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ABSTRACT 

This book in three volumes contains the papers presented at the ninth international conference on 
Energy Efficiency in Domestic Appliances and Lighting. EEDAL'2017 organised in Irvine, CA, USA by 
California Plug Load Research Center (CalPlug) at the University of California, Irvine on 13-15 
September 2017. This major international conference has been very successful in attracting an 
international community of stakeholders consumption (including manufacturers, consumers, 
governments, international organisations, academia and experts) dealing with residential appliances, 
equipment, metering,  lighting, residential building energy to discuss the progress achieved in 
technologies, behavioural aspects and policies, the strategies that need to be implemented to further 
progress this important work. Potential readers who may benefit from this book include researchers, 
engineers, policymakers, and all those who can influence the design, selection, application, and 
operation of electrical appliances and residential buildings. 
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1 INTRODUCTION 

This book in three volumes contains the Proceedings of the ninth international conference on Energy 
Efficiency in Domestic Appliances and Lighting. EEDAL'2017 organised in Irvine, CA, USA by 
California Plug Load Research Center (CalPlug) at the University of California, Irvine on 13-15 
September 2017. The international community of stakeholders dealing with residential equipment, 
metering and lighting (manufacturers, retailers, consumers, governments, utilities, international 
organisations and agencies, academia and experts, etc.) have already gathered eight times at the 
International Conference on Energy Efficiency in Domestic Appliances and Lighting (EEDAL) 
(Florence 1997, Naples 2000, Turin 2003, London 2006, Berlin 2009, Copenhagen 2011, Coimbra 
2013, Lucerne 2015, Irvine 2017).  

EEDAL'17 has provide a unique forum to discuss and debate the latest developments in energy and 
environmental impact of residential appliances and lighting, heating and cooling equipment, 
electronics, smart appliances, smart meters, consumer behaviour, the policies and programmes both 
adopted and planned. EEDAL will also address the technical and commercial advances in the 
dissemination and penetration of technologies and solutions. 

The three-day conference included plenary sessions where key representatives of governments and 
international organisations, manufacturers utilities, and academia presented their views and 
programmes to advance energy efficiency in residential appliances and lighting, for example, through 
international co-operation on product information and eco-design requirements. Scientific parallel 
sessions on specific themes and topics allowed in-depth discussions among participants.  

The EEDAL '17 conference papers presented in the scientific session included in the Proceedings 
covered the following topics: 

1. Lifestyles and Consumer Behaviour

2. Global Climate Change Mitigation Policy

3. Focus on Developing Countries and Emerging Economies

4. Strategies for Increasing Efficiency

5. Standards and Labels

6. Measurement Methods and International Harmonisation

7. Market surveillance and enforcement mechanisms

8. Market Transformation Programmes

9. Smart Meters, Data Analytics, and End-use Metering

10. Demand Response

11. Energy Services, Energy Efficiency Funds, Demand Side Management and ESCOs

12. Programme and Policies Monitoring & Evaluation

13. Designing for Diversity

14. Non Energy Benefits

15. Financing

16. Home and Residential Building Retrofit Programmes

17. Residential Appliances/White Goods

18. Residential HVAC and Water Heaters

19. Electronics, Home Office Equipment, Broadband Communication Equipment, and Low Power
Modes

20. Residential Lighting

21. Motor Technologies
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22. Smart and Clean On-site (residential) Power Generation 

23. Net Zero Energy Residential Building and positive buildings 

24. Smart Appliances, Home Automation, Smart Homes, Home Robots and Smart Grids: 
Communities. Cities and Aggregation 

25. Off-Grid Appliances and Energy Access 



 

4 
 

2 BUILDING SIMULATION 
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Abstract  

Multi-input DC-DC converters have been developed to be used in sources as renewable energies. 
Photovoltaic PV panels are traditionally arranged in more than one modules in order to increase the 
power system; with the purpose of obtaining the maximum power point a converter for each panel 
could be used, or a multi-input converter that is able to control independently each input. These multi-
input converters can be hybrid, this is the energy should come from solar panels, fuel cells, and/or 
wind turbines. They may be used to administrate the energy of the system; this type of converter also 
should be part of micro-grids. 

In this paper a multi-input Forward converter is proposed for lighting applications, it obtains the energy 
from two solar panels and a battery is used as a backup system in the proposed topology. The multi-
input Forward converter is described through its operating modes. To verify the performance of the 
proposed converter, the simulation is shown in open loop by using PSIM software. 

Introduction 

Pollution around the world is increasing every day and the energy’s production from fossil fuel 

sources, which are slowly decreasing. Due to climate change, it has been searched for others energy 

sources as solar energy and wind energy. Renewable sources are key for clean energy production 

[1], this fact shows the importance of using sustainable energy.  

Power electronics is increasing the opportunities to use these sources by developing technology in 

devices and power converters. The dc-dc power converters are suitable to be used in these 

applications, they can be isolated or non-isolated. 

Non-isolated converters as Buck, Boost, Buck-Boost, and integrated topologies have been designed 

as multi-input systems in order to use renewable sources, such as fuel cells, solar panels and/or wind 

generators [2-5]. They can be for use in micro-grid, portable electronics, and automobile applications. 

The Boost and Buck converters are popular in a wide range of power ratings. Flyback, Forward, 

SEPIC, Full-bridge, and Half-bridge are isolated converters, they are used because of the capacity for 

output isolation from input through a transformer. Considering several windings transformer, it can 

provide more inputs and outputs. In [6] a review of multi-input topologies is presented that includes 

isolated and non-isolated converters; also the differences between these converters are detailed, and 

then, a good perspective about isolated converters is obtained. However, these converters have 

disadvantages in volume and cost because the addition of a transformer to obtain isolation.  

The use of isolated dc-dc converter for lighting applications is important to study the advantages of its 

performance. Flyback and Forward converters are widely used and commonly modified as in [7], due 

to their flexibility in turns ratio design. A Flyback converter that combines three renewable inputs 

sources and works with one system controller is proposed in [8]. This topology is shown in Fig. 1, it 

has just one transformer primary winding and uses three series buck converters to combine the 

multiple input sources. 

Another converter based on the Flyback converter is shown in [9]. This topology works with coupled 
inductors for its operation. The input sources are two: the renewable inputs and a battery backup 
system, as it can be seen in Fig. 2. 

 

 

 

 



 

6 
 

 

Figure 1. Flyback multi-input topology proposed in [8] 

 

 

Figure 2. Multi-input Flyback converter with battery backup 

In [10] a multi-input converter is proposed based on a forward-type isolated pulsating voltage source 
cell and a SEPIC. This topology is shown in Fig. 3. The topology has two inputs and they are from 
renewable sources: the PV panel and the wind turbine, the aim of this topology is to operate as a 
battery charger system.  

 

Figure 3. S-MIC as a battery charger system 
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A converter based on a forward topology is shown in Fig. 4, which works in a series way; it can deal 

with solar and wind energy sources [11]. This topology uses an upper and a lower forward converter 

and delivers the energy it is operated in an interleaving mode.  

 

 
Figure 4. Modified forward topology proposed in [11] 

In this paper is proposed a topology based on the Forward converter, the modification permits multi-
inputs, but also a port for a battery set, the output is intended for lighting applications, however, it can 
be used for others applications. The main difference of this converter is that the output current may be 
controlled easily since the converter has an output inductor, this characteristic is used for lighting 
applications to control the light intensity of High-Brilliant LEDs. 

Proposed converter and operations modes 

The Forward converter, shown in Fig. 5, is an isolated dc-dc converter that present two windings in 
the primary side: the primary winding (Np) transfer the energy directly to the secondary side (Ns) when 
the MOSFET Sw is closed. The second winding allows demagnetizing the primary winding while the 
switch Sw is open. The output is analyzed like the Buck dc-dc converter [7]. 

 

Figure 5. Forward converter 

The proposed converter is based on the Forward converter, but it uses two solar panels as inputs and 
a battery set as a backup system (Fig. 6). For this reason, three windings are required on the primary 
side. The system allows to provide energy to the load individually or simultaneously from the inputs or 
the backup system, also the battery set can be charged from a renewable source.  

+-
C RVs

D1

D2

L

Ddes

NsNpNdes

Sw
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Figure 6. Multi-input Forward converter for renewable sources 

The third transformer winding enables the battery backup system. The battery set can be charged 
from any input source 𝑉𝑠1 or 𝑉𝑠2, and the battery set can act as a source when the renewable sources 
are disabled.  

The proposed multi-input converter has four operating modes, which are described as follows: 

 Mode I: The voltage source 𝑉𝑠1  provides the power to the load. Then 𝑆𝑓 is switching, 𝑆1, 𝑆3 

are turned on. The switches 𝑆2, 𝑆4, and 𝑆5 are off. 

 

 Mode II: The voltage source 𝑉𝑠2 provides the power to the load. Then 𝑆𝑓 is switching, 𝑆2, 𝑆3 

are turned on. The switches 𝑆1, 𝑆4, and 𝑆5 are off. 

 

 Mode III: The topology operates as a charger system.  The voltage source 𝑉𝑠1 provides 

energy to the load, but at the same time, it charges the battery. 𝑆2, 𝑆3 are turned off, 𝑆1 is on, 

and 𝑆4,  𝑆5, and 𝑆𝑓 are switching. 

 

 Mode IV: The topology operates as a backup system. The battery provides energy to the 

load. 𝑆3 is turned on, 𝑆1, 𝑆2, and 𝑆𝑓 are off. Now 𝑆4 and  𝑆5 are switching. 

Simulations results 

In order to verify the performance of the proposed converter, the topology was simulated in PSIM 
software. The parameters of the designed system are 4.19 mH output inductor, 339 nF output 
capacitor, switching frequency = 60 kHz, PV voltage is 52 V, output power 69 W, output current 0.75 
A and output voltage of 92 V. With the intention to consider a more realistic system for lighting system 
applications, a Vishay module LED VLSL5024A characteristics were considered.   

The operation mode I (Fig. 6): 𝑉𝑠1 provides the power to the load. The semiconductor 𝑆𝑓 is switching.  

In the figure, it can be observed the output voltage and the output current, also the start up for the set 
point of the converter. 
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Figure 7. Operation in mode I and II. From left to right: Output voltage, output current 

The operation mode II has the same performance, and they are similar to Fig. 7. 

The operation mode III works when the voltage source 𝑉𝑠1 provides energy and at the same time, it 
charges the battery. In Fig. 8 is shown the simulation, and it is illustrated the output voltage and 
battery current during the settling time to the set point. 

 

Figure 8. Operation in mode III. From left to right: Output voltage, battery current 

In operation mode IV, the battery provides energy to the load directly. In Fig.9 is shown the operation, 
and it is appreciated the battery current behavior according to the respective duty cycle in this mode.  
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Figure 9.  Operation in mode IV. From to bottom: Battery current, Gate driver signal 

The simulations results show that in the four cases of study, the nominal values of voltage and current 
are achieved for the required characters for the Vishay LED module VLSL5024A. In order to regulate 
the light intensity a current control may be employed, and that should be a classical controller. 

Conclusion  

The importance of using renewable sources for energy production is essential for our environment. 
Study and development of new topologies in power electronics for use and distribution of this energy 
contribute to the reduction of pollution.  

This paper presents a multi-input based Forward converter for renewable sources, which can operate 
the inputs at the same time or individually. The topology includes a battery system as a backup, this is 
possible due to the addition of a winding in the converter. Despite the cost of adding a transformer 
and some MOSFETs in the proposed converter, the system permits to control independently each 
input and also an output current control is easy to achieved, then is suitable for lighting applications, 
where the current is usually controlled. The performance of the topology through the simulation 
results is satisfactory. 
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Understanding the value of information in residential building 
simulation: Comparing simulated and actual building loads at the 
circuit level  

Brock Glasgo, Chris Hendrickson, Inês Lima Azevedo 

Carnegie Mellon University, Department of Engineering and Public Policy 
 

Abstract 
 
Building simulation tools are being used in a number of new roles such as building operation 
optimization, performance verification for efficiency programs, and – recently – building energy code 
analysis, design, and compliance verification in the residential sector. This has furthered the need to 
verify the accuracy of their results and develop methods for calibrating them to ensure reliable 
outputs. 
 
In this paper, we develop a batch simulation tool to model and simulate 106 homes in the DOE’s 
EnergyPlus software using energy audit and homeowner survey records from a smart grid 
demonstration project. We compare these simulations to device-level monitored data from the actual 
homes to provide a first measure of the accuracy of the condensing unit, central air supply fan, and 
other energy consumption model estimates in a large number of homes.  
 
Results show that EnergyPlus simulations of single-family homes, as has been reported in 
commercial buildings, do not consistently or accurately predict actual energy consumption at either 
the whole-home or device level when specified as with the results of a typical energy audit. Whole-
home annual energy consumption was consistently overestimated, in many instances by more than 
100%. Sensitivity analysis is conducted to determine the physical and behavioral characteristics of the 
homes and homeowners that most influence the accuracy of the modeling.  
 
These results provide context for the use of EnergyPlus as a decision-making tool in the residential 
sector. Specifically, they show the approximate level of accuracy researchers can expect when 
simulating a sample of homes displaying a range of physical characteristics, appliance stocks, and 
occupant behaviors. We discuss the implications of these findings and make recommendations on 
how EnergyPlus and other simulation tools can be reliably used and improved to make better policy 
and investment decisions. 
 

Introduction 

Increased attention to building energy performance, improved software packages, and decreasing 
computing power requirements have led to the use of building energy simulation tools in a large and 
growing number of applications [1–3]. These tools are now being used in their traditional role as 
decision support for building and retrofit design in the commercial sector, but also in new roles such 
as building operation optimization [1], performance verification for energy efficiency programs like 
LEED [4], and – recently – building energy code analysis, design, and compliance verification in the 
residential sector [3,5]. These new uses of building simulation tools in policy and investment decision-
making in the residential sector have furthered the need to verify the accuracy of their results and 
develop methods for calibrating them to ensure reliable outputs. 

The Department of Energy’s EnergyPlus is the most prominent simulation package being used in 
these new applications. As part of their work for the Department of Energy’s Building Energy Codes 
Program, Pacific Northwest National Laboratory (PNNL) established a method for analyzing potential 
changes to residential building codes based on EnergyPlus [3]. The method first involved the 
construction of prototype EnergyPlus models of simple single- and multi-family residences that meet 
existing region-specific building codes. The cost-effectiveness of potential changes to these codes is 
evaluated by incorporating a proposed change in the model – reducing allowable building leakage 
rate, for instance – simulating the building’s energy performance using local weather data, and 
observing the resulting change in energy consumption. The simulated energy cost savings are then 
compared to the first cost to estimate the lifecycle cost of implementing the change. These results 
then serve to inform the DOE’s position on whether to approve a code change proposed by the 
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International Code Council (ICC), but are also used to inform state and local jurisdictions about the 
expected effects of adopting a new code when they are considering a change. 

EnergyPlus is also in the process of being incorporated into a tool being developed by the Residential 
Energy Services Network (RESNET) to standardize residential energy benchmarking for energy code 
compliance. RESNET is a not-for-profit membership corporation that develops standards used in 
home energy efficiency ratings [6]. RESNET’s Home Energy Rating System (HERS) is an industry 
standard calculation specification that allows certified energy raters to assign efficiency scores to 
homes that can be used to demonstrate their energy code compliance in most states and jurisdictions 
[5,7]. Efficiency scores are currently calculated using a number of software programs that have been 
approved and accredited by RESNET [8]. In March of 2016, however, RESNET and the DOE 
announced that this suite of software packages is going to be replaced by a single-source tool based 
on EnergyPlus [5]. While the tool has not yet been released or described in detail, its announcement 
alone highlights the need to better understand the ability of EnergyPlus to accurately model 
residential buildings. 

Many studies have looked at the accuracy of building energy simulations in the commercial sector and 
have often found large discrepancies between modeled and actual performance. These studies 
typically involve the construction of a model of a building in which extensive data gathering has been 
conducted. Using measured and observed details of the building and its operation, a detailed model is 
constructed and its simulated performance is compared to measured data such as electric or gas 
utility data [9], environmental sensor data [10], or submetered system-level data [11,12]. Based on 
these results, conclusions are drawn about the suitability of the chosen model and application, and 
recommendations are made to improve modeling efforts in the future. 

In addition to studies which generate and analyze building energy simulations, there are a growing 
number of papers dedicated solely to the methods by which these models can be calibrated. Coakley 
et al. summarized these methods in a literature review of around 70 papers addressing issues of 
calibration in building simulation modeling [13]. The paper generally finds no consensus method for 
building simulation calibration, nor does it find a widely accepted set of criteria for validating these 
models. However, given the large body of literature found by the authors, they conclude that the work 
already available could inform the development of standardized methods for model calibration. 

Both types of studies are typically limited by data availability to a small number of buildings. The 
conclusions that can be reached from such studies are therefore limited as well. To address this issue 
and increase sample sizes, research is now turning to batch simulations in which large numbers of 
buildings are modeled in parallel. Rhodes et al. used one such method to simulate 54 homes in the 
Pecan Street study using energy audit and survey records as model inputs [14]. In this study, a 
baseline model of each home was built using actual building characteristics and simulated using 
Typical Meteorological Year (TMY) data. Three alternate scenarios were then simulated which 1) 
used actual weather data, 2) updated default thermostat settings with actual thermostat settings, and 
3) simplified each home’s geometry into a rectangular footprint. Each set of simulation results were 
compared to measured whole-home annual electricity consumption. Results indicate that including 
actual thermostat settings improves model accuracy, actual weather data unexpectedly worsened 
accuracy, and simplifying home geometries had little effect on outcomes. Errors for individual homes 
ranged from underestimating actual annual consumption by 60% to overestimating by over 100%. 
However, when results are aggregated to measure the model’s ability to predict the combined 
electricity consumption of all the homes, errors are reported as less than 3%. 

In this paper, we model and simulate 106 homes from the same Pecan Street study used by Rhodes 
et al. using PNNL’s residential prototypes as a starting point. We modify these prototypes with 
information from Pecan Street’s energy audit records, homeowner survey results, and occupancy 
profiles estimated from device-level energy consumption data to more closely resemble the actual 
monitored homes. 

We compare the results of these simulations to device-level monitored data from the actual homes to 
provide a first measure of the accuracy of the EnergyPlus condensing unit, central air supply fan, and 
other energy consumption model estimates in a large number of homes.  By comparing simulated and 
actual energy consumption at this detailed level, we are able to more closely identify the source of 
EnergyPlus model errors and provide detailed recommendations on how to address them and 
mitigate their effect on decision-making. 

We then conduct a sensitivity analysis by varying a number of the inputs to these models to observe 
which physical and behavioral characteristics of the homes and homeowners most influence the 
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accuracy of the modeling. These results provide context for the use of EnergyPlus as a decision-
making tool in the residential sector. Specifically, they show the approximate level of accuracy that 
researchers can expect when simulating homes displaying a range of physical characteristics, 
appliance stocks, and occupant behaviors. Sensitivity analysis results also provide a measure of 
which characteristics most influence model accuracy and need to be included for accurate system-
level modeling. 

Material and Methods 

Residential building prototypes 

As a starting point for our modeling, we use PNNL’s single-family detached home EnergyPlus 
prototypes built according to the IECC 2006 residential building energy code. Prototype models are 
available that were built to simulate homes compliant with IECC 2006, 2009, and 2012 [15]. The 
oldest available prototypes were chosen to more closely match the older Pecan Street building stock. 
Prototypes are also differentiated by location to account for variations in building energy codes by 
climate zone. Homes in the Pecan Street sample are located in and around Austin, Texas, so we 
select prototypes designed for San Antonio, which is located in the same climate zone [16]. Finally, 
prototypes are available with different combinations of foundation or basement type and primary 
space heating fuel type. Using the Pecan Street energy audit records, we select and assign 
prototypes to match these factors for the homes in our final sample. A summary of some of the key 
characteristics of these prototypes can be found in Table 1. 

Appliance-level energy use data 

Appliance- and home-level energy consumption data were obtained from the Pecan Street Research 
Institute’s Dataport for the year 2015 [17]. Pecan Street Inc. is a 501(c)(3) not-for-profit corporation 
and research institute headquartered at The University of Texas at Austin [18]. Volunteers from in and 
around Austin elect to join the study and work with researchers at Pecan Street to decide which 
circuits and devices in their homes to monitor. The resulting dataset includes records for 
approximately 722 homes, with data available for up to 28 circuits per home at 15-minute intervals. 
We apply validation criteria which require at least one full year of whole-home use data with less than 
one week of missing values. 

To ensure a fair comparison between EnergyPlus simulations and monitored data, energy 
consumption from electric vehicles, garages, pool lights, pool pumps, and sprinklers are subtracted 
from monitored whole-home consumption when these devices were monitored. These devices are not 
modeled in EnergyPlus simulations and would otherwise be a source of error. 

Average whole-home electricity consumption in the Pecan Street sample is around 33% less than 
comparable homes in the EIA’s 2009 Residential Energy Consumption Survey (RECS) and around 
13% less than the average Austin Energy customer [19, 20]. Thus, while the sampled homes are 
more efficient than the average Texas home, they are likely to provide a reasonable estimate of 
household electric consumption around Austin. 

Energy audit and homeowner survey records 

Energy audit and homeowner survey records are available for many homes in the Pecan Street 
sample. As part of their ongoing research, the Pecan Street Research Institute has implemented 
several interventions in volunteer residents’ homes and apartments. These include providing 
residents access to an online portal to observe their energy use, simulating time-of-use pricing 
schemes, and providing new appliances to homeowners, among others.  

Energy audits were conducted and recorded in the Pecan Street dataset between January 2011 and 
September 2014 as part of two separate programs. The majority of audits were conducted by an 
outside contractor before monitoring installations began in January 2012. The remaining audits, 
conducted in late 2013 and early 2014, were conducted by Pecan Street personnel. Annual surveys 
are administered to participants in the Pecan Street study. Records from these surveys provide 
demographic and other information about the homes and their occupants. 

In selecting homes to be included in final simulations we include only those which meet the monitored 
data validation criteria described above, and which also have an energy audit record and at least one 
annual survey record. A total of only 106 homes remain that meet these requirements. Of these, 102 
have complete condensing unit data and 75 have complete central air supply fan data. 
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A summary of key data collected in the audits, surveys, and monitoring installations is shown below in 
Table 1. 

Table 1. Summary statistics for PNNL prototype models and simulated Pecan Street homes.  

 PNNL 
Prototype 

Pecan Street 

 Value Min Mean Max 

Occupant characteristics     

Residents (qty) 3.0 1.0 2.6 6.0 

Household income
 
($/yr) -- $30k $130k $230k 

Envelope characteristics     

Number of floors 2 1 1.5 2 

Foundation type (slab / pier) Varies -- 94 / 12 -- 

Home age (yrs) ~ 10 6 28 96 

Floor area (m2) 220 70 200 370 

Ceiling height (m) 2.6 2.3 2.7 4.3 

Building infiltration (ELA, cm2) 960 310 960 2,400 

Window U-factor (W/m
2
K) 4.3 2.2 4.1 7 

Attic insulation R-value (m
2
K/W) 4.3 1.1 5.3 9.2 

Appliance characteristics     

AC efficiency (EER)
a
 13.5 5.0 10.9 17.0 

Condensing unit age (yrs) 0 4 10.1 27 

Heating setpoints (daily avg., C) 22 17 21 24 

Cooling setpoints (daily avg., C) 24 20 25 28 

Heat pump / furnace (qty / qty) Varies -- 7 / 99 -- 

Programmable thermostat (y / n) Yes -- 98 / 8 -- 

Water heater fuel (gas / electric) Varies -- 100 / 6 -- 

a
 Nameplate efficiency     

 

Occupancy estimation 

Home occupancy is an important determinant of the timing and quantity of energy consumption in 
homes. Survey results provide an incomplete accounting of occupied hours for each home, so we 
estimate occupancy based on device-level monitored data. 

To do this, monitored circuits and devices are separated into accompanied and activated loads. 
Accompanied loads are loads which indicate that the home is likely occupied if they are consuming 
energy. Activated loads are loads which can be consuming energy even if the home is unoccupied. 
For these loads, occupancy can only be estimated by looking for events where the device or circuit 
sees a significant change in load, indicating that someone has activated or deactivated the circuit. 
See Table 2 for a list of accompanied and activated loads. Note that loads which do not vary 
significantly based on occupancy, such as refrigerators or air conditioners, are not included in either 
load class and are not used to estimate occupancy with this method. 
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Table 2. Appliance type allocations for occupancy estimation 

Accompanied Loads Activated Loads 

Electric vehicles, laundry machines, dishwashers, 
in-sink disposals, microwaves, ovens, electric 
ranges 

Bathroom circuits, bedroom circuits, dining room 
circuits, garage circuits, kitchen circuits, lighting 
circuits, living room circuits, office circuits, 
outdoor lighting circuits, pool lighting, utility room 
circuits, ventilation hoods 

 

Using these allocations, annual energy consumption profiles for each appliance or circuit in the 106 
homes are used to estimate occupancy for every 15-minute interval for the year 2015. If any 
accompanied load in a home is consuming over 50W in a given interval, the home is flagged as being 
active in that period with P(Active)=1.0. Similarly, if any activated load sees an increase or decrease 
in demand of over 50W, the home is flagged as being active in that period with P(Active)=1.0. If no 
activity is identified, the home is flagged as inactive with P(Active)=0. Averaging these activity profiles 
for every day in 2015, we generate a probabilistic daily activity profile for each home. 

Because this method relies on device activity, it fails to identify hours where homes are likely 
occupied, but the residents are inactive or sleeping. To correct for this, we assume that most homes 
follow a typical occupancy pattern of waking up between 3AM and 11AM and arriving home between 
6PM and midnight. To estimate inactive – but likely occupied – hours, peak activity is identified for 
each of these periods. Prior to peak activity in the morning, and following peak activity in the evening, 
it is assumed the home is always occupied with P(Occupied)=1.0. Between each home’s wakeup and 
arrival hours, it is assumed that activity actually reflects occupancy, with P(Occupied)=P(Active). 

A sample home showing the difference between the calculated activity profile and estimated 
occupancy profile is shown in Figure 1. This method is used to estimate an occupancy profile for each 
home in the final sample. 

 

Figure 6. Estimated activity and occupancy profiles for a single home where morning activity 
peaked at 8AM and evening activity peaked at 9PM. 

 

 Modeling Operations 

Fully specified EnergyPlus models of the 106 Pecan Street homes are generated by modifying the 
PNNL prototypes’ input data files (IDFs) with the home and occupant characteristics described above. 
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These IDFs are text files which describe the physical, operational, and behavioral characteristics of 
the modeled homes and their occupants. To modify the prototype IDFs, a Matlab program was used 
to open each file, locate the fields to be edited, and replace the default values or descriptions with the 
actual home’s characteristics. The characteristics for which we have data from either Pecan Street’s 
energy audit or survey records are listed and described below.  

 Number of floors 

 Building floor area – Building floor area was available for each of the 106 homes. Length, 
width, and building footprint shape are not specified, so we model Pecan Street homes as 
rectangular homes with width 1.4 times the length. This is a reasonable assumption, as 
Rhodes et al. showed in [14] that simplifying the geometry of homes does not significantly 
impact EnergyPlus modeling performance.  

 Attic insulation R-value – Attic insulation value was recorded in energy audit records. When 
data was missing, it was replaced with the average value from the remaining homes.  

 Ceiling height – When ceiling height was not reported for an individual home, it was replaced 
with the average value from the remaining homes. 

 AC condensing unit efficiency – In addition to the nameplate efficiency of each home’s 
condensing unit, the age of each unit was known. To account for performance degradation 
over time, we estimate actual operating efficiency according to the method described in [21]. 

 Water heater fuel – Water heater fuel was determined based on energy audit reports and the 
availability of monitored data. 

 Building shell infiltration – Building shell infiltration was reported in Pecan Street energy audits 
as the result of a blower door test conducted on each home. Results were reported in units of 
air changes per hour at 15Pa. PNNL’s prototypes specify infiltration in terms of equivalent 
leakage area. To convert between the two units, we use the method described in [22]. 

 Occupancy schedule – Home occupancy was estimated as described above. 

 Building orientation – The orientation of each home was reported for all homes as one of the 
16 cardinal, intercardinal, or secondary-intercardinal directions. 

 Number of residents – When number of residents was not reported for an individual home, it 
was replaced with the average value from the remaining homes. 

 Heating and cooling setpoints – Heating and cooling setpoints were reported in one of Pecan 
Street’s annual surveys. Residents reported their heating and cooling season thermostat 
setpoints for their sleeping, morning, workday, and evening hours without reporting actual 
hours. Because explicit hours for these periods were not identified, we assign sleeping hours 
as midnight to 7AM, morning hours as 7AM to 9AM, workday hours as 9AM to 6PM, and 
evening hours as 6PM to midnight. When setpoints were not reported, we assign these 
values the average of the reporting homes. Homes without programmable thermostats were 
assigned the same value for all periods. 

 Window area per wall – Window area for each external wall, by orientation, was reported in 
Pecan Street audit records. When window area was not reported, values were assigned as 
the average of all reporting homes. 

 Window type – Windows were described in Pecan Street energy audit records as a 
combination of frame material and number of panes. EnergyPlus describes windows by their 
overall U-value, which is primarily a function of these two factors. Overall U-factor for each 
window type was determined according to [23]. When window type was not reported, values 
were assigned as the average of all reporting homes. 

 

The final input required to simulate the Pecan Street homes in EnergyPlus is weather data. To ensure 
that simulated conditions match actual conditions for the monitored period as closely as possible, 
recorded weather data for Austin in 2015 is taken from [24].  

To measure the degree to which the EnergyPlus simulations match monitored data, accuracy will be 
reported in terms of the hourly coefficient of variation of the root mean square error (CVRMSE). This 
metric is used in ASHRAE Guideline 14 to define a model as calibrated if its hourly CVRMSE is less 
than 30% [25]. 

Modeling Assumptions 

In addition to the assumptions described above, we assume that any changes made by homeowners 
based on recommendations from the energy audits are minor and do not significantly affect 2015 
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energy consumption. We also rely on the accuracy of these energy audit records to describe the 
physical characteristics of the home and its appliance stock. 

Additional data gathering would obviously improve simulation accuracy, as numerous important 
characteristics of the modeled homes are missing. In using the PNNL prototypes, we assume that 
these missing fields are relatively accurately represented by the default values used in these models. 

Sensitivity Analysis 

Once the prototype home models have been modified with the actual monitored homes’ 
characteristics and occupant behaviors, sensitivity analysis will be conducted to determine which 
factors have the greatest impact on the accuracy of the simulations. This is done by specifying all 
fields but one with the actual homes’ reported characteristics. The remaining field is assigned the 
default value used in the PNNL prototype models. The effect of this modification is measured as the 
change in CVRMSE between the fully specified baseline case and the less specified sensitivity 
analysis case. 

∆𝐶𝑉𝑅𝑀𝑆𝐸 = 𝐶𝑉𝑅𝑀𝑆𝐸𝑆𝑒𝑛𝑠𝐴𝑛𝑎𝑙𝑦𝑠𝑖𝑠 − 𝐶𝑉𝑅𝑀𝑆𝐸𝐵𝑎𝑠𝑒𝑙𝑖𝑛𝑒                                                               (1) 

For sensitivity analysis of floor area, condensing unit efficiency, building infiltration, heating and 
cooling setpoints, home orientation, ceiling height, window type, window area, attic insulation R-value, 
occupancy pattern, and number of residents, the actual values are simply reset to the default values 
used in the PNNL prototype models. We test sensitivity to correcting nameplate condensing unit 
efficiency for its age by simply using the nameplate efficiency, without the correction factor described 
in Section 2.5. For lighting, we change the modeled homes’ lighting power density from the default 
value in the IECC 2006 prototype to the updated IECC 2012 value, thereby greatly increasing the 
efficiency of each home’s lighting array. Finally, we vary the exterior construction material from its 
default stucco construction to standard brick masonry construction. 

Results 

Baseline model accuracy – whole-home consumption 

Figure 2 shows a scatter plot with the EnergyPlus simulated annual energy consumption of the 
modeled homes on the x-axis and measured annual energy consumption on the y-axis. The black 
diagonal shows where simulated energy consumption exactly matches actual consumption. The two 
red lines show 50% relative annual error bounds. 

 

Figure 7. Scatter plot showing simulated whole-home energy consumption on the x-axis and 
actual measured energy consumption on the y-axis. The black diagonal shows perfect 

agreement, while red diagonals show 50% error bounds.  
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EnergyPlus simulations are seen to generally overestimate energy consumption in the simulated 
homes. Of the 106 homes simulated, 46 homes saw their annual energy consumption overestimated 
by over 50%, 44 homes were overestimated by 0-50%, and only 16 homes were underestimated. 
Average monitored whole-home consumption is around 10,700 kWh/yr, while average EnergyPlus 
simulated consumption is around 14,300 kWh/yr. Nearly all of the >50% overestimates occurred in 
homes whose actual annual consumption is less than 10,000 kWh/yr, indicating that EnergyPlus 
simulations are less accurate in accounting for the physical characteristics and behaviors seen in 
these exceptionally efficient homes. 

Baseline model accuracy – condensing unit consumption 

A convenient and important measure of a simulated home’s estimated cooling load is the cooling 
capacity of the condensing unit or heat pump that EnergyPlus calculates based on building 
characteristics, occupant behaviors, and internal loads. Figure 3 shows a scatterplot of these 
autosized condenser capacities on the x-axis and the nameplate capacities of the condensers in the 
actual homes on the y-axis. 

 

Figure 8. Scatterplot of autosized condenser capacities on the x-axis and nameplate capacities 

on the y-axis. The black diagonal shows perfect agreement, while red diagonals show 50% 
error bounds. 

This shows the autosized condenser capacities are nearly all between 50% and 100% of the installed 
condenser capacities. This could indicate that the EnergyPlus calculated cooling load is lower than 
the actual cooling load, or the actual condensers could be oversized by design. Note that installed 
condenser capacities follow manufacturer’s nominal sizes that typically specify condensers in half-ton 
increments, while EnergyPlus autosized capacities can be assigned any value. If autosized capacities 
are rounded up to the nearest half-ton increment, they more closely match nameplate capacities. 

Next, Figure 4 shows the simulated and actual annual energy consumption of these condensing units. 
Of the 106 homes simulated, only 102 had monitored data available for their condensing unit, so only 
this smaller sample is presented. 
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Figure 9. Scatter plot showing simulated condensing unit energy consumption on the x-axis 
and monitored condensing unit consumption on the y-axis. The black diagonal shows perfect 

agreement, while red diagonals show 50% error bounds.  

This figure shows annual condensing unit energy consumption being overestimated by >50% in 
nearly half of simulated homes. Average simulated condenser consumption is around 1,300 kWh/yr 
more than monitored condenser consumption, which explains around 36% of whole-home simulation 
error. To determine the source of this error, 15-minute monitored and simulated interval data profiles 
were plotted for homes where condensing unit consumption was overestimated by >50% in 
EnergyPlus. 

  

(a) (b) 

Figure 10. Average condensing unit demand for homes where EnergyPlus overestimated 
annual condensing unit energy consumption by >50%. (a) Shows average condensing unit 
demand for a day with negligible heating or cooling energy. (b) Shows average condensing 
unit demand for a peak cooling day. 

 

Figure 5 shows the average monitored and simulated condensing unit demand for the 47 homes in 
which EnergyPlus simulated energy consumption was >50% more than actual monitored 
consumption. The left figure shows average simulated and monitored demand profiles for a day with 
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negligible heating or cooling energy. This shows EnergyPlus correctly identifying no significant cooling 
load and very closely matching the monitored condenser use on this day on average across all 47 
homes. The right figure shows a peak cooling day. This shows the EnergyPlus simulation 
overestimating both the hours where cooling is required and the condensing unit demand during 
cooling hours.  

 

Baseline model accuracy – central air fan consumption 

Figure 6 shows the simulated and actual annual energy consumption of central air supply fans. Of the 
106 homes simulated, only 75 had monitored data available for their supply fan, so we only present 
this smaller sample. 

 

 

Figure 11. Scatter plot showing simulated central air supply fan energy consumption on the x-
axis and monitored consumption on the y-axis. The black diagonal shows perfect agreement, 

while red diagonals show 50% error bounds. 

 

Central air supply fan energy is more accurately simulated than condensing unit energy. Only 19 of 
the 75 homes included are outside of the 50% error bounds, with average annual consumption 
around 1,300 kWh/yr in the monitored sample and around 1,100 kWh/yr in EnergyPlus simulations. In 
general, fan energy consumption is underestimated for homes with high fan consumption and 
overestimated for homes with low fan consumption. This indicates that the factors which describe the 
high variance in actual consumption have not been accounted for in the models.



 

22 
 

  

(a) (b) 

Figure 12. Average central air supply fan demand for homes where EnergyPlus overestimated 
annual central air supply fan energy consumption by <50%. (a) Shows average demand for a 
day with negligible heating or cooling energy. (b) Shows average demand for a peak cooling 

day. 

Figure 7 shows the average monitored and simulated central air supply fan demand for the 23 homes 
in which EnergyPlus simulated energy consumption was from 0-50% more than actual monitored 
consumption. The left figure shows average simulated and monitored demand profiles for a day with 
negligible heating or cooling energy. This shows EnergyPlus correctly identifying no significant fan 
load and very closely matching the monitored fan use on this day in all homes. The right figure shows 
a peak cooling day. This shows EnergyPlus simulates fan demand earlier in the day than in the 
monitored homes. Peak fan loads roughly coincide both in timing and in actual kW.  

Finally, Figure 8 shows annual energy consumption errors of condensing units on the x-axis and 
supply fans on the y-axis. This shows that fan and condenser errors are highly positively correlated 
(r=0.58), indicating that fan and condenser energy errors generally track together, and neither is 
compensating for the other. 

 

Figure 13. Scatter plot of EnergyPlus simulation condenser errors on the x-axis and fan errors 
on the y-axis.  
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Baseline model accuracy – Non-HVAC energy use 

Figure 9 shows the simulated and actual annual energy consumption of all other end uses in the 
simulated homes. This includes interior and exterior lighting, a refrigerator, miscellaneous plug loads, 
kitchen appliances, a dishwasher, and washer and dryer. To properly account for these loads in the 
monitored data, we require monitored data for the whole home, the condensing unit, and the central 
air fan. This leaves 74 homes of the original 106 with the necessary data for this comparison.  

 

Figure 14. Scatter plot showing simulated non-HVAC energy consumption on the x-axis and 
measured consumption on the y-axis. The black diagonal shows perfect agreement, while red 

diagonals show 50% error bounds. 

 

EnergyPlus simulations again overestimate energy consumption for these loads in nearly all included 
homes. Average simulated consumption is around 8,500 kWh/yr, and monitored consumption around 
5,900 kWh/yr, meaning around 75% of the whole-home error is due to these other loads.  

This other energy use also contributes to the overestimated condensing unit energy consumption 
discussed above. Extra internal energy use increases the homes’ cooling loads during Austin’s long 
cooling season. Because most homes are heated by gas and Austin’s heating season is short, the 
corresponding reduction in heating energy use is minimal.
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Sensitivity Analysis 

Figure 10 below shows the change in CVRMSE of whole-home energy consumption when individual 
factors are changed from their actual values as described in Section 2.7. Positive values indicate that 
CVRMSE increased when a home characteristic was replaced with a default value. 

  

(a) Floor area (b) Age correction for condensing unit efficiency 

  

(c) Condensing unit nameplate efficiency (d) Infiltration 

  

(e) Setpoints (f) Orientation 

  

(g) Ceiling height (h) Window type 

  

(i) Window area (j) Attic R-value 

  

(k) Occupancy (l) Residents 
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(m) Lighting (n) Exterior construction material 

Figure 15. Histograms showing change in whole-home energy consumption CVRMSE resulting 
from a change in the factors listed below each figure. The x-axis shows the change in 
CVRMSE, and the y-axis shows the number of homes in each bin. 

These results show that the CVRMSE between EnergyPlus simulations and actual consumption at the 
whole-home level is most sensitive to home floor area, condensing unit age and nameplate efficiency, 
building shell infiltration and heating and cooling setpoints. When these factors are changed in 
EnergyPlus from their actual value back to the PNNL prototype default value, CVRMSE changes by 
upwards of 40% in some homes.  

Results are slightly less sensitive to correcting for window area and attic insulation R-value, which 
change CVRMSE by over 20% in some cases. Building orientation, ceiling height, window frame 
material and number of panes, lighting power density, and exterior construction material change 
CVRMSE by over 10% each. Finally, changes in occupancy schedule and number of residents result 
in a change in CVRMSE of less than 10% in all cases. 

In these figures, a negative change in the error term – indicating that model accuracy improved when 
actual values were replaced with defaults – does not necessarily mean the default value is more 
accurate, or EnergyPlus is handling these values incorrectly. Instead, it reflects the fact that the 
baseline simulations do not match metered consumption. Most homes’ total energy consumption is 
overestimated, so any time these homes have an actual value replaced with a default that makes the 
EnergyPlus model more efficient, the error term will decrease. 

 

Conclusions 

A summary of simulation accuracy results, in annual relative error and hourly CVRMSE terms, is 
shown in Table 3. 

Table 3. Summary of model accuracies in terms of relative annual errors and hourly CVRMSEs. 

 Relative error (annual) CVRMSE (hourly) 

 Min Mean Max Min Mean Max 

Whole-home < 1% 55% 250% 41% 100% 360% 

AC condensing unit < 1% 70% 730% 65% 200% 1,400% 

Central air supply fan < 1% 110% 4,800% 50% 220% 6,600% 

Other 2% 74% 250% 44% 110% 270% 

 

These results show that EnergyPlus simulations of single-family homes, as has been reported in 
commercial buildings, do not consistently or accurately predict actual energy consumption at either 
the whole-home or device level when specified as described above. As with any model, the quality of 
inputs determines the quality of the result and more comprehensive energy audit records would allow 
for more accurate modeling of all systems.  

Despite the considerable extent to which the PNNL prototypes were modified with characteristics of 
the actual monitored homes, whole-home annual energy consumption was consistently 
overestimated, in many instances by more than 100%. When accuracy is measured by annual relative 
error, some models appear to be well calibrated as shown in Table 3. But when those same models’ 
accuracies are measured by hourly CVRMSE, none of the models meet ASHRAE’s tolerance of 30% 
CVRMSE. Much of this error can be attributed to the fact that the Pecan Street homes consume far 
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less electricity than average, and the PNNL prototypes were intended to model average code-
compliant homes. Any field that was not included in the energy audit records was not changed from 
the PNNL default, so the models simulated here still have many characteristics in common with the 
prototypes. 

At the device level, condensing unit energy consumption was generally overestimated. Central air 
supply fan energy is fairly accurately simulated, with the remainder of the whole-home overestimate 
coming from other end uses, including lighting and all non-HVAC loads. To better understand the 
source of these errors and how various home and occupant characteristics affect them, the sensitivity 
analysis conducted here identifies the factors that are most crucial to developing accurate models in 
the future.  

Finally, the modeling of these homes demonstrates the difficulty of generating accurate simulations, 
even when provided with considerable building and occupant characteristic data. The relative 
inaccuracy of the models developed here goes to show that many determinants of home energy 
consumption are not captured during a traditional energy audit and survey, and many more appliance 
stock, appliance use, and occupant behavioral characteristics are needed to generate accurate 
residential building simulations. 

Policy Discussion and Recommendations 

These results provide additional context for the growing use of EnergyPlus in single-family homes. 
Results here, and previous research in the commercial sector, show that simulations do not 
accurately estimate actual energy consumption in occupied buildings. There are too many variables 
affecting energy use in occupied homes that cannot be accurately included in building simulations. 
Simulation tools do likely provide a reasonable estimate of as-built building performance under default 
operational settings, device stocks, and occupancy and behavioral assumptions. But these tools 
should not be used to estimate or predict actual occupied building energy consumption. 

The DOE Building Energy Codes Program should consider the inaccuracies seen here and in 
previous research as their work continues to use EnergyPlus as a tool for evaluating future energy 
codes. The current method of simulating incremental changes to building codes and estimating 
energy savings and lifecycle costs can be a valuable tool. But the fact that simulations typically do not 
accurately predict actual energy consumption once homes are occupied means that these simulations 
should not be used to predict actual realized energy savings in future homes. 

Finally, details of RESNET’s EnergyPlus-based compliance tool have not yet been released, but it 
can be assumed that it will likely simulate a designed homes’ performance over a year, and compare 
that to some baseline code-compliant version of the same home. This would reflect a major transition 
to a systems-level approach to code compliance, as any whole-building simulation model would 
consider interactions between the building envelope, internal loads, and the heating and cooling 
systems. If this is the case, a set of assumptions and standard conditions will have to be established 
that fairly value the future occupants’ levels of efficiency, but that also limit the effects of model 
inaccuracies. Whole-building simulation can be a powerful decision-making tool, but care is needed to 
ensure that decision-makers are aware of their limitations, and not let the relative ease of simulating 
building energy performance get ahead of the capabilities of the tool. 
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Abstract 

The linear fluorescent lamp is the dominant lighting technology used in commercial and industrial 
buildings in the US. It also holds a significant share of the domestic sector lighting market. Current US 
Department of Energy (DOE) minimum energy performance standards (MEPS) for general service 
fluorescent lamps (GSFL) have prohibited the manufacture or importation of non-compliant lamps 
since July 14, 2012. More stringent energy efficiency requirements will come into effect on January 
26, 2018. The US MEPS apply to T12, T8 and T5 diameter GSFL of popular lengths. 

When DOE issued the current MEPS, it was expected that the less efficient T12 GSFL would be 
eliminated from the US market over the period of a few years. In 2012 more than 100 million T12 
GSFL were shipped in the US. As of the first quarter of 2017, almost five years after the US GSFL 
MEPS came into effect, T12 linear fluorescent lamps still made up over 13% of linear fluorescent 
lamps shipped in the US and T12 luminaires are still found in high concentrations, particularly in 
smaller commercial buildings and homes.  

 

These inefficient T12 lamps persist in the US market because 
under US law they are not GSFL and are not covered by the 
MEPS. The legal definition of GSFL in the US includes an 
exemption for “high CRI” T12 linear fluorescent lamps. In 2009, 
when the current MEPS were issued, such high CRI lamps were 
rare and expensive. In 2017, major manufacturers offer multiple 
models at relatively low prices and T12 lamps continue to be 
sold in high volumes. This paper explores the impacts of the 
high CRI exemption loophole on the US market for linear 
fluorescent lamps and the effectiveness of the US GSFL MEPS, 
and discusses potential remedies. 

 

 

Introduction 

Fluorescent lighting systems based on T12 (3.81 cm diameter) lamp technology were the dominant 
US fluorescent lighting technology starting with the broad implementation of fluorescent lighting in the 
US during World War II. T8 (2.54 cm) lamps started outselling T12s in the 2000’s and more recently, 
T5 (1.59 cm) lamps have reached about 9% of US annual fluorescent lamp shipments. Starting from 
zero market share in 2012, “T-LED” light emitting diode linear fluorescent lamp replacements account 
for over 15% of shipments of all linear fluorescent lamp products today (see Table 4 below)

1
. In its 

2010 Lighting Market Characterization Report, the DOE estimated that there were nearly 2.4 billion 
linear fluorescent lamps in use in the US. Linear fluorescent lamps also accounted for 10% of the 
electric lamps used in US homes.

2
 The Report also estimated that the total electricity consumed by 

linear fluorescent lighting annually in the US in 2010 was 294 Terawatt-hours (TWh), of which 121 
TWh (41%) was consumed by T12 lamp systems of all types.  

 

                                           
[1]

 National Electrical Manufacturers Association.  Linear Fluorescent Lamp Indexes Decrease in the First Quarter of 2017. 
http://www.nema.org/news/Pages/Linear-Fluorescent-Lamp-Indexes-Decrease-in-the-First-Quarter-of-2017.aspx  

[
2
] DOE. 2010 US Lighting Market Characterization. 2011. pg 39.   

https://energy.gov/eere/amo/downloads/2010-us-lighting-market-characterization 

Figure 16: Richmond Vermont 
January 2017 
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The first MEPS for linear fluorescent lamps in the US were established by the Energy Policy Act of 
1992. The current US GSFL MEPS,

3
 which were established by DOE in 2009, came into effect in on 

July 14, 2012 and prohibited the manufacture or importation of several less efficient types of GSFLs 
including, it was generally believed, T12 linear fluorescent lamps. Earlier amendments to the US 
fluorescent ballast MEPS effectively required all new T12 ballasts to be electronic starting in 2005.

4
  

The intended effect of the GSFL and fluorescent ballast MEPS was to accelerate the transition that 
was already taking place from common, but inefficient, magnetically ballasted T12 luminaires to more 
efficient lighting technology. When the current US GSFL MEPS came into effect in 2012 the 
expectation was that T12 lamps would exit the US market by around the end of 2014 (allowing for the 
sell-through of inventory as permitted by the GSFL MEPS).

5
   

However, as of First Quarter 2017, almost five years after the 2012 GSFL MEPS came into effect, 
both 4- and 8-foot (122 and 244 cm) T12 lamps continue to be widely available in the US

6
 (see Figure 

1). Most new linear fluorescent ballasts are electronic, but many magnetic T12 ballasts remain in use.  
As a result, the energy savings expected from the current US GSFL MEPS have been significantly 
reduced and the savings from future revisions to the MEPS may also be threatened.   

Lighting Technology Comparison 

T8, T5 and T-LED lighting systems are all more energy efficient than T12 luminaires. In addition to 
using relatively inefficient lamps, many T12 luminaires currently in use in the US were installed with 
mains frequency (60Hz at 120V) magnetic ballasts while most T8 and all T5 luminaires use electronic 
ballasts. Due to the continued availability of T12 lamps, inefficient, magnetically ballasted T12 
luminaires remain in use in all sectors of the US economy. T5 and T-LED systems offer comparable 
or superior savings to a T8 and replacing a magnetically ballasted T12 luminaire with a new T8 
lighting system

7
 will provide at least 45% energy savings (see Table 1). As discussed below, many 

T12 lighting systems in the US are found in small commercial applications which tend to have long 
operating hours, and the savings from conversion to T8, T5 or LED lighting can add up quickly.  

Table 4: T12 and T8 Lighting System Energy Use Comparison 

Lighting System Ballast Type Lumen Output Watts Lm/W 

T12 (2 F40 lamps) Magnetic, 60 Hz 5,000 88 56 

T8 (2 F28 lamps) Electronic, high frequency 5,000 49 102 

 

Due to these superior lifecycle economics, market forces are steadily moving US lighting consumers 
from T12 to more efficient lighting technologies. However, many owners of linear fluorescent 
luminaires in the US only consider changing lighting technology when replacing an entire luminaire, 
not purely for economic reasons or when only replacing a failed fluorescent lamp. With T12 systems, 
luminaire replacements are relatively infrequent. Magnetic ballasts for fluorescent lamp have rated 
lives on the order of 75,000 hours, which means they can last for decades in some applications. 

                                           
[
3
] https://www1.eere.energy.gov/buildings/appliance_standards/standards.aspx?productid=22 

[
4
] https://www1.eere.energy.gov/buildings/appliance_standards/standards.aspx?productid=3 

[
5]
 DOE. Preliminary Technical Document for GSFLs and IRLs, Chapter 9: Shipments Analysis, 2011. “While new production of 

T12 lamps appears unlikely under the 2012 lamp efficiency standards, because of their relatively long lifetimes and their 
large historical market share, they still constitute a significant fraction of the existing lighting stock.” 

[6]
 NEMA lamp index (see [1])  https://www.nema.org/news/Pages/Linear-Fluorescent-Lamp-Indexes-Decrease-in-the-First-

Quarter-of-2017.aspx 

[7] 
 Assumes that a new T8 lighting system using Fourth and Fifth Generation T8 lamps (as classified by the Consortium for 

Energy Efficiency. Such lamps are typically rated at 25-28 watts, and are rated at CRI from 82 to 86, up to 30,000 hours of life, 
and from 2,285 to 2,650 mean lumens. https://library.cee1.org/sites/default/files/.../Commercial_Lighting_Initiative_0708.pdf).  
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US Linear Fluorescent Lamp Market 

Because the fluorescent lamp is the shortest-lived component in a linear fluorescent luminaire, the 
GSFL and fluorescent ballast MEPS discussed above should have created conditions where failed 
T12 lamps lead directly to luminaire replacements. By 2014, lighting consumers should have been 
unable to purchase a T12 replacement lamps, significantly accelerating the rate of replacement of 
magnetically ballasted T12 luminaires with more efficient technologies. The evidence suggests that 
this accelerated replacement has not taken place and that T12 lamps persist in the US market. 

The 2010 US Lighting Market Characterization study discussed above contains the most recent 
national estimates of installed linear fluorescent lamp technology by type, but for more recent insights 
into changes in the installed lighting technology it is necessary to compile information from market 
studies conducted at the US state and local levels. A market study in Colorado in 2016

8
 found that 

while bigger commercial buildings in the study area had converted to T8 lighting, that T12 technology 
still provided the majority of fluorescent lighting in commercial buildings of less than 10,000 square 
feet (929 square meters). The Colorado study also found that “the individual saturations of T12, T8, 
T5, and T8 premium lighting in percentage of square footage served by that technology did not shift a 
statistically significant amount between 2005 and 2015.” Other studies in Ohio

9
 and New York City

10
 

suggest a similar persistence of T12 lighting in smaller commercial buildings. Conversely, lighting 
inventory studies from Massachusetts

11
 and the Pacific Northwest

12
 suggest that T12 lighting is being 

replaced, possibly because large, active commercial sector energy efficiency programmes provide 
financial incentives to businesses for the replacement T12 luminaires in those regions. 

This continued persistence of T12 technology is consistent with what we would expect when lighting 
consumers make decisions about technology without an effective GSFL MEPS. Large commercial 
buildings are more likely to have professional energy managers and are more likely to be able to 
calculate the lifecycle benefits, and to finance the costs, of more efficient lighting technology, than 
smaller commercial buildings and residences. When a T12 lamp fails, small commercial and 
residential lighting consumers simply compare the cost of replacing the failed lamp with a high CRI 
T12 lamp against the significantly higher cost of replacing the entire T12 luminaire with a new T8, T5 
or LED luminaire, failing to calculate the lifecycle benefits. This and other market failures can 
significantly delay the replacement of inefficient with more efficient lighting technology unless a MEPS 
or other regulation removes the inefficient products from the market. 

Loophole in US GSFL MEPS 

The effectiveness of the US GSFL MEPS appears to have been compromised by a loophole in the 
regulation. The definition for general service fluorescent lamp (GSFL) contained in the enabling 
legislation for the US GSFL MEPS exempts linear fluorescent lamps with a colour rendering index 
(CRI) of 87 or greater.

13
 When the current US GSFL MEPS were issued in 2009, such “high CRI” 

GSFLs were rare and expensive. Today all major fluorescent lamp manufacturers serving the US 
market offer T12 lamps rated above 87 CRI that are exempt from the GSFL MEPS.  

                                           
[8] 

 Cadmus Consulting. Colorado Lighting Market Study. for Xcel Energy, January 14, 2016 “As the overwhelming majority of 
business customers cite cost and lack of capital as significant barriers to making energy-efficiency upgrades, the EISA loophole 
that allows certain T12 technologies to continue to be sold has limited the changeover to T8s and will likely continue to limit it in 
the near future.” 
[9] 

 Cadmus Consulting. 2014 Evaluation, Measurement, and Verification Report. for Dayton Power and Light, May 12, 2015. 
Cadmus interviewed 70 businesses across a range of industries and facility sizes who had not participated in a Dayton Power 
and Light commercial energy efficiency programme to determine the saturation of T12 light fixtures. “When asked what 
percentage of their fluorescent lighting T12 lamps made up, one-third said almost all lighting and nearly one-half said at least 
71%. Twenty-six percent of overall respondents said none of their fluorescent lamps were T12s.” (pg 98) 
[10] 

 Leigh, Richard et. al. Benchmarking and Audit Data Inform Building Science. Proceedings of the 2016 ACEEE Summer 
Study on Energy Efficiency in Buildings. “The multifamily sector has the largest opportunity to save energy through lighting 
improvements, with 40 percent of the sector lit by low-efficiency T-12 fluorescent lamps and incandescents. These low-
efficiency lamps serve more than half the area of low-rise multifamily buildings.” (pg 6) 
[11]

  DNV GL. T12 Phaseout Market Research Final Report, and Massachusetts C&I Market Characterization On-Site 
Assessments and Market Share and Sales Trends Study, October 2014 and November 2016 respectively. Available at 
http://ma-eeac.org/studies/commercial-and-industrial-studies/. The MA C&I Market Characterization study found that T12 lamps 
made up 12% of linear technologies in Massachusetts businesses, and were still present in 54% of businesses in 2014, T12 
lamp purchases from 2009-2015 represent less than 1% of recent linear lamp purchases. 
[12]

  Northwest Energy Efficiency Alliance. Annual Lighting Survey of Northwest Electrical Distributors 2015, September 2016. 
“LFLs (linear fluorescent lamps) remain the dominant commercial lighting technology, but 2015 continued a steady decline in 
LFL sales. LFL categories with low efficacies, such as 700 series T8s and four-foot T12s, showed the sharpest decline….”.(pg 
5) 
[13] 

 US Code of Federal Regulations Title 10, Chapter II, Subchapter D, Part 430.2 

http://ma-eeac.org/studies/commercial-and-industrial-studies/
http://www.ecfr.gov/cgi-bin/text-idx?gp=&SID=9724c7c56200671e3b059099551326ec&mc=true&tpl=/ecfrbrowse/Title10/10tab_02.tpl
http://www.ecfr.gov/cgi-bin/text-idx?gp=&SID=9724c7c56200671e3b059099551326ec&mc=true&tpl=/ecfrbrowse/Title10/10chapterII.tpl
http://www.ecfr.gov/cgi-bin/text-idx?gp=&SID=9724c7c56200671e3b059099551326ec&mc=true&tpl=/ecfrbrowse/Title10/10CIIsubchapD.tpl
http://www.ecfr.gov/cgi-bin/retrieveECFR?gp=&SID=9724c7c56200671e3b059099551326ec&mc=true&n=pt10.3.430&r=PART&ty=HTML
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These exempt, high CRI T12 lamps are usually more expensive than normal CRI T12 lamps were 
prior to 2012, but the exempt T12 lamps are no more energy efficient, as shown in Table 2. 

Table 5. Sample of T12 Linear Fluorescent Lamps Available on US Market (2017) 

Brand 
Identifier CRI Efficacy

1 

(lumens per 
Watt) 

Internet Price
2
 

(July 29, 2017) 

Philips F40T12/DX/ALTO 90 58.1 US$ 2.02 

Sylvania F40T12/DX 88 54.5 US$ 3.05 

GE F40C50/ECO 90 56.3 US$ 5.35 

1.
 Calculated as rated watts over rated mean lumen output 

2.
 Price per lamp when purchased in a case of either 25 or 30 lamps 

Assumptions and Market Modeling 

To assess the impact of the high CRI loophole in the US GSFL MEPS we developed estimates of 
annual shipments of different types of T12 linear fluorescent lamps in the rapidly changing US lighting 
market.  

Table 3. Installed Base of T12 lamps by Sector
14

 

Market Sector 
T12 lamps in use 2010 T12 Share of all linear 

fluorescent lamps 

Residential 368 million 84% 

C&I 561 million 31% 

Total 929 milllion 39% 

 

We estimated future shipments based on estimates developed by the DOE as part of the 2015 
analysis prepared in support of the most recent revisions to the US GSFL MEPS, which will come into 
effect in 2018.

15
 We also incorporated linear fluorescent lamp and T-LED market share data reported 

by the National Electrical Manufacturers Association (NEMA), the industry organization for the US 
lighting industry

16
.  

Table 4. NEMA GSFL US Market Share by Lamp Type
17

 

Lamp Type 
Market Share of GSFLs Shipped 
(Q1 2017) 

T12 13.1% 

T8 62.4% 

T5 9.2% 

TLED 15.3% 

 

                                           
[14]

  https://www.nema.org/news/Pages/Linear-Fluorescent-Lamp-Indexes-Decrease-in-the-First-Quarter-of-2017.aspx 
[15] 

 DOE. Final Rule Technical Support Document Energy Conservation Program for Consumer Products and Certain 
Commercial and Industrial Equipment: General Service Fluorescent Lamps and Incandescent Reflector Lamps, December 
2014 
16

 The analysis presented in this paper incorporated NEMA data on the market share of different linear fluorescent lamp types 
available through Q3 2016. Shortly before publication NEMA released the market share data for Q1 2017 shown in Table 
4. 

[17]
  https://www.nema.org/news/Pages/Linear-Fluorescent-Lamp-Indexes-Decrease-in-the-First-Quarter-of-2017.aspx 
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NEMA does not publicly report information on absolute shipments of GSFLs, but does generate a 
lamp shipment index that suggests declining sales of all types of linear fluorescent lamps and 
increasing shipments of T-LEDs in recent years. (We note that for both its market share estimates and 
indices that NEMA only compiles data provided by its members and NEMA’s reports may therefore be 
biased with regards to market trends. DOE’s lighting market analyses are also based on NEMA data, 
but DOE typically uses additional market research to extrapolate from NEMA data when calculating 
total US lighting market trends.) 

We estimated total US T12 shipments in 2016 based on DOE’s projection of total GSFL shipments 
and the NEMA breakdown of linear fluorescent lamp shipments into the US market by technology type 
(T12s, T8s, T5s, and T-LEDs). We then calculated average annual declines in T12 shipments from 
2001-2011 within each linear fluorescent lamp category using the historical shipment data for 2001 
and 2011 in order to estimate the breakdown of T12 shipments by lamp category for 2012-2016.  

Table 5: GSFL Assumptions for Analysis  

GSFLs by Watt Consumption 
Base case (W) Standards case (W) 

Residential 4 foot MBP 49.0 24.5 

Commercial 4 foot MBP 49.0 24.5 

Commercial 8 foot slimline 95.0 75.3 

Commercial 8 foot High Output 129.0 88.0 

 

We estimated lamp shipments by category for the years 2012-2016 based on estimates of total T12 
shipments and the estimated breakdown by lamp category. Finally, we projected annual T12 
shipments from 2017-2035 for each lamp category assuming the average rates of decline from 2011-
2016 would continue. 

This analysis assumes that sales of all GSFLs and high CRI T12s are declining as the result of 
growing sales of LED lighting products. This implies that the T12 GSFL MEPS loophole will eventually 
resolve itself when the US linear fluorescent market is eventually replaced by LED technology. 
However, there are significant economic and environmental costs to the continued persistence of 
inefficient T12 products in the US market, and a delayed transition to more efficient technology.  

Figure 5 shows our assumptions for base case wattages for T12 lamp systems by lamp category 
along with assumed wattages for lamp systems meeting the DOE MEPS. 

Estimating the Impact of the US GSFL MEPS Loophole  

DOE’s GSFL MEPS final rule was issued on July 14, 2009 and became effective on July 14, 2012. 
Had this MEPS functioned as expected, projected shipments of T12s in the US would have looked 
similar to Figure 2. US shipments of all linear fluorescent lamps were already declining by 2012 and 
the 2012 GSFL MEPS prohibited the manufacture or importation of inefficient GSFLs and would have 
curtailed all T12 shipments in a few years. The departure of T12s from the market would have caused 
a temporary increase in T8 and T5 shipments, but these GSFLs would then have resumed a steady 
decline by 2016 as T-LEDs and dedicated LED luminaires claim a greater and greater share of the 
market.  
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Figure 2: US Annual GSFL Shipments – No Loophole Case 

 

When the US GSFL MEPS came into effect in 2012, it was expected to yield the most energy savings 
of any MEPS issued by the US DOE up to that point. DOE estimated that it would save about 410 
Terawatt-hours (TWh) of electricity from 2012 - 2030 and avoid the emissions of about 190 million 
metric tonnes of CO2.

18
 DOE’s analysis for the revised GSFL MEPS scheduled to come into effect in 

2018 estimates an additional 260 TWh in savings from products sold from 2018 – 2047 and an 
additional 160 million metric tonnes of avoided CO2 emissions.

19
  

Figure 3: US Annual GSFL Shipments – Base Case 

 

Based on available market data, our analysis assumes that the expected T12 elimination effect of the 
2012 US GSFL MEPS was rendered completely ineffective by the high CRI linear fluorescent lamp 
loophole. Despite the loophole, the GSFL MEPS are saving energy by causing T8 manufacturers and 
consumers to move more quickly to more efficient T8 lamps than they otherwise might have. 
However, high CRI T12 lamps are subject to no efficiency standards and may be even less efficacious 
than the “normal CRI” T12 GSFLs that they replaced in the market due to the GSFL MEPS. Figure 3 

                                           
[18]

  Appliance Standards Awareness Project. Appliance Standards Questions and Answers: Progress Toward 3 Billion MT CO2 
Reduction, June 2016. https://appliance-
standards.org/sites/default/files/Progress_toward_3_billion_CO2_reduction_June_2016_0.pdf 
[19]

  DOE. Final Rule Technical Support Document Energy Conservation Program for Consumer Products and Certain 
Commercial and Industrial Equipment: General Service Fluorescent Lamps and Incandescent Reflector Lamps. Chapter 14, 
Emissions Impact Analysis. December 2014.  
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projects US linear fluorescent lamp shipments assuming that the high CRI loophole in the US GSFL 
MEPS persists into the future.

20
  Unless the loophole is repaired, tens of millions of T12 lamps will 

continue to be shipped annually in the US for many years. 

While the negative effects of the high CRI loophole are most evident in the persistence of T12 lamps, 
the negative effects of the loophole on the energy consumption of US linear fluorescent lamps may 
not be limited to T12s. New US GSFL MEPS will take effect on January 26, 2018 (see Appendix A) 
and apply to all GSFL technologies (T12, T8 and T5). These new efficacy requirements will require 
GSFLs to become both more energy efficient, and possible also more expensive. GSFL 
manufacturers may respond to the update by offering high CRI, exempt T8 and T5 linear fluorescent 
lamps just as they currently offer exempt, high CRI T12 products.  

Unlike the 2012 GSFL MEPS, the 2018 GSFL MEPS are not intended to accelerate a change in 
lighting technology by forcing luminaire replacements. Consumers will usually be able to install new 
GSFL lamps that comply with the new GSFL MEPS in existing luminaires. Therefore, an exempt, high 
CRI T8 linear fluorescent lamp must be significantly cheaper than a T8 GSFL before it becomes an 
attractive alternative in the market. Inefficient, high CRI T8 lamps are available in the US now, and 
prices are coming down. For example, Sylvania offers a 32 W T8 lamp rated at 90 CRI and 2,250 
mean lumens,

21
 giving a calculated efficacy of 70.3 lumens per watt - significantly below both the 

2012 and 2018 GSFL MEPS requirements. As of Q1 2017, T8 and T5 lamps together account for 
more than 71% of the US linear fluorescent lamp market, while only about 13% is still claimed by T12 
lamps (see Table 4). The larger volumes of T8 and T5 lamps will amplify the effects of loophole 
versions of these products. This analysis did not attempt to quantify such potential effects on energy 
consumption. 

Remedies 

The high CRI loophole in the US GSFL MEPS is difficult to address because linear fluorescent lamps 
with CRI >87 are exempted from the statutory definition of GSFL. Because the exemption is part of 
law, rather than a regulation, DOE cannot change it directly. The US Congress could pass new 
legislation to change the GSFL definition and eliminate the high CRI exemption but, given the current 
political environment at the federal level in the US, this may not happen any time soon. 

However, all 50 US states also have the ability to set state-level MEPS for products sold within their 
borders, and many US federal MEPS originally began as state MEPS. Under US law, when a new 
federal MEPS is put in place it preempts state MEPS that cover the same products. Federal 
preemption has given industry an important reason to support federal MEPS as a way to avoid a 
patchwork of US states with either no MEPS or differing MEPS. Because high CRI linear fluorescent 
lamps are exempt from the definition of GSFL at the federal level, they are not preempted from 
regulation at the state level and states may set MEPS for them. If several populous states issue 
MEPS for high CRI lamps, manufacturers may respond by no longer offering them in the US. 

ASAP Model Standard 

The Appliance Standards Awareness Project (ASAP) advocates for energy efficiency standards at 
both the federal and state levels in the US. Every year ASAP produces model state MEPS legislation 
for products that have no federal MEPS. The 2017 model state legislation includes an energy 
efficiency standard for high CRI linear fluorescent lamps that would require them to meet the same 
efficacy requirements as GSFLs under the current federal GSFL MEPS. New state legislation often 
takes several years to pass and as of this writing no US state has adopted a state-level MEPS for 
high CRI fluorescent lamps. However, Vermont

22
 is considering a bill based ASAP’s model legislation 

and ASAP is working with Massachusetts, Rhode Island and other states to bring similar legislation 
forward. 

                                           
[20]

  In the US, the GSFL MEPS is the only regulation significantly affecting the availability of linear fluorescent lamps. The 
Minimata Convention will limit mercury content for most GSFLs to 5 mg starting in 2020, but most products already meet this 
limit.  
[21]

  Sylvania FO32/V35/ECO 32W T8, internet price from multiple vendors on July 29, 2017 less than US$ 2.00 per lamp. 
[22]

  http://legislature.vermont.gov/bill/status/2018/H.410 
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Figure 17: US Annual GSFL Shipments - ASAP State Standards Case 

 

This analysis assumes that the soonest a MEPS for high CRI fluorescent lamps could come into effect 
for enough US states to start affecting the availability of high CRI T12 lamps would be the beginning 
of 2020. Figure 4 assumes that the manufacturing and importation of T12 lamps would stop in 2020. 
This analysis suggests that if potential state MEPS accelerate the decline of T12 lamps in the US 
market starting in 2020, that the more efficacious linear lighting products can still save 130 billion kWh 
and avoid the emission of 55 million metric tonnes of CO2 from electricity generation through 2035.

23
  

Lessons Learned and Conclusions  

When developing a MEPS it is very difficult to project technical innovation or industry’s ability to 
respond to a market opportunity. Government and energy efficiency advocates are at a disadvantage 
because industry always has access to more resources, and superior data on markets and 
technology. Both during development, but also once a MEPS has come into effect, advocates should 
access all available sources of information on the market impacts of a MEPS, working with other 
stakeholders to collect market data and catch loopholes as soon as they develop so that 
countermeasures may be pursued. For example, high CRI T12 lamps were being reported as 
replacements for normal CRI T12 lamps as early as 2013 in market research done by US energy 
efficiency programmes.

24
  

During the GSFL MEPs rulemaking, the technical barriers to a low-cost, high CRI, exempt T12 lamp 
may have seemed insurmountable, making the exemption of high-cost, low volume, high CRI T12s 
unimportant. Our analysis suggests that this exemption grew into a significant loophole that undercut 
the effectiveness of an important US MEPS. Advocates are working to close this loophole, but a 
significant amount of the expected energy and carbon emissions savings opportunity in the US linear 
fluorescent lighting market has been lost.  
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  Mauer, Joanna et. al., States Go First: How States Can Save Consumers Money, Reduce Energy and Water Waste, and 
Protect the Environment with New Appliance Standards. Appliance Standards Awareness Project, Summer 2017. 

[24]
  T12 Phaseout Market Research, DNV GL for the Masschusetts Energy Efficiency Advisory Council, October 31, 2014. (on 

research conducted in 2013 and 2014) “We asked the three distributors who said that they were selling T12 lamps that 
complied with the new standard what characteristics of the T12 lamps they were selling allowed them to comply with or be 
exempt from the federal rules. Two of the three said that their T12 lamps had a higher CRI. These responses correspond with 
what we found in our February 2014 literature review memorandum – that many manufacturers were using a higher CRI as the 
easiest way to make their T12 lamps compliant.” (pg 29) 



 

38 
 

Appendix A: 

US federal minimum efficiency standards for general service fluorescent lamps 

 

Lamp type Correlated color 
temperature 

7/14/2012 Min. 
average lamp 
efficacy lm/W 

1/26/2018 Min. 
average lamp 
efficacy lm/W 

4-foot medium bipin 
≤4,500K 

>4,500K and ≤7,000K 
89.0 
88.0 

92.4 
88.7 

2-foot U-shaped 
≤4,500K 

>4,500K and ≤7,000K 
84.0 
81.0 

85.0 
83.3 

8-foot slimline 
≤4,500K 

>4,500K and ≤7,000K 
97.0 
93.0 

97.0 
93.0 

8-foot high output 
≤4,500K 

>4,500K and ≤7,000K 
92.0 
88.0 

92.0 
88.0 

4-foot miniature bipin standard output 
≤4,500K 

>4,500K and ≤7,000K 
86.0 
81.0 

95.0 
89.3 

4-foot miniature bipin high output 
≤4,500K 

>4,500K and ≤7,000K 
76.0 
72.0 

82.7 
76.9 

 

T12 lamps are not able to meet either the 2012 or 2018 minimum efficiency requirements. The 2012 
MEPS were intended to eliminate T12 lamps from the market. The 2018 MEPS are intended to 
eliminate first – third generation T8 lamps from the market. The high CRI lamp exemption to the US 
GSL MEPS has allowed T12 lamps to persist, and may also allow less efficient T8 persist, in the US 
market. 
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Abstract 

Energy labelling for refrigerators in Australia has been in force for over 30 years. It is well documented 
that the energy consumption of new refrigerators and freezers, as reported on the energy label, has 
fallen dramatically over that period. Field data for household refrigerators in the home is very complex 
and difficult to interpret. Appliances operate in an environment of constantly fluctuating temperature 
and significant and somewhat random interactions by householders through door openings and the 
placement of food and drinks to be cooled. 

This paper analyses in depth the results of 21 refrigerator replacements that have occurred in Victoria 
and NSW over the past four years. Seven of the replacements were part of a Victorian State 
Government retrofit program while a further 14 appliances were replaced during routine monitoring by 
the author as part of his PhD field work at the University of Melbourne. The study is unique as high 
quality energy and temperature data in houses is broken down into 4 key components: temperature 
driven energy consumption, energy consumption from user interactions, base defrosting requirements 
and user driven defrosting requirements. This approach allows the old and new appliances to be 
simulated and directly compared under identical operating conditions to give an accurate assessment 
of energy savings. 

The results are impressive, with average energy reductions from replacements of 60%, ranging from 
45% to more than 80%. The energy label was not an accurate predictor of energy consumption during 
normal use. However, the old and new energy label seemed to be a good predictor of relative energy 
savings in each house. 

Introduction 

Energy labelling of refrigerators commenced in New South Wales and Victoria in Australia in 1986, 
more than 30 years ago. Since its introduction, the energy consumption declared on the energy label 
has fallen dramatically for all types of refrigerating appliances. Since 1993, the Australian Government 
has purchased retail sales data from GfK Marketing, which has been analyzed to track sales weighted 
trends over time, with key data presented at EEDAL 2017 [1]. The average sales weighted energy 
consumption of all new refrigerators and refrigerator-freezers has decreased 41.4% from 
772 kWh/year on the label in 1993 to 453 kWh/year in 2014 [2]. This represents a 2.5% decline in 
energy per year over a 22 year period. This is despite a 22% increase in average volume over the 
same period. These decreases in energy appear to be common across many countries [3]. 

Despite the availability of excellent data on the characteristics of new products sold in Australia, 
surprisingly few studies have investigated or assessed the difference between the label energy 
consumption, which is measured in a hot room (32°C) with no user interactions, and the energy 
consumption measured during normal use in the home. The primary purpose of energy labelling is to 
facilitate consumer choice of lower energy appliances at the time of purchase. While it appears that 
energy labelling is reasonably effective at providing approximate comparative energy data, it does not 
give a very accurate indication of energy operating costs, which are now a key consideration. The 
concern is also that the test method encourages optimization of designs and performance under the 
test method, which does not necessarily result in optimized energy consumption during normal use. 

One study by Choice in 1990 measured the energy in a lab and then in the home for two years on 
eight appliances [4]. This study showed that the energy consumed in the home was usually somewhat 
different to the laboratory (usually lower) and it appeared to be influenced by a range of factors such 
as household size and product type. Until recently, no other published local studies compared in-use 
measurements with the energy label value for individual appliances. Climates in Australia are highly 
variable, ranging from tropical climates like Cairns and Darwin in the North, to cool temperate climates 
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like Victoria and Tasmania in the South. An assessment of normal use would need to take into 
account climate and a other factors such as household size. 

In 2014 and 2015 Sustainability Victoria (SV) undertook a program of targeted refrigerator 
replacements in seven homes in Melbourne. Households with older refrigerating appliances were 
recruited and these old appliances were replaced with new appliances that were close to the most 
efficient on the market. The appliances in each house were monitored for about six weeks before 
replacement and a further six to eight weeks after replacement. As part of his PhD research at The 
University of Melbourne, the author has monitored some 300 appliances in households in selected 
regions of Australia, typically for periods from six to 12 months. As part of this large sample, 14 of 
these sites replaced the refrigeration appliance during monitoring, allowing a comparison of energy 
consumption between old and new appliances in the same household. Unlike the Sustainability 
Victoria replacements, these routine replacements were undirected by the researcher and in most 
cases the householder selected the product using their own selection criteria. The periods monitored 
before replacement also varied considerably, ranging from a week to a year. 

Method 

Energy consumption of refrigeration appliances in the residential sector is notoriously complex and 
field data collected in homes can be very difficult to interpret. Refrigerators are an appliance where 
the energy consumption is substantially influenced by changes in room temperature. This is in fact the 
most significant component of energy consumption. Most houses in Australia exhibit significant 
seasonal changes in indoor temperatures over the year. There are also changes in temperature from 
day to day and also by time of day, depending on weather and the operation of space conditioning 
equipment. This may be in contrast to Europe and North America where indoor temperatures may be 
more constant for extended periods because more houses are conditioned for longer periods. A 
second factor is that user interactions induce significant additional energy consumption in refrigerating 
appliances. While this interaction does appear to have some broad patterns in terms of seasonality, in 
general terms, user interactions are highly variable from day to day. 

It is critical to collect high quality energy data in the field in order to disaggregate the energy 
consumption into its key components. Generally this requires energy data at one minute intervals (or 
equivalent) to allow the characteristics of each compressor cycle to be determined and to separate 
defrost and recovery events (where present). Associated room temperature data is also required. A 
report published by Sustainability Victoria [5] includes details of a new method developed by the 
author as part of his PhD research at The University of Melbourne to disaggregate refrigerator energy 
consumption into its components. The key elements of energy consumption, in order of their 
magnitude in a typical appliance, as quantified from analysis, are: 

 Energy consumption driven by room temperature 

 Energy consumption induced by user interactions such as door openings and the insertion of 
food loads 

 Defrosting energy, which itself can be split into a base defrosting requirement with little or no 
user interaction and additional defrosting energy induced by user interactions 

 Energy consumed by heaters that are varied by changes in room temperature conditions and 
user interactions. 

Once the energy data has been disaggregated into these components, it is then possible to assess 
the changes in these components over a typical year to estimate the likely energy consumption in that 
home, even where the monitoring period is relatively short. A comprehensive analysis by Harrington 
[6] has developed a model of indoor temperatures in homes based on outdoor temperatures. This 
used data from 273 sites in climates ranging from Gippsland and Melbourne in the South to Cairns in 
the North. The model was corroborated with data from CSIRO from 438 sites in Brisbane, Adelaide 
and Melbourne [7], noting that these were all newer homes. 

Review of many sites where data is available for long periods shows that energy induced by user 
interactions has been found to be quite seasonal in nature with the summer usage typically around 
1.8 to 2.4 times the average winter usage [5]. This is of course somewhat dependent on household 
absences, which can occur at any time of the year, but appear to be quite common in summer 
(especially December and January during the holiday season). User interactions typically account for 
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5% to 35% of total energy consumption, with a figure of 15% to 20% being fairly typical for a main 
refrigerator. 

The majority of products in the stock of installed products in Australia now have some sort of 
automatic defrost system [2]. In terms of defrost control system, there are two main types. For older 
products, defrost intervals are controlled by a run-time controller, which initiates a defrost after a set 
amount of compressor running

25
. Typical values range from 5 hours to 12 hours, with 8 hours being 

fairly typical. Newer products tend to have variable defrost controllers. These use a range of 
parameters in addition to compressor run time (such as door openings, room temperature and defrost 
heater on time) to continually adjust and optimize the defrost interval using a computer algorithm. 
Overall defrost energy tends to be of the order of 10% of total energy consumption (ranges from 5% 
to 15%). 

Another issue to bear in mind is equivalence of the new and old appliances in the replacement 
process. For the SV replacements, the old and new appliances were mostly equivalent (similar size 
and function). One SV house downsized from a refrigerator-freezer and a separate freezer to a single 
refrigerator-freezer. The other replacements were mostly equivalent, but in a few cases the new 
appliance was a bit larger and in one case the new appliance was smaller. Sometimes the type of 
appliance was changed, so this can also affect the energy consumption and therefore energy savings. 
These issues are covered in more detail in the full report [5]. 

Response to changes in room temperature 

Room air temperature is a critical parameter when estimating the energy consumption of a 
refrigerating appliance. When operating in equilibrium conditions (stable internal and external 
temperatures, no usage) almost all refrigerating appliances exhibit a regular and predictable pattern of 
compressor cycles. When analysed over whole compressor cycles (or across a repeating pattern of 
compressor cycles), this data provides a consistent average power consumption that is characteristic 
of the specific appliance in that room air temperature. In a laboratory, it is possible to plot changes in 
the energy consumption (or steady state power consumption) as a function of room temperature. 
However, in a household, the room air temperature is continually changing and there is ongoing 
random user interaction with the appliance. To overcome this problem, the room temperature versus 
the average power per compressor cycle can be plotted as illustrated in Figure 1. The lower edge of 
this scatter chart, as depicted by the red line, can be taken as the characteristic power consumption of 
the appliance in a given room temperature. Points that lie well above the line will include additional 
energy induced by user interactions. 

Changes in compartment temperatures 

While changes in compartment temperatures can have some impact on the energy consumption of a 
refrigerator or freezer (up to several percent) [8], these impacts are not explicitly separated in the data 
analysis, but they are taken into account. When users change the control settings in the fresh food 
compartment (most commonly) or freezer (less commonly), this in effect will change the lower edge of 
the steady state cloud shown in Figure 1. 

It is evident from Figure 2 that the ambient temperature is the main driver of energy consumption. 
Conceptually, the blue line should never fall below the red dashed line, as this represents the 
minimum power that the appliance is expected to use at the ambient temperature that occurred during 
each compressor cycle. The red dashed line and blue line should coincide from time to time where the 
appliance fully recovers from user interactions and reverts back to steady state operation. This often 
occurs overnight, but some larger user loads (like warm food and drink) can take up to 16 hours to 
fully cool, so on some days blue line may always lie above the red dashed line for extended periods, 
particularly in warmer months. If there are extended periods where the blue line falls below the red 
dashed line or where there is always a significant gap where the blue line sits well above the red 
dashed line, then this suggests that the user may have changed the temperature control setting. It is 
possible to adjust the model power curve up or down by a few watts to compensate for different user 
control settings throughout the monitoring period. This adjustment, while small, is somewhat visual in 
nature. This effectively creates a family of model curves, one of each control setting throughout the 
monitoring period. 
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 Depending on the product configuration, the run time may also include the maximum defrost heater on time as well. 
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Figure 1: Scatter chart of room temperature versus compressor power for each compressor 
cycle over nine months for a single refrigerator, unit ID RF0175, Brisbane 

 

The curve depicting the ambient temperature response for the appliance (red dotted line in Figure 2) 
is only required so that energy associated with user interactions can be separated from energy 
associated with the changes in ambient temperature in the room. This is quite important to 
understand over the long term when examining seasonal effects. However, small errors in individual 
compressor cycles are not that significant as the approach is apportioning a share of the energy into 
each of these elements – the total energy remains is defined by the measured value. 

Surveys of a large number of householders suggests that most users only change compartment 
temperature control settings infrequently, if ever. User survey data suggests that most temperature 
control changes are for fresh food compartments in refrigerator-freezers and laboratory data shows 
that these changes only have a small energy impact (around 1% to 2% per degree K) [8]. Given the 
narrow range of acceptable temperatures in the fresh food compartment, overall energy impacts of 
these control changes will be very modest. Details are set out in the full report [5]. 

Defrosting behaviour 

The defrosting process typically involves stopping the refrigeration unit, activating a heater in the 
evaporator to melt frost and then reactivation of the refrigeration unit to bring the refrigerating 
appliance back to normal compartment temperatures. Typically, the defrosting of the evaporator takes 
20 min to 30 min and recovery, once the compressor resumes operation, can take an additional hour 
or more where there are low levels of user interaction. If the irregular compressor cycle prior to 
defrosting is also included, the whole process with low levels of user interaction takes typically around 
three hours in total, but this can vary by model. It is likely to be longer in hotter climates and could be 
shorter in cooler climates. 

Where a defrost system is present, review of field monitoring can readily determine the defrost 
controller type, which is a critical characteristic. Run-time controllers defrost after a fixed amount of 
compressor on-time and the run-time for each unit can easily be quantified from field data. The base 
defrost requirement is determined from the estimated steady state operation for the given room 
temperature profile. This provides an accurate basis for predicting defrost intervals under a wide 
range of operating conditions for run-time controllers. Variable defrost controllers tend to show 
stronger seasonal variations in defrost intervals in most cases. They also tend to be more “efficient” 
as they can use fuzzy logic and learning to continually adjust the schedule for the next defrost to keep 
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the defrost heater on time within an optimal time window. The base defrost energy for modelling is 
estimated from the longest observed defrost interval during monitoring (typically 40 to 90 hours, 
depending on the product). All additional defrosting energy during normal use is allocated to user 
driven defrost. 

Development of the new global International Electrotechnical Commission (IEC) test method for 
refrigerators IEC62552-3 [9] includes a methodology for assessing the incremental defrost and 
recovery energy for each defrost. This value is highly stable and in effect is a measure of the 
additional energy over and above the steady state power that is consumed during a defrost and 
recovery. Detailed work during the development of the IEC test method found that the incremental 
defrost and recovery energy can be accurately estimated as the defrost heater energy plus a fixed 
energy adder, which is characteristic of the product [10].Examining the cycle before the defrost heater 
and after the defrost heater, it is possible to obtain and estimate of the fixed adder for each product 
from field data measured over a long period (at least 100 defrosts). This provides a value that is 
comparable to laboratory measurements. Details are set out in the main report [5]. 

Defrosting behaviour in the home is considerably more complex than in a laboratory, as there is 
continual user interaction with the appliance and continuous changes in room temperature. As the 
incremental energy for each defrost and recovery is fairly fixed, the main way an appliance can adjust 
to the amount of defrosting required in different operating conditions is through shortening or 
lengthening the defrost interval. Establishing defrost intervals in normal use for variable defrost 
controllers can only be determined from field measurements. These products tend to have 
inordinately long defrost intervals in laboratory conditions when there is no interaction. While this is 
not circumvention, it is an important consideration when using laboratory data to estimate energy 
consumption during normal use for these types of products.  

An important finding from field monitoring of newly installed appliances was that the defrost heater 
energy was initially very low (about half of the stable long term value) and it took around 5 to 10 
defrost and recovery events to reach a stable value, which may take more than a week in the home. 
This is of low importance for field measurements (which typically cover hundreds of defrost events) as 
appliances are rarely stopped for an extended period. However, it is a critical consideration for 
laboratory measurements, where energy tests on new products are typically performed and 
measurements may start after just a few defrosts. This may give a very low reading for the 
incremental defrost and recovery energy and currently IEC62552-3 does not mandate any procedure 
to ensure that this value has reached a stable value (which may take several weeks in a laboratory 
from new) or that it is representative. This low initial energy for defrosting when the appliance is new 
appears to be caused by a dry evaporator during initial operation. A comparison of the same models 
in the laboratory and in the field found that defrost heater energy was typically 20% lower in the 
laboratory, even after the heater energy had stabilized in the test laboratory. 

Auxiliaries and heaters 

Ironically, many refrigerators contain small heaters that perform specific functions. These of course 
consume energy and make the products appear less efficient, but they are required in order to 
maintain temperatures or stop external condensation. The main types of heaters that vary their 
operation under different room temperature conditions are: 

 Ambient compensation heaters 

 Ambient controlled anti-condensation heaters. 

Other types of heaters may be present, but the energy impact of these is included in the temperature 
energy curve. Ambient compensation heaters are small heaters (typically 1W to 4W) that are 
activated to stop air temperatures becoming too cold in the fresh food compartment of a refrigerator-
freezer when operating in colder room temperatures (typically below 20°C). Under these conditions, 
the heat gain into the fresh food compartment is very low but there is still significant heat gain into the 
freezer, which requires some compressor operation. Smart compensation heaters will adjust their 
operation depending on user interactions (heater is on less with higher levels of user interaction) and 
ambient temperature (heater is on more as it becomes colder). This can readily be quantified as a 
normal distribution (mean temperature and standard deviation) for the specific house and usage level. 
Typically the power decreases as room temperature increases. These heaters are common in many 
products and for some models these heaters can induce significant additional energy at lower 
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ambient temperatures. While many products use only small heaters of a few watts, some products 
use large heaters for short periods, which can increase the steady state power at 15°C to a value that 
is higher than at 32°C (doubling, or in some cases, tripling the energy). Under current test procedures, 
which are mostly conducted at elevated ambient temperatures, manufacturers have no incentive to 
optimize the energy consumption under these low room temperatures. Ironically, most refrigerating 
appliances in Australia spend the majority of their operating life at or below temperatures of 20°C, 
which are where these heaters are most active. So test procedures can have an adverse impact on 
product design where these are far from conditions of normal use. 

Ambient controlled anti-condensation heaters are electric heaters that are used on parts of the 
appliance where external condensation is likely but where condensation coils from the refrigeration 
system cannot be fitted (typically on the central door seal of a French door product). These heaters 
can be quite sophisticated and can vary their power according to room temperature and/or humidity in 
order to minimize energy while avoiding condensation. Typically the power increases as room 
temperature increases. 

User interactions 

An important component of energy consumption for a refrigerator during normal use is the additional 
energy induced by user interactions. The energy impact of user-interactions occurs through door 
openings and the insertion of warm food and drinks, which manifests as increased energy 
consumption of the refrigerator. By their very nature, user-interactions with their refrigerating 
appliances will have a large random component. The magnitude of each impact is different and the 
distribution over time will also be random to some extent, although some daily and seasonal patterns 
could be expected. Actual user impacts will be unique in every house and different from day to day in 
every house. Many studies have examined the energy consumption of refrigerators during use, but no 
previous research has disaggregated and separately quantified user-interactions. 

The methodology in the main report [5] quantifies the additional energy induced by user interactions 
as the difference between the total energy consumption for a specific compressor cycle less the 
expected steady state power for the current room temperature as shown in Figure 1. Some 1000 
compressor cycles are depicted in Figure 2. The energy induced by user interaction is the difference 
in measured power (blue solid line) less the expected steady state power model for no user 
interaction (red dashed line) for the current room temperature (green dotted line) multiplied by the 
duration of the compressor cycle (not shown). 

Using this approach, field measurements can give us a direct measure of the extra energy used by a 
particular appliance that is induced by user-interaction. However, to estimate the latent and sensible 
heat loads that are removed by the refrigeration system as a result of these user interactions it is be 
necessary to multiply the induced additional energy in the appliance by the expected refrigeration 
system coefficient of performance (COP)

26
. 

                                           
26

 COP is typical measured as the net cooling by delivered by the refrigeration system over the electrical energy input and is a 
commonly used measure of efficiency for refrigeration systems. 
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For this assessment, the user induced energy in the appliance (without any estimate of operating 
COP) is used to assess annual energy. This estimate may be less robust where the period of 
monitoring is relatively short. Review of data for a large number of homes suggests that there are 
sometimes low periods where the householders are away on holidays and there can be very high 
periods, typically around December and new year (summer), where there may be very large usage 

events associated with festivities. Typically these events are smoothed out when developing standard 
seasonal profiles for comparison of old and new products in the same household. It would be an 
unfair comparison if one refrigerator was modelled with several large parties while the other 
refrigerator included a period where householders were away. 

Figure 2: Measured power by compressor cycle and estimated steady state power for 1000 
compressor cycles, RF0175, Brisbane 

 

Results 

The average monthly room temperature for each SV house was based on actual data where available 
(generally April to September for the SV sites) and a model of indoor room temperatures after 
Harrington et al (2015) when no data was available [6]. For the EES houses, generally there was at 
least 6 months of data for each site, so it was possible to provide an accurate typical annual 
temperature profile in each house from the measured data. Typical indoor temperature profiles are 
derived for each house and this is used as the basis for comparison of the old and new refrigerator. 
The annual temperature profile is used to generate an estimate of the annual temperature dependent 
energy consumption. The annual temperature profile is also used to derive the base defrost energy 
for run-time controllers. For all sites where less than a year of data was available, it is assumed that 
user driven energy consumption and user driven defrost energy had a relative value of 1.0 in winter 
and 2.0 in summer adjusted as a sine curve (minimum July, maximum January). It is important to note 
that the old and new appliances were subjected to the same temperature and user profile for a 
standard year in each specific house. Full details on the results for each unit and the detailed 
assumptions are set out in the main report [5]. SVCR site name is Sustainability Victoria 
Comprehensive Retrofit and was allocated by SV. 
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Table 1: Summary of energy savings for appliances monitored by Sustainability Victoria 

Site ID Unit ID Status Label 
CEC 

kWh/y 

In use 
estimate 

kWh/y 

Estimate 
/label` 

Actual 
reduction 
old=>new 

Label 
reduction 
old=>new 

SVCR2 FZ0050 OLD 770 678 0.88   

SVCR2 RF0267 OLD 900 708 0.79   

SVCR2 RF0268 NEW 555 488 0.88 64.8% 66.8% 

SVCR3 RF0269 OLD 1100 581 0.53   

SVCR3 RF0270 NEW 318 139 0.44 76.0% 71.1% 

SVCR5 RF0271 OLD 770 576 0.75   

SVCR5 RF0272 NEW 399 294 0.74 48.9% 48.2% 

SVCR7 RF0273 OLD 1110 893 0.80   

SVCR7 RF0274 NEW 370 238 0.64 73.4% 66.7% 

SVCR10 RF0275 OLD 1570 1292 0.82   

SVCR10 RF0276 NEW 410 405 0.99 68.7% 73.9% 

SVCR11 RF0277 OLD 495 442 0.89   

SVCR11 RF0278 NEW 370 224 0.60 49.4% 25.3% 

SVCR13 RF0279 OLD 1100 1224 1.11   

SVCR13 RF0280 NEW 370 296 0.80 75.8% 66.4% 

Notes: The only non-equivalence with these replacements is for site SVCR2 where a refrigerator-
freezer and a separate freezer were replaced with a refrigerator-freezer. 

 

Table 2: Summary of energy savings for appliances monitored by Harrington 

Site ID Unit ID Status Label 
CEC 

kWh/y 

In use 
estimate 

kWh/y 

Estimate 
/label` 

Actual 
reduction 
old=>new 

Label 
reduction 
old=>new 

SYD40 RF0248 OLD 950 919 0.97   

SYD40 RF0255 NEW 525 437 0.83 52.5% 44.7% 

VIC31 RF0211 OLD 790 568 0.72   

VIC31 RF0212 NEW 540 407 0.75 28.2% 31.6% 

VIC19 RF0006 OLD 715 540 0.76   

VIC19 RF0022 NEW 476 361 0.76 33.1% 33.4% 

VIC37 RF0012 OLD 676 590 0.87   

VIC37 RF0024 NEW 301 160 0.53 72.9% 55.5% 

VIC17 RF0019 OLD 660 616 0.93   

VIC17 RF0266 NEW 330 312 0.94 49.4% 50.0% 

VIC34 RF0070 OLD 1500 1195 0.80   

VIC34 RF0071 NEW 428 359 0.84 69.9% 71.5% 

VIC30 RF0075 OLD 1200 695 0.58   

VIC30 RF0102 NEW 414 245 0.59 64.8% 65.5% 

VIC27 RF0078 OLD 785 639 0.81   

VIC27 RF0281 NEW 237 111 0.47 82.6% 69.8% 

SYD02 RF0110 OLD 700 578 0.83   

SYD02 RF0111 NEW 406 347 0.85 40.0% 42.0% 

QLD25a RF0213 OLD 1010 868 0.86   

QLD25 RF0166 NEW 433 355 0.82 59.0% 57.1% 

VIC03 RF0180 OLD 880 648 0.74   

VIC03 RF0256 NEW 463 316 0.68 51.2% 47.4% 

SYD14 RF0222 OLD 1170 935 0.80   

SYD14 RF0249 NEW 586 490 0.84 47.6% 49.9% 

SYD15 RF0223 OLD 790 958 1.21   

SYD15 RF0249 NEW 540 507 0.94 47.1% 31.6% 

SYD35 RF0243 OLD 680 934 1.37   

SYD35 RF0253 NEW 382 437 1.14 53.3% 43.8% 
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Notes: The Harrington sites were more variable due to the nature of the replacements (essentially 
random in nature and unguided in new appliance selection). Sites were located in Sydney (SYD), 
Gippsland (VIC) and Brisbane (QLD). Sites VIC31 and VIC27 we not completely equivalent 
replacements. See main report [5] for notes and caveats on the calculated energy savings. 

The ratio of energy in normal use to the value shown on the energy label varied by household and by 
climate, but overall, the average for Victorian homes was close to 0.8. The average for Sydney homes 
was higher due to the warmer climate. The ratio for NSW was around 0.9, but this excludes one large 
household from Sydney (SYD35) and it should be noted that the sample size was quite small. A large 
sample would be needed to establish a more representative ratio, which is likely to also vary by 
product configuration. 

Conclusions 

Despite the caveats and limitations of the Harrington data, the savings achieved are still considerable, 
averaging 54% across the 14 Harrington households and 65% across the seven SV sites. Two 
Harrington sites showed about 30% energy savings. Again, the savings were broadly in line with the 
expected energy reductions as the old appliances were not very old and their energy was reasonable. 
The 12 other sites had savings that exceeded 40% and most sites achieved greater than 50% energy 
savings. This is quite impressive considering the unguided and uncontrolled nature of the 
replacements in these cases. All the SV sites showed energy savings over 50%. SV households were 
recruited and selected on the basis of owning a quite old refrigerator and the new appliances were 
selected to be close to the most efficient on the market. 

While Table 1 and Table 2 show that the energy label is not a particularly good predictor of the 
absolute energy consumption expected at a particular site, it does seem to provide a reasonable 
basis for estimating relative energy savings when an appliance is replaced (assuming that labelling 
data for the old and new unit are available). The apparent accuracy of the energy label as a predictor 
of the relative energy savings during normal use can be largely explained by the fact that the 
temperature component dominates energy consumption for most households and the energy label is 
a reasonable predictor of relative temperature energy performance because it is based on a fixed 
temperature. Extensive analysis has shown that on average, the relative share of defrosting and user 
interactions also tends to scale by climate. 

While the average ratio of measured annual energy to label annual energy was 0.81 across all 43 
appliances included in this study, the ratio varied from 0.44 to 1.21, which is a variation of a factor of 
almost three. This is partly due to climatic influences, but also due to large differences in user 
interactions. The ratio also appears to be affected by the type of product (especially whether a freezer 
compartment is present or not). This is not terribly helpful for a purchaser that is attempting to use the 
existing energy label as a guide to future energy costs. Also, the value of the energy label as a 
predictor of potential energy savings during normal use is low in practical terms as householders 
would not normally have access to label data on their old refrigerators from 20 years ago for 
comparison with potential new purchases. 

In summary, it would appear that replacing old refrigerators with efficient new appliances can save 
substantial amounts of energy, with savings, in most cases exceeding 50%. This provides a good 
deal of confidence that the policies of energy labelling and MEPS are effective. However, the 
accuracy of the Australian energy label could be improved. Proposals currently under consideration, 
which use the new IEC62552-3 standard as the basis for energy consumption measurements, should 
provide better data for potential purchasers [11, 12] and will provide incentive for manufacturers to 
optimize the energy performance at conditions that are closer to normal use. A regulatory impact 
statement was released in April 2017 that sets outs details of new, more stringent MEPS levels and 
the use of IEC62552-3 for energy labelling [13] to better reflect normal use. Ultimately, data from the 
new labelling approach could also be used to estimate the likely energy use by climate and household 
size to give householders better comparative energy operating costs in normal use. Tools identifying 
the likely energy consumption of older products would also assist users in deciding when they should 
replace their older appliances. 
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Abstract  

Given rising incomes and falling appliance prices, demand for residential, commercial, and industrial 
appliances in India has been growing rapidly over the last few years. Over the next 15-20 years, peak 
electricity demand from the top ten most electricity consuming appliances and equipment such as air-
conditioners, chillers, refrigerators, TVs, ceiling fans, lights, electric water heaters, agricultural pumps, 
motors, and distribution transformers is projected to be more than 300GW or 60-70% of the projected 
total peak load by 2030 or so. Such growth in the appliance demand poses serious energy security, 
equity, and environmental challenges. In this paper, we assess the total energy efficiency 
improvement potential and assess its cost-effectiveness for top-10 energy consuming appliances in 
India. We find that 20% of the appliance energy (and ~25% of their peak load contribution) could be 
saved cost-effectively by enhancing their efficiency. This translates to a potential energy saving of 300 
TWh/yr at bus-bar, a peak load reduction of over 70 GW, and avoided CO2 emissions of 200 million 
tons/yr by 2030. This potential saving is equivalent to avoiding the construction of 150 new power 
plants of 500 MW each. In order to realize this large cost-effective potential, a coordinated approach 
of market push (standards) and market pull (awards, labels, and incentives) is needed. 

Introduction 

Given rising incomes and falling appliance prices, demand for residential, commercial appliances in 
India has been growing rapidly over the last few years. Over the next 15-20 years, peak electricity 
demand from the top ten most electricity consuming appliances and equipment such as air-
conditioners, refrigerators, TVs, ceiling fans, lights, electric water heaters, agricultural pumps, motors, 
and transformers is projected to be nearly 300GW or ~60-70% of the projected total peak demand 
[1]–[3]. This is equivalent of the output of nearly 600 large power plants. Such growth in the appliance 
demand poses serious energy security, equity, and environmental challenges. Energy efficiency 
offers a cost-effective way of meeting the electricity demand i.e. it is much cheaper to invest in energy 
efficiency programs and reduce the future demand than building new power plants [4], [5]. It can also 
play a crucial role in India’s climate mitigation plan.   

Given that most (more than 80%) of the appliance stock is yet to be purchased in India, leapfrogging 
to super-efficient and smart solutions offers a real opportunity to meeting the rising electricity demand 
in a cost-effective and sustainable manner. The objectives of this paper are to: (a) assess the energy 
efficiency improvement potential in the top-10 energy consuming appliances in India by 2030, (b) 
estimate the total energy, peak load, and emissions impact of the appliance efficiency improvement, 
and (c) evaluate the cost-effectiveness of appliance efficiency improvement in India. We conduct the 
analysis by assessing how the appliance efficiency and minimum energy performance standards 
(MEPS) have been improving historically. For each appliance, we identify the globally best 
commercially available technology (BAT) and its incremental cost. We then assess the energy, peak, 
and emissions reduction potential for each appliance up to 2030 by assuming that all new appliance 
sales from 2017 onward would be replaced by the current (2016) BAT. Using the incremental cost 
estimates, we also assess the cost-effectiveness of the BAT from consumers as well as utility’s 
perspective. We conclude the paper by discussing high-level policy and programmatic 
recommendations for aggressive improvement in the appliance efficiency. 

The remainder of the paper is organized as follows. Section 2 gives an overview of the appliance 
market and efficiency policies in India. Section 3 summarizes our key assumptions and method. 
Section 4 shows key results followed by the discussion and policy recommendations in section 5.     

Status of the Appliance Market and Efficiency in India 

The Energy Conservation (EC) Act 2001 provides the legal and institutional framework for the 
Government of India to promote energy efficiency across all sectors of the economy. The Bureau of 
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Energy Efficiency (BEE) was created under the Ministry of Power to implement the EC Act.
27 

The 
Standards and Labeling (S&L) Program was launched by BEE in May 2006 as a voluntary 
scheme with an overarching agenda to reduce the energy intensity of electrical appliances used in the 
country. The label provides a comparative 5-star rating system based on annual or daily energy 
consumption. The star labeling scheme combines comparative star labels with Minimum Energy 
Performance Standard (MEPS); products that pass the minimum energy efficiency requirements 
specified by BEE are awarded 1-star while the consumption norm specified by the five star level is 
the most stringent, awarded to only the most efficient products available on the market. BEE 
typically revises the rating criteria every few years.  

Appliance labeling is mandatory for several key appliances while it is still voluntary for several others. 
Currently (2017), fixed speed room air conditioners, refrigerators (frost free and direct cool), 
fluorescent tubelights, distribution transformers, electric water heaters, and TVs were covered under 
the mandatory program. Variable speed ACs, agricultural pumps, ceiling fans, and industrial motors 
are covered under the voluntary labeling program. By 2018, variable speed ACs will be included in the 
mandatory labeling program. 

Beyond BEE’s labeling program, only a handful utilities and ESCOs have run appliance efficiency 
programs; such programs have seen mixed success. One of the most notable programs is the UJALA 
LED program by the Energy Efficiency Serviced Limited (EESL). Between 2015 and 2017, EESL has 
distributed over 200 million LED lamps across the country and has built the critical momentum for full 
market transformation. With demand aggregation and global competitive bidding, EESL was also able 
to reduce the procurement cost of LEDs by over 80% in two years. Currently, EESL is undertaking 
similar programs for other key appliances such as LED tubelights, ceiling fans, super-efficient ACs, 
Agricultural pumps, albeit at a small or pilot scale. Utilities in Mumbai and Delhi did implement pilot 
consumer rebate programs for the purchase of 5-star room ACs. Few other state utilities like Kerala, 
Pondicherry, and Maharashtra implemented CFL programs a few years ago. But apart from these, no 
large scale appliance efficiency programs have been implemented by utilities yet.          

Air conditioners 

Mainly driven by rising incomes, room AC (RACs) sales,  which is the most common type of AC 
used in India, have been growing at a Compounded Annual Growth Rate (CAGR) of about 12.5% per 
year between 2005 and 2016, with total annual sales reaching over 4.5 million units in 2016 [6]. The 
Room AC market is increasingly dominated by split ACs (split-packaged non-ducted units) [2]. Rooms 
ACs are primarily used in the residential, and small and medium commercial sector; the current 
market trends indicate that share of the residential sector is increasing faster than that of the 
commercial sector [7]. 

Under the labeling program, Historically, BEE has been revising the efficiency performance criteria 
and the energy efficiency ratio (EER) for star levels every two years (see Table 1), and has done 
so about two years in advance of implementation to give the AC industry time to adjust their supply. 
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 EC Act amended in 2010 to empower BEE to accredit energy auditors and to hire its own staff, and the Central 

Government to issue energy savings certificate. 
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Table 1: BEE star rating levels for split ACs effective January 2012 and January 2014 

     

Source: [8], [9] 

Since June 2015, BEE adopted a voluntary label for split inverter ACs with a one-star level of 3.1 and 
a 5-star level of 4.5 in the newly adopted Indian Seasonal Energy Efficiency Ratio (ISEER) metric, 
based on the ISO 16358 standard with an India-specific temperature distribution.

28 
This is shown in 

Error! Reference source not found.. 

 

Table 2: BEE star rating levels for inverter ACs effective June 2015 through December 

2019  

 

Star Levels for Inverter ACs 

(29 June 2015 - 31 Dec 2019) 

Minimum 

ISEER 

(Wh/Wh) 

Maximum 

ISEER 

(Wh/Wh) 1-Star 3.1 3.29 

2-Star 3.3 3.49 

3-Star 3.5 3.99 

4-Star 4.0 4.49 

5-Star 4.5  

Source: [11] 

Note that the ISEER metric credits the efficiency improvement to a variable speed drive used in 
RACs, known as inverter ACs. The ISEER metric and the star labels shown in Error! Reference 
ource not found. are due to become mandatory for all ACs (fixed-speed and inverter ACs) in 2018. It 
can been seen from Table 1 and Table 2, Minimum Energy Performance Standard (one-star label) 
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 ISO 16358 was adopted by the ISO in 2013 to provide an international standard to rate fixed-speed and inverter (or 

variable speed) ACs under the same metric. This metric (Cooling Season Performance Factor/Heating Season 

Performance Factor or Annual Performance Factor) allows a weighted average to be calculated based on a country 

or region-specific temperature bin, but has the added advantage of using the same test points as ISO 5151 rating 

standard for ACs, thus making for a smoother transition to rating of inverter and fixed speed ACs under the same 

metric while also capturing the benefits of the part load savings available under a seasonal metric. For cooling only 

operation, this metric is known as the cooling season performance factor (CSPF). In 2015, BEE has adopted ISO 16358 

but modified the temperature bin distribution to account for the hotter weather in India to calculate the Indian SEER 

(ISEER) metric for fixed speed and inverter ACs. BEE has adopted the ISEER metric to measure the performance 

of Room ACs in India in the future [10]. 

 Star Levels for Split 
ACs  

(1 Jan 2012 - 31 
Dec 2013) Minimum 

EER 
(W/W) 

Maximum 
EER 

(W/W) 

1-Star 2.50 2.69 

2-Star 2.70 2.89 

3-Star 2.90 3.09 

4-Star 3.10 3.29 

5-Star 3.30  
 

 Star Levels for Split 
ACs  

(1 Jan 2014 - 31 Dec 
2015) Minimum 

EER 
(W/W) 

Maximum 
EER 

(W/W) 

1-Star 2.70 2.89 

2-Star 2.90 3.09 

3-Star 3.10 3.29 

4-Star 3.30 3.49 

5-Star 3.50  
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for room ACs has increased by about 32% between 2006 and 2016, i.e. about 3% per year [12]. 
Market average RAC efficiency has typically been slightly higher than the one star level and has 
improved similarly; historically, market average efficiency has been close to 2-3 star level. Our 
previous assessments have shown significant efficiency improvement potential in RACs using more 
efficient compressors, variable speed drives, and expansion valves etc. [6], [10].   

 

Refrigerators 

Residential refrigerator is another appliance that has witnessed rapid growth in the last decade or so. 
In 2016, the total refrigerator sales (residential as well as commercial) were over 13 million units a 
year increasing at over 12-15% per year [12]. While majority of the current residential refrigerator 
sales (>50%) are direct cool, the share of frost-free refrigerators is increasingly rapidly. Therefore, 
going forward, we have considered only frost-free refrigerators in our analysis. Frost-free (as well as 
direct cool) refrigerators are covered by the mandatory labeling program and BEE has been revising 
them aggressively. Using the BEE’s regulations, the following table shows the total estimated annual 
energy consumption in kWh for 1 through 5-star levels across multiple years. The energy 
consumption is estimated assuming the refrigerator size to be 260 liters (208 liters fresh food capacity 
and 52 liters freezer capacity).   

 

Table 3: BEE star rating levels for frost-free refrigerators between 2010 and 2018 (assuming 208 
lit fresh food and 52 lit freezer capacity) 

 2010 - 2011 2012-2013 2014-2015 2016-2018 

Max Min Max Min Max Min Max Min 

1-star 1014 811 811 649 519 415 415 332 

2-star 811 649 649 519 415 332 332 266 

3-star 649 519 519 415 332 266 266 212 

4-star 519 415 415 332 266 212 212 170 

5-star 415 0 332 0 212 0 170 0 

 Source: [13] 

Between 2010 and 2018 (announced), efficiency of the 1-star level (de-facto MEPS) as well as five-
star level for refrigerators has improved by over 11% per year.  With more efficient compressors (DC 
compressors or variable frequency drives), better insulation (such as increased wall thickness and 
vacuum insulation panels), and optimized gaskets, the overall efficiency could be improved by over 
85% relative to the current market average [14].  

 

Televisions 

Television sales have been growing at a CAGR of over 15%; in 2011, the total TV shipments were 
15.6 million units/yr. TVs are part of BEE’s mandatory labeling program; however the program has 
created three categories for CRT, LCD/Plasma, and LED TVs respectively. Over the last few years, 
LCD TV sales have overtaken those of all other technologies (expected to reach as high as 95% of 
total market in 2017 per [15]); therefore, going forward we have only considered efficiency 
improvement opportunities in LCD TVs. Also, within the LCD TV market, the share of CCFL backlit 
TVs is dropping and that of LED backlit TVs is increasing rapidly. The following table shows the 
annual energy consumption for LED backlit TVs per BEE’s labeling program - assuming one of the 
most popular screen size (diagonal) of 32 inches and an aspect ratio of 16:9.   
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Table 4: BEE star rating levels for LED backlit TVs between 2010 and 2017 (assuming screen 
size of 32 inches and aspect ratio of 16:9) 

 2010-2014 2014-2015 2016-2017 

1-star 426 171 87 

2-star 388 156 79 

3-star 349 141 72 

4-star 311 125 64 

5-star 273 110 56 

Source: [16] 

Between 2010 and 2017, efficiency of the 1-star level (de-facto MEPS) as well as five-star level for 
LED backlit TVs has improved by about 20% per year. Studies have shown that reflective polarizer 
and backlight dimming can reduce the on-mode power consumption of standard LCD/LED TVs further 
by nearly 40% [15]. 

 

Distribution Transformers (DTs) 

Distribution transformers are covered under the mandatory labeling program. The following table 
shows the total losses for each star rating for the most commonly used distribution transformers in 
India (25 kVA, 63kVA, and 100kVA).  

Table 5: BEE star rating levels for Distribution Transformers (25 kVA, 63kVA, and 100kVA rated 
capacity) 

Rated 
capacity 

1 star 2 star 3 star 4 star 5 star 

kVA 

Max 
Losses 
at 50% 
(Watts) 

Max 
Losses 

at 
100% 

(Watts) 

Max 
Losses 
at 50% 
(Watts) 

Max 
Losses 

at 
100% 

(Watts) 

Max 
Losses 
at 50% 
(Watts) 

Max 
Losses 

at 
100% 

(Watts) 

Max 
Losses 
at 50% 
(Watts) 

Max 
Losses 

at 
100% 

(Watts) 

Max 
Losses 
at 50% 
(Watts) 

Max 
Losses 

at 
100% 

(Watts) 

25 290 785 235 740 210 695 190 635 175 595 

63 490 1415 430 1335 380 1250 340 1140 300 1050 

100 700 2020 610 1910 520 1800 475 1650 435 1500 

Source: [17] 

The efficiency levels for star labels for DTs have not changed since 2007. 

 

Electric Water Heaters 

There are two types of electric water heaters sold in India – instant electric geysers (with no storage) 
and stationary storage type heaters. In this paper, we assess instant geysers, which are significantly 
more popular than the storage type heaters. Instant geysers are not covered by the labeling program. 
Since 2016, the storage type water heaters are covered by the mandatory labeling program.   
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Industrial Motors 

The industrial sector (large and small) together consumes about 40% of the total electricity in India 
and industrial motors are responsible for a substantial share in this consumption [5], [18]. Industrial 
motors are covered by the voluntary labeling program. For all motor types, BEE’s star labels are 
aligned with the IEC’s efficiency levels as shown in the following table. 

Table 6: BEE star rating levels for Motors (assuming 15kW rating with 2poles at 100% loading) 

Star Rating Motor Efficiency Class 
Nominal efficiency for 

15kW motor with 2 
poles at 100% loading 

1 Star ≥IE2&<IE2(+) 90.3% 

2 Star ≥IE2(+)&<IE3 91.1% 

3 Star >= IE3 &<IE3(+) 91.9% 

4 Star >=IE3 (+) &< IE3(++) 92.7% 

5 Star ≥IE3(++) 93.4% 

Source: [19] 

Currently, most of the motors sold in India have the efficiency of IE2 or below [18], [20].    

 

Ceiling Fans 

Ceiling fans are one of the most commonly used household appliance in India with annual sales of 
about 29 million/yr in 2009 growing at 10% [21]. They are covered by the voluntary labeling program. 
The most popular ceiling fans are single phase induction motor type and consume about 75W at full 
speed [4]. Also, the labels are applicable only a single product category (1,200 mm blade sweep) and 
does not vary by air delivery (or fan speed). The label as well as the market average efficiency has 
not changed since 2010. Several studies have shown that permanent magnet / brushless DC motors 
are about 15-20% more efficient than the single phase induction motors typically used in the 
residential and commercial ceiling fans. Additionally, better blade design can enhance the fan 
efficiency further by 15-20% [4]. 

 

Irrigation Pumps 

The agricultural sector consumes about 25% of the total electricity in India and most of the electricity 
consumption is due to irrigation pumpsets. It is also one of the key sectors where the electricity prices 
are highly subsidized as well as cross-subsidized. Many connections are not even metered. In 2013, 
total new irrigation pump sales were 1.4 million units and they have been growing at 6-7% per year 
[22]. Irrigation pumps are covered by the voluntary labeling program. However, pump sales are 
dominated by the non-labeled products (95% market share) and their market average efficiency has 
been fairly low for the past several years (20-30% overall) [22]. The most typical irrigation pumps used 
in India are 3-phase induction motor pumps with a rated capacity of 5 hp (about 3.7kW) or 7.5 hp 
(5.6kW) [22]–[24]. Similar to the fans, with brushless DC motors and better piping system design, the 
conventional pump efficiency can be improved by over 50% [25].     

Lighting 

There are two major sources of lighting in India – incandescent lamps/CFLs/LEDs and Tubular 
Fluorescent Lamps (TFLs). Out of these, the incandescent lamp market has already started 
transforming rapidly with Energy Efficiency Services Limited’s (EESL) UJALA LED program, which is 
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the largest in world with nearly 210 million LEDs distributed in 18 months since its launch in October 
2015. In the same period, EESL’s LED prices have fallen from $3-4/unit to nearly $0.5/unit. EESL’s 
program has a target of replacing the entire incandescent bulb market (770 million) by 2019.  

For TFLs, the typical products sold are the T-12 (40W), T-8 (36W), and T-5 (32W) tubes. Given the 
clear advantage of the LED based lighting products in terms of their lumen efficiency (lumens per 
Watt), there is significant efficiency improvement potential in the TFL market. EESL launched a 
program for TFLs in 2016, which, however has not scaled yet. TFLs are covered by the mandatory 
labeling program and the efficiency levels are shown in the following table. 

 

Table 7: BEE star rating levels for Tubular Fluorescent Lamps  

 1-star 2-star 3-star 4-star 5-star 

Lumens per 
Watt at 0100 
hrs of use 

<61 >=61 & <67 >=67 & <86 >=86 & <92 >=92 

Lumens per 
Watt at 2000 
hrs of use 

<52 >=52 & <57 >=57 & <77 >=77 & <83 >=83 

Lumens per 
Watt at 3500 
hrs of use 

<49 >=49 & <54 >=54 & <73 >=73 & <78 >=78 

Source: [26] 

These labels have not changed since 2010. Also, only 3-star or 5-star TFLs are available on the 
market and all have the same input power rating of 36W. Currently, LEDs are covered under a 
voluntary labeling program, while CFLs are not covered under any labeling program.  

 

Key Assumptions and Method 

With this background, we now describe our key assumptions and method for estimating the energy 
saving potential by 2030.  

Scenarios for analysis 

We create two scenarios for the appliance efficiency levels in 2030, as described below. For each 
scenario, we assess the peak load and electricity consumption impact, and also conduct a cost-
benefit a n a l y s i s  f o r  e n h a n c i n g  t h e  a p p l i a n c e  e f f i c i e n c y .  

(a) Business as Usual (BAU): In this scenario, we assume that the appliance efficiency 

continues to improve between now and 2030 per the historical trajectory. 

(b) Efficient Future: In this scenario, we assume that all new appliance sales between 2017 and 

2030 are replaced by the current (2016) globally best available technology (BAT).   

The following table summarizes our assumptions on the appliance Unit Energy Consumption (UEC) in 
the BAU as well as Efficient Future scenarios. 
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Table 8: Assumptions on UEC for BAU and Efficient Future Scenarios 

Appliance 

Business as Usual (BAU) Efficient Future Scenario 

Sources What is BAU and 
expected 

improvement 

UEC 
2016 

(kWh/yr) 

UEC 
2030 

(kWh/yr) 

What is the 
Current BAT? 

UEC 
(kWh/yr) 

Lamps 

Incandescent / 
CFL moving to 

LED (~120 
lumens/W) 

72 10 LED 9 [27] 

FTLs 

T-8+magnetic 
choke moving to 

T5+electronic 
choke, LED 

95 44 LED tubelight 16 [27] 

Fans 
Single phase 

induction motor 
ceiling fan 

120 120 
BLDC fan with 
efficient blade 

design 
48 [4] 

TV 
Old stock is CRT; 

new sales are 
mostly LCD/LED. 

83 39 
LED backlit w/ 

reflective polarizer 
& dimming 

33 [15] 

Water 
Heaters 

Electric geysers 240 146 
Natural Gas/LPG 

water heaters 
0 [27] 

Refrigerators 

Direct Cool/ frost 
free; significant 
efficiency gain 

through efficient 
compressors and 

gaskets  

399 69 
Thicker insulation, 

VIPs, efficient 
compressor, gasket 

60 [27] 

AC 

Old stock is fixed 
speed; moving 
toward inverter 

ACs 

1992 1269 

Inverter AC with 
efficient 

compressor, VFD, 
bigger heat 
exchanger, 
electrostatic 

expansion valve 

797 [6] 

Motors IE 1 or IE 2 motors 9196 9196 
IE 3++ (or IE5) 

motors 
8910 

[1], [20], 
[28] 

AG Pumps 

Standard mono-
block / 

submersible 
pumps 

5914 5914 
Brushless DC 

pump and efficient 
piping system 

3593 [24], [29] 

Distribution 
Transformers 

Standard DT 2186 2186 

Reduction in no 
load as well as load 
losses using better 

material and 
cooling  

905 [28], [30] 

 

Estimating the Appliance Stock  

We used the Bottom-Up Energy Analysis System (BUENAS) to estimate the total appliance market in 
India up to 2030. The bottom-up approach allows for a detailed accounting of the appliances and 
modeling of saturation effects. In BUENAS, we use a combination of sales forecast, income, 
urbanization, weather related parameters such as cooling degree-days, and to assess the total 
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penetration / saturation and stock of a particular appliance. A detailed description of the general 
BUENAS methodology is available in [31]. Based on recent sales data, and using BUENAS stock 
turnover analysis, we estimate the following appliance stocks up to 2030. Note all stock numbers are 
in millions. 

Table 9: Total appliance stock (millions) up to 2030 

 2015 2020 2025 2030 

Lamps 954 1199 1524 1965 

FTLs 276 347 441 569 

Fans 341 399 451 497 

TV 205 288 387 503 

Water Heaters 42 61 87 126 

Refrigerators 65 99 144 199 

Room AC 24 38 69 124 

Motors 20 28 41 59 

Agricultural Pumps 21 26 36 49 

Distribution Transformers 4.8 6.5 8.6 11.4 

 

Other Assumptions 

The following table summarizes our other key assumptions for assessing the energy and peak impact 
of appliances as well as incremental cost of BAT over BAU in 2016.  

Table 10: Other key assumptions for each appliance 

 

Hours 
of 

use/yr 

Peak 
Coincidence 

Factor 

Incremental Cost 
of BAT over BAU 

(2016) Rs 

BAT 
Appliance 

Life 
(years) 

Sources 

Lamps 1825 0.5 40 5 [27] 

FTLs 1825 0.5 50 5 [27] 

Fans 1600 0.7 840 10 [4] 

TV 1825 0.7 540 7 [15] 

Water Heaters 120 0.25 500 5 [27] 

Refrigerators 3329 0.38 4,652 10 [27] 

Room AC 1200 0.7 54,401 7 [6] 

Motors 2296 0.25 7,000 20 [1], [28] 
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Agricultural Pumps 1577 0.25 10,000 20 [24], [29] 

Distribution 
Transformers 

8760 0.25 20,000 25 [28], [30] 

Peak load contribution of an appliance is estimated by multiplying the connected load of that 
appliance by the peak coincidence factor. We estimate the peak load (and energy consumption) at 
transmission bus-bar by assuming the transmission and distribution (T&D) loss of 15%. Also, all peak 
load numbers imply concurrent peak during evening periods in the summer (i.e. around 8 PM in April-
May 2030), unless stated otherwise. 

Grid Emission Factors 

Currently, India’s electricity generation is dominated by coal and the average grid emission factor in 
2015 was 0.82 kg CO2 per kWh generated [32]. However, the country has planned significant 
investments in renewable energy which will likely reduce the grid emissions factor by nearly 20% to 
0.67 kg CO2/kWh by 2030 [33].  

Results 

In this section, we show the impacts of the Efficient Future scenario on total energy consumption, 
national peak load, CO2 emissions and discuss the impact of rebound effect. We also assess the cost 
of conserved electricity for such efficiency improvement and evaluate the total cost-effective efficiency 
improvement potential. 

Total Electricity Consumption and Peak Load 

The following chart shows the total energy consumption (at bus-bar) due to top-10 appliances for both 
scenarios. By 2030, under the BAU scenario, the appliance energy consumption becomes as high as 
1473 TWh/yr or about 60% of the total electricity consumption in that year. Under the Efficient Future 
scenario, the top-10 appliance energy consumption could be reduced by nearly 300 TWh/yr at bus-
bar without compromising any service provided by these appliances. This is equivalent to the total 
energy generation from nearly 180 GW of solar PV capacity. 
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Figure 1: Total Annual Energy Consumption by Top-10 Appliances at bus-bar and Share of 
Each Appliance in 2030  

The pie chart shows the share of each appliance in the total energy consumption in 2030 for the BAU 
scenario. Note that Motors, Agricultural Pumps and Room ACs together are responsible for over 85% 
of the appliance energy consumption in the BAU scenario. This is because of two reasons: first, these 
three appliances are extremely energy intensive. Second, the BAU efficiency improvement in other 
residential and commercial appliances is significantly higher than these three; as a result, their 
consumption drops substantially by 2030.      

The following chart shows total peak load (summer evening concurrent peak at 8 PM) due to top-10 
appliances for both scenarios. Certain appliances such as fans, room ACs, lamps, TVs etc are major 
contributors to the peak load while motors, refrigerators etc contribute very little, especially to the 
evening peak load. In the BAU scenario, top-10 appliances will add over 290GW to the peak load 
(summer evening concurrent peak) by 2030, which is as high as 70% of the projected peak load in 
that year. In the Efficient Future scenario, the total peak load from top-10 appliances could be saved 
by over 70GW by 2030. This is equivalent to avoiding building of 150 new coal power plants of 500 
MW each.     
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Figure 2: Total Peak Load (Summer Evening Concurrent Peak) by Top-10 Appliances at bus-
bar and Share of Each Appliance in 2030 

The pie chart shows the share of each appliance in the total peak load (summer evening concurrent 
peak) in 2030 for the BAU scenario. Note that residential appliances, particularly, room ACs and fans 
have significant peak load contribution (over 40%); their share in the top-10 appliance energy 
consumption was only 15%.  

Energy and Peak Load Saving 

Efficient Future Scenario can potentially save over 300TWh/yr at bus-bar by 2030. This is equivalent 
to the total generation from 180GW of solar PV plants. The following chart shows the breakdown of 
the potential energy saving in 2030. 

114

163

293

114
132

221

2015 2020 2030

To
ta

l P
e

ak
 L

o
ad

 d
u

e
 t

o
 T

o
p

-1
0

 A
p

p
lia

n
ce

s 
at

 
b

u
s-

b
ar

 (
G

W
)

BAU Efficient Future

Lamps
2%

FTLs
3%

Fans
11% TV

5%
Water 

Heaters
0%

Refrigerators
3%

Room Acs
31%

Motors
24%

Agricultural 
Pumps

20%

Distribution 
Transformers

1%



 

63 
 

 

 

Figure 3: Breakdown of the total energy saving in the Efficient Future scenario in 2030 (total 
saving = 301 TWh/yr) 

The energy saving potential in Agricultural pumps (93 TWh/yr by 2030) and room ACs (83 TWh/yr by 
2030) together is nearly 60% of the total saving showing that the BAT is significantly more efficient 
than the BAU. Note that although motors consume a large portion of the total electricity, their saving 
potential is small as most of the motor sales are already efficient. What is noteworthy is the small 
energy potential from the lighting sector (20 TWh/yr by 2030 or 7% of total). This is primarily because 
the lighting market has already started shifting towards LEDs and by 2030, even in the BAU 
trajectory, majority of that market would already be transformed. Similarly, the BAU efficiency 
improvements in the TVs and Refrigerators have been fairly aggressive and thus their share in the 
total saving is small as well. However, in the TV and the refrigerator market, consumers have started 
preferring bigger size appliances. Therefore, The BAU efficiency improvement, when adjusted for the 
changing appliance size, may not look as aggressive as it looks now. In our analysis, we have 
assumed that the consumer preferences for appliance size do not change over time; so, this estimate 
should be taken as a conservative energy saving potential.      

Efficient Future Scenario can potentially reduce the peak load (summer evening concurrent peak) by 
over 70GW at bus-bar by 2030. This is equivalent to avoiding nearly 150 power plants of 500MW 
each. The following chart shows the breakdown of the potential peak load reduction in 2030.  

 

 

Figure 4: Breakdown of the peak load reduction in the Efficient Future scenario in 2030 (total 
reduction = 71GW) 
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As expected, room ACs (31GW), fans (12GW), and agricultural pumps (15GW) together can avoid 
nearly 50GW of peak load (summer evening concurrent load at 8PM) – or about 70% of the total peak 
load reduction. Given the BAU efficiency improvements in lighting and refrigerators, their contribution 
in the peak load saving is small.     

 

Cost Effectiveness of Efficiency Improvement 

We assess the cost effectiveness of efficiency improvement in the Efficient Future scenario by 
comparing the cost of conserved electricity (CCE) for each options with the consumer tariffs or Long 
Run Marginal Cost (LRMC) of supplying electricity. CCE is estimated by dividing the incremental cost 
of the efficient by the incremental energy saving due to the efficiency gain.  

𝐶𝐶𝐸 =  
𝐴𝑛𝑛𝑢𝑎𝑙𝑖𝑧𝑒𝑑 𝑖𝑛𝑐𝑟𝑒𝑚𝑒𝑛𝑡𝑎𝑙 𝑐𝑜𝑠𝑡 𝑜𝑓 𝑒𝑓𝑓𝑖𝑐𝑖𝑒𝑛𝑡 𝑎𝑝𝑝𝑙𝑖𝑎𝑛𝑐𝑒

𝐴𝑛𝑛𝑢𝑎𝑙 𝑒𝑙𝑒𝑐𝑡𝑟𝑖𝑐𝑖𝑡𝑦 𝑠𝑎𝑣𝑒𝑑 𝑏𝑦 𝑒𝑓𝑓𝑖𝑐𝑖𝑒𝑛𝑡 𝑎𝑝𝑝𝑙𝑖𝑎𝑛𝑐𝑒
 

If the CCE is lower than the consumer tariff, it will be cost-effective for consumers to invest in the 
efficient appliance. Note that when consumers install efficient appliances, they avoid the consumption 
from the highest tariff block. Therefore, CCE should be compared with the marginal consumer tariff 
and not average. To be conservative, we assume the marginal tariff for residential, commercial, and 
industrial sectors to be Rs 6/kWh, increasing at 5% per year (average long term inflation rate for India) 
[6].

29
 Agricultural electricity consumption is highly subsidized and their marginal tariff is around Rs 1.5 

- 2/kWh [5].  

If the CCE is lower than the long run marginal cost of electricity, investing in an appliance market 
transformation program would be cost-effective relative to building new power plants and 
transmission/distribution infrastructure. Based on the historical trends, we use the long run marginal 
cost of power supply Rs 5.2/kWh (including the transmission and distribution costs), increasing at 3% 
per year [5], [34]–[36].   

The following chart shows the CCE for each appliance against the total energy saving potential by 
that appliance in 2030. This is called the energy efficiency supply curve. It also shows the marginal 
consumer tariff and LRMC. As shown in the chart, CCE for all appliances is lower than the consumer 
tariff as well as the utility LRMC. For agricultural consumers, the CCE for enhancing the agricultural 
pump efficiency (Rs 0.6/kWh) is lower than their tariff (Rs 1.5-2/kWh). This implies that the entire 
energy saving potential in the top-10 appliances in India is cost-effective for utilities as well as for 
consumers. This makes a strong case for setting aggressive MEPS for these appliances as well as a 
strong utility driven market transformation program.  

 

Figure 5: Cost of Conserved Electricity and Cost-effective Energy Saving Potential by 2030 

                                           
29

 This implies that the real electricity costs (adjusted for inflation) are assumed to stay almost constant as the rate of their 

increase equals the inflation rate. This is also a highly conservative assumption since real costs are actually rising.   
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The weighted average CCE for the entire appliance portfolio is Rs 2.3/kWh. For utility programs, this 
highlights the importance of high potential-low cost programs such as water heaters and agricultural 
pumps for absorbing the impact of high cost programs such as motors and room ACs. Note that the 
cost estimates shown here only include the economic costs and do not consider significant 
transaction costs of implementing an efficiency program as well as consumer behavioral issues. 
Significant additional work would be needed to assess those costs.   

Emissions 

Given that the entire appliance efficiency potential is found to be cost effective for utilities, the CO2 
emissions abatement cost for the appliance efficiency measures would be negative. The following 
table shows the total CO2 emissions abatement potential by 2030 and the average abatement cost in 
US $/ton.   

Table 11: Total Emissions Abatement Potential (million tons/yr) and Cost ($/ton) 

 
Emissions 
Abatement 
Cost $/Ton 

Avoided 
Emissions by 
2030 Million 

Tons/yr 

LED Lamps -111 1 

LED Tubelights -83 12 

Fans -84 18 

TV -69 5 

Water Heaters -105 18 

Refrigerators -56 9 

Room AC -8 56 

Motors -34 13 

Agricultural Pumps -100 62 

Distribution Transformers -74 8 

Total -65 201 

 

By 2030, with appliance efficiency improvement, more than 200 million tons/yr of CO2 emissions could 
be avoided at an average abatement cost of -$65/ton. 

Rebound Effect 

One of the common concerns when assessing the val idity of  cost -benef i t  est imates f rom 
any appliance efficiency improvement is the rebound effect. The direct rebound effect (increase in 
the energy use as a result of the effective rise in the disposable income of consumers due to 
increased energy efficiency) is found to be  8-12% for most appliance efficiency improvements in 
developed countries in the short and medium run [37], [38]. In emerging economies, direct rebound 
effects on electricity consumption are observed higher than the developed countries; they tend to vary 
over a wide range between 12 and 46% [37]. However, the consumption patterns in emerging 
economies change rapidly and thus estimating the short term demand elasticities and thus the 
rebound effect accurately is very hard. Also, note that rebound effect implies an increase in the 
consumption of energy services and thus an overall increase in consumer welfare. The Indirect 
rebound effect (increase in the consumption of other commodities due to the reduction in the energy 
expenditure) is hard to predict and typically small [37], [38]. Note that the rebound effect will likely 
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have little impact on peak load saving. This is because even if appliances are used for more hours, 
their peak coincidence will likely remain unchanged. The other impact of the rebound effect may be 
increasing appliance penetration. If the net consumer benefit of efficient appliances (electricity bill 
saving minus the incremental cost) is very high (especially if the efficiency improvement does not 
have any impact on the appliance prices), the appliance penetration may increase i.e. consumers that 
would not have purchased an appliance in the BAU scenario may now purchase one. This would 
reduce the overall energy and peak load saving numbers. However, that would also substantially 
increase consumer welfare due to increased energy service. 

Sensitivity Analysis 

We understand that our analysis is based on significant assumptions. In this section, we test the 
sensitivity of our results on some of the key assumptions and parameters such as appliance sales 
growth (and stock), hours of use, peak coincidence factor, BAU efficiency improvement rate etc. We 
change these parameters from their base case values by +/- 25% and show impact on energy saving, 
peak load reduction, and CCE in the Efficient Future scenario in the following table.  

Table 12: Sensitivity of the Results on Key Parameters 

 
Base 
Case 

Sensitivity on 
Appliance 

Sales Growth 

Sensitivity on 
hours of use 

Sensitivity on 
Peak 

Coincidence 
Factor 

Sensitivity on 
BAU Efficiency 
Improvement 

Appliance sales 
growth 

Base Low High Base Base Base 

Hours of use/year Base Base Low High Base Base 

Peak Coincidence 
Factor 

Base Base Base Low High Base 

BAU Efficiency 
Improvement 

Base Base Base Base Low High 

Total Energy 
Saving at bus-bar 
in 2030 (TWh/yr) 

301 225 376 225 376 301 301 392 259 

Total Peak Load 
Reduction at bus-
bar in 2030 (GW) 

71 53 89 71 71 53 89 93 61 

Appliance 
Portfolio CCE 

(Rs/kWh) 
2.3 2.3 2.3 3.0 1.8 2.3 2.3 2.3 2.3 

 

Overall, by 2030, the total energy saving potential will range between 225 to 392 TWh/yr and the peak 
load reduction will range between 53 and 93GW. CCE of the appliance portfolio will likely vary 
between Rs 1.8 to 3 per kWh, significantly below the utility LRMC.   

Discussion and Conclusion  

In this paper we assess the total energy efficiency improvement potential and assess its cost-
effectiveness for top-10 energy consuming appliances in India. Due to the Standards and Labeling 
policies as well as global market trends, the appliance efficiency in India has been improving over the 
last decade. While the efficiency improvement in some appliances such as TVs or Refrigerators has 
been very aggressive, efficiency improvement in certain other appliances such as Agricultural pumps 
or fans has been very slow. Going forward, we find that the overall appliance penetration in India is 
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expected to grow rapidly and by 2030, the top-10 appliances would likely contribute nearly 290-300 
GW to the peak load (about 70% of the total peak load) assuming that the efficiency continues to 
improve per historical trajectory. We find that 20% of the energy consumed by the top-10 appliances 
(and ~25% of their peak load contribution) could be saved cost-effectively by enhancing their 
efficiency. This translates to a potential energy saving of 300 TWh/yr at bus-bar or a peak load 
reduction of over 70 GW by 2030. This potential saving is equivalent to avoiding the construction of 
150 new power plants of 500 MW each. Note that rebound effect may reduce the financial benefit but 
it would not affect the overall consumer welfare benefit.  Also, accelerated efficiency improvement will 
likely strengthen the capacity of Indian manufacturers to compete in the global market. 

In order to realize this large cost-effective potential, a coordinated approach of market push 
(standards) and market pull (awards, labels, and incentives) is needed. First, India’s existing 
standards and labeling program is not mandatory for certain energy intensive appliances such as 
agricultural pumps, industrial motors, fans etc; these appliances should be covered under the 
mandatory labeling program. Second, the stringency level of the labels need to be revised 
significantly especially for energy intensive appliances such as room ACs. Also, the test procedures 
should fully recognize the efficiency gains due to certain technologies e.g. test procedures for ACs or 
Refrigerator labels should recognize the full extent of the energy saving due to operation at partial 
loads, made possible by variable speed drives. For ensuring long term industry support and 
compliance of the labeling program, a long/medium term target should be specified. Such target provides 
a broader policy direction, which informs setting and revision of the interim targets. This approach has 
been successfully used in Japan for its Top-Runner program. An example of the long term target could 
be setting today’s best available technology in India can be the target for market average efficiency 
level by 2022 or making today’s globally available best commercial technology the market average by 
2030. Once such long-term targets are specified, BEE may ratchet up MEPS in the interim years. 
One of the options for an accelerated ratchet up is widening the spread of the star labels, which 
incentivizes more efficient products to be sold on the market. Third, given that the appliance demand 
reduction is cost-effective from consumer as well as utility perspective, ratepayer funds can be used 
to undertake bulk procurement and incentive programs that can address the first cost barrier for 
uptake of efficient appliances. Given the governance challenges in the utility sector, the appliance 
programs could be undertaken by a third party such as Energy Efficiency Services Limited (EESL). 
EESL has been successfully running the largest LED program in the world (distributing 210 million 
LED lamps in 18 months) and has been able to bring the LED process down from $3-4/unit in 2015 to 
about $0.5/unit in 2017.   

Note that for aggressive efficiency improvement, such programs would be crucial for complementing 
the standards revision by pulling up the top of the market. For example, increasing the market share 
of today's five-star appliances will allow an easier transition to the same efficiency level being 
characterized as MEPS few years down the line. Incentive and bulk procurement programs can be 
used in bringing super-efficient (e.g. global best) products to the market. However, design of such 
programs is crucial to ensuring the overall benefits are maximized because of the “freerider” effect 
(i.e. consumers using incentives when they would have purchased the appliance without it or with a 
lower incentive level). See for example Boomhower & Davis [39], where they show examples from 
Mexico’s residential refrigerator replacement program of 2009 and argue that most households would 
have participated even for much lower subsidy amounts. 

Finally, because the peak load contribution of the top-10 appliances could be significant, standards for 
making the appliances demand-response (DR) ready or “smart” are recommended. Smart appliances 
could be used in conjunction with utility DR programs to reduce / shift peak load and also integrate 
variable renewable energy generation in a cost-effective manner. Several countries such as Australia, 
Korea, Japan, USA etc. have adopted or are considering adoption of DR readiness requirements for 
various appliances including ACs, refrigerators, water heaters, and pumps etc. It is also important to 
pursue complementary efforts to reduce or delay the electricity demand from appliances. For 
example, improved building design and cool roofs to reduce or postpone the AC demand.  
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Abstract 

In 2016, the Clean Energy Ministerial launched the Advanced Cooling (AC) Challenge, which 
challenges governments, companies, and other stakeholders to make, sell, promote, or install super-
efficient space cooling and refrigeration solutions that are smart, climate-friendly, and affordable. To 
aid Challenge participants in meeting these goals, the AC Challenge is developing the AC Market 
Tracker, which aggregates data on product models sold online in participant nations and other nations 
of interest, focusing initially on small residential air conditioners, which are expected to be a high-
growth area in emerging markets in the near term.  Automated software gathers public information on 
the air conditioner models sold in each nation, cross-references the data against government energy 
efficiency certification databases, and presents the resulting data to users via interactive data 
visualization tools. The primary objectives of the database are to support (1) determination of market 
baselines, (2) benchmarking and cross-market comparison, (3) procurement of efficient cooling 
equipment, and (4) tracking of market progress toward a more climate-friendly cooling future. In this 
paper, we describe the framework and functionality of the market tracker, as well as the data collected 
to date, and we present example data visualizations and other tools that support the primary database 
objectives. We discuss key insights that can be drawn from the current database.  

Introduction 

In the coming decade, space cooling is expected to be among the fastest-growing electrical end-uses 
globally, as improved electrical service and rising incomes drive rapid adoption of air conditioning in 
the developing world [1]. Over the same period, a major transition will occur in the manufacture of 
space-cooling and refrigeration equipment, as countries begin to implement the Kigali Amendment to 
the Montreal Protocol, phasing down hydrofluorocarbon (HFC) refrigerants, which are the most 
common non-ozone-depleting refrigerants today but which have a high global warming potential 
(GWP), in favor of non-ozone-depleting replacements that have lower GWP [2].   

At present, the global air conditioning market contains a wide variety of products spanning a broad 
range in energy efficiency (EE). Top-performing products that utilize variable-speed compressor 
technology can consume less than half as much energy on average than their fixed-speed 
counterparts at the same cooling capacity. EE thus presents an important opportunity to mitigate the 
impacts of growth in the global space-cooling and refrigeration markets. Implementing a transition to 
efficient cooling technologies in parallel with the Kigali HFC phasedown could roughly double the 
GHG impacts of the Kigali process alone [3], while also dramatically reducing the challenges of 
space-cooling and refrigeration demand growth for local electricity generation and power grid 
infrastructure. 

The Clean Energy Ministerial (CEM) [4] is an international forum that brings together energy ministers 
from major world economies in an effort to accelerate the global transition to clean energy. At its 
seventh meeting, in 2016, CEM launched the AC Challenge [5], which accepts voluntary 
commitments from governments, manufacturers, and other participants, to help drive adoption of 
energy-saving and climate-friendly cooling technology around the world. Government participants, for 
instance, may pledge to implement more stringent EE standards and labeling (S&L) policies for 
cooling technologies, while manufacturer participants may pledge to upgrade production lines to 
produce more efficient cooling products, and other private-sector participants might adopt space-
cooling or refrigeration procurement guidelines that give preference to efficient products. In addition to 
these commitments from individual participants, the AC Challenge will also undertake certain joint 
initiatives that support the broader goals of the Challenge, under the guidance of a steering committee 
of the participating governments (currently comprising Canada, Chile, China, Mexico, India, Saudi 
Arabia, and the United States).   
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The first initiative of the AC Challenge is the AC Market Tracker (ACMT), a set of tools for data 
collection and visualization which collects, aggregates and presents data on global air conditioner 
markets to monitor progress toward the Challenge’s goals. At present, the ACMT focuses specifically 
on small residential room air conditioners—specifically ductless mini-split units—since this is the 
market segment poised for the most significant growth globally in the near future. On a regular basis, 
automated software collects public information on room air conditioner models offered for sale in 
markets of interest, from a variety of different sources including online retailers, manufacturer 
websites, and public-facing government efficiency databases. It collates and compiles the information 
from these diverse sources, presenting the resulting data in an interactive visualization tool that paints 
a coherent picture of the status of each monitored market for policymakers, industry members, EE 
advocates, and other stakeholders in the process of cooling EE deployment.  

The public version of the ACMT is now available on the website of the International Energy Agency 
(IEA) [9], having been formally launched at the CEM 8 meeting in Beijing, China, in June 2017.  In this 
paper (which was composed prior to the development of the IEA-hosted tool), we give a conceptual 
introduction to the ACMT and present visualizations and insights from an earlier prototype of the data 
visualization tool.   In the next section, we describe example uses for model-level market data on 
advanced cooling technologies collected across different international markets. Next we describe the 
data-collection toolkit that provides data for the ACMT, and we summarize the collection strategy and 
the data currently being collected. We then present example data visualizations using the data 
collected so far, describe interactive elements that allow user exploration of the dataset, and discuss 
early insights that can be drawn from the prototype visualizations. Finally, we describe future 
visualizations and applications of the ACMT dataset and the challenges expected in their 
development. 

Example use cases for the Advanced Cooling Market Tracker 

The ACMT aims to compile a comprehensive database of residential room air conditioner models on 
the market in particular countries, with regular updates over time. Such a data set can be utilized in 
several different ways in the context of monitoring adoption of advanced cooling technologies across 
the globe. In the following, we summarize the primary use cases of the ACMT. 

Market baseline determination. In order to set goals for the adoption of efficient cooling technology 
in a given market, it will be important for policymakers to have an up-to-date snapshot of the market, 
to set a baseline against which to measure progress and to identify opportunities for improvement. To 
support this use case, the ACMT will include a basic single-country snapshot view that displays 
statistics and distributions (weighted by the number of models available on the internet market) that 
can yield a basic understanding of the country’s air-conditioning market. These statistics and 
distributions include the following. 

• The distribution of models on the market by cooling capacity. 
• The distribution of models by EE.  
• The distribution of models among the EE labeling categories established by the national 

S&L program. 
• The fraction of models on the market that use variable-speed compressor technology. 
• The fraction of models using particular types of refrigerant. 
• The fraction of models that are reversible (i.e., that can be operated as heat pumps as 

well as air conditioners). 
• Simple price statistics (e.g., median price, typical price range) for models categorized by 

cooling capacity, EE, or other features of interest.  
 

To enable a more detailed understanding of the market, filtering tools will allow the user to view these 
same statistics for a particular segment of the market—for example, one might wish to view the 
efficiency distribution and price statistics for air conditioners within a narrow range of cooling capacity. 

Benchmarking and cross-market comparison. Researchers and policymakers may also wish to 
compare different countries’ AC markets against each other and against top-performing global 
markets. Such comparisons can help to identify high-priority targets for market transformation, or to 
track the inter-market impacts of advances in policy or technology, via diffusion through trade. To 
facilitate such comparisons, the completed ACMT will allow users to select countries of interest and 
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compare them against each other and against global top-performing markets using certain indicators 
of efficiency performance or AC technology adoption in each country. Relevant technological 
indicators might include the fraction of the market utilizing variable-speed technology or the fraction of 
the market using low-GWP refrigerants. Relevant EE indicators might include the fraction of the 
market exceeding some benchmark EE threshold, or the EE of the most efficient product available on 
each market. A complication arises with these EE indicators, however, because standard EE metrics 
for space cooling equipment can have a strong dependence on local climate and therefore may not 
be directly comparable across markets. Thus the cross-market comparison functionality will require 
development of a normalized global EE indicator, or an algorithm for conversion between climates, to 
allow different countries’ EE performance to be compared (see the “challenges and future work” 
section below). 

Tracking market trends. As discussed in the next section, the data collection process underlying the 
ACMT allows the tracker to be updated regularly with freshly collected market data. Over time, it will 
become possible to track trends and progress in each individual market, allowing policymakers and 
grantmaking organizations to observe the real-time impacts of market transformation efforts. For 
example, it will be possible to gauge progress in the availability of super-efficient technology or low-
GWP refrigerants by examining trends in the indicators used for cross-market comparison, compared 
to the values in a top-performing economy.  

Facilitating AC procurement. The ACMT can help to support the procurement of efficient cooling 
technologies by large scale purchasers such as governments or hotel chains. On a simple level, the 
information on efficiency and price available in the market snapshot tool can help to guide the 
development of EE targets that can be met at a reasonable cost. In addition, because the ACMT rests 
on an underlying database of individual air conditioner models currently sold in each market of 
interest, the ACMT could also serve as a tool allowing buyers to identify particular products to 
consider for purchase. This more detailed use case is not part of the current implementation of the 
ACMT, but it could be added in the future to support AC Challenge participants in putting their 
commitments into practice.  

Data sources, collection, and management 

The data inputs for the ACMT include detailed information on the air conditioner models offered for 
sale in each country of interest, including product specifications and features, retail price information 
within each country’s market, and EE metrics measured according to the test procedures specified by 
each country’s EE S&L program. A data set incorporating all of this information has historically been 
difficult to assemble, since the different components have typically been scattered across various 
disjoint data sources. Prices and certain product features are housed at retailers, detailed product 
specifications reside with manufacturers, and certified EE information is held by the relevant 
government agency. Drawing these various data sources together to paint a coherent picture of the 
state of product EE in a market has been very challenging historically. 

To improve this situation, Lawrence Berkeley National Laboratory has constructed the International 
Database of Efficient Appliances (IDEA) [6,7,8], a suite of software tools for collecting, collating, and 
organizing data on the EE, features, and price of appliances being sold on markets around the world. 
Using web crawling and other automated methods, IDEA collects data on appliances of interest from 
online retailers, manufacturer websites, and government certification databases. In addition to the 
automated collection from internet sources, IDEA can also ingest data provided directly by 
governments, manufacturers, or other market actors, when available.  

The IDEA data integration process then identifies unique models across the different sources, and 
combines the information from the various data streams into a single comprehensive record for each 
unique appliance model found offered for sale in a market of interest. Crucially, the IDEA integration 
process identifies product features that are presented in different data sources using different names 
and maps them to a canonical naming convention, allowing a common set of analyses to be applied 
to data from diverse countries and data sources. IDEA is the first fully functional implementation of a 
data-access framework for appliance EE that was developed under CEM’s Super-efficient Equipment 

and Appliance Deployment (SEAD) initiative [10]. Figure 18 shows a simplified schematic of the 
IDEA data collection and integration process. 
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To support the ACMT, IDEA is currently collecting data on ductless mini-split, window, and portable 
air conditioners in several participant countries of the AC Challenge, namely, Canada, China, India, 
Saudi Arabia, and the United States. Automated data collection is underway using web crawling for 
several retailers in each country, and the resulting data are cross-referenced against the public EE 
certification databases that each government makes available as part of its S&L program. Quarterly 
data collection has been underway in each of these countries since late 2016. 

The final data set in each country comprises all models found offered for sale online, with retail prices 
and consumer-relevant features drawn from online sellers and EE metrics and energy-related 
technical specifications (e.g., cooling capacity) drawn from the government certification database. As 
a result, all market distributions shown in the ACMT are model-weighted distributions of products 
offered for sale on the internet market in each country. It is worth keeping in mind that such 
distributions may differ from the distributions of products sold in physical stores, for example if internet 
retailers focus on a higher-end clientele in countries with limited online commerce. However, a 
separate paper in the current session of this conference [11] compares data collected by web-
crawling and by physical store surveys in Indonesia and finds relatively small differences in the 
product distributions by cooling capacity or EE. Moreover, one might expect that the internet market 
would cover both products with mass-market appeal, as might be found at physical retailers, as well 
as niche products, meaning that a data set gathered via web crawling would arguably yield the more 
comprehensive view of the overall market. Additionally, a recent study of retail prices [12] finds that 
there is little difference between the prices of products sold online and at physical stores, across a 
broad range of products and markets, suggesting that price trends observed online can be taken to be 
generally representative of the market at large. 

Market snapshot visualization tools 

Each round of data collection for a given market yields a snapshot of the state of EE and advanced 
technology options in the relevant segments of the space cooling market, which can be explored 

using the snapshot data visualization tools in the ACMT. Figure 19 shows an early prototype of these 
tools for a snapshot of the Chinese market for ductless mini-split air conditioners in late 2016.  

In the top row, annulus plots show the breakdown of the observed mini-split models by EE label and 
technology. At left is a diagram showing the distribution of models among the EE levels specified by 
the China Energy Label program, in which Level 1 represents the most efficient products and Level 3 
the least efficient. As shown, the market is dominated by relatively low-efficiency products, with 
approximately two thirds of all models being rated at Level 3. Next is a plot showing the market 
breakdown by refrigerant fraction, showing that the market has largely, but not entirely, transitioned 

 
Figure 18. Schematic diagram of the data collection and aggregation for IDEA. 
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away from the ozone-depleting refrigerant R22, in favor of the common replacement R410A, which 
has a high GWP. The lower-GWP, non-ozone-depleting refrigerant R32 had a very low penetration in 
the Chinese market during the period shown here. The next plot shows that the majority of mini-splits 
on the Chinese market use variable-speed compressor technology, which creates the potential for 
significant EE gains over fixed-speed technologies. The final plot shows that nearly all Chinese mini-
split models can be run in reverse to provide heating as well as cooling service. 

The second row shows the distribution of models by cooling capacity and by EE metric. At left, the 
cooling capacity distribution appears tightly clustered into four narrow ranges. These peaks 
correspond approximately to standard cooling capacity levels measured in refrigeration tons, namely, 
0.75, 1.0, 1.5, and 2.0 tons. At right is shown the distribution of models by efficiency, where the 
relevant EE metric is the energy efficiency ratio (EER) for fixed-speed units and the seasonal energy 
efficiency ratio (SEER) for variable-speed units. Both metrics indicate the watts of cooling capacity 
that a given unit delivers per watt of electrical power consumed, with the difference that variable-
speed units can achieve much higher efficiency levels because they can operate at lower speeds, 
where they are more efficient, when the cooling load is smaller than their maximum capacity. The 
SEER metric, roughly speaking, represents the expected average energy efficiency achieved over the 
cooling season in a typical weather year in the country specifying the metric. As shown in the plot, 
variable-speed units in China can achieve efficiencies up to 75% higher than typical fixed-speed units, 
corresponding to energy savings greater than 40%. This demonstrates the substantial energy savings 
potential of transforming a space-cooling market like China’s from fixed-speed to variable speed 
technology. 
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At the bottom right of Figure 19 a plot shows the range of retail prices observed for mini-splits on the 
Chinese market, subdivided into quintiles of EE, as well as the mean and median prices in each 
quintile. There is little clear relation between price and EE apparent in the plot; however, as we 
discuss in the next section, the correlation between price and cooling capacity can obscure the price-
efficiency relation when considering the entire market. At the bottom left of the figure is a set of 
filtering tools that allow the user to select subsets of the data for more detailed exploration, or to 
select different countries for consideration. In the next section we present some example insights that 
can be gleaned using these tools. 

 Example insights from early data 

Figure 20 shows the same snapshot of China’s mini-split market as is shown in Figure 19, except 
that the cooling capacity filter has been applied to limit the displayed data to units having a cooling 
capacity of approximately 1.0 tons. The cooling capacity and EE distribution plots (middle row) show 
the distributions for the selected subset as shaded bars, as well as the underlying total-market 
distributions as open bars for comparison. The annulus plots (top row) show that the 1-ton market 
segment is largely similar to the market as a whole, with the exception that the low-GWP refrigerant 
R32 has not yet achieved any penetration in this segment.  

The price-efficiency plot at bottom right, however, shows a much clearer relation between price and 

efficiency than was apparent in Figure 19. For 1-ton units, the price means, medians, and overall 
ranges rise steadily as efficiency increases, indicating that a clear trade-off exists for the consumer 
between long-term energy savings and up-front purchase price. Establishing a price-efficiency relation 
like the one shown here is the first step in a more complete cost-benefit analysis of potential EE 
upgrades for a consumer or potential updates to S&L policy. It is worth noting that the price-efficiency 
relation captured by the market tracker may be different from the relationship between manufacturing 

 
Figure 19. A data-visualization snapshot of the overall distribution of ductless mini-split air 
conditioners in China, as observed in the autumn of 2016. The various data visualizations 
shown are described in more detail in the text. 
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cost and EE, since it includes effects such as the bundling of EE with other premium features and 
other pricing strategies. 

The appearance of a clear price-efficiency relation in the 1-ton segment, when no such relation was 
apparent in the full market, can be explained by looking in more detail at the EE distribution (middle 
right), where one can see that the lowest efficiency portions of the distribution are completely 
depopulated in the 1-ton market segment. Examination of the 0.75-ton segment shows a similar 
effect, suggesting that the least efficient models on the market have relatively large cooling capacities. 
Since larger-capacity models are also more expensive, their overabundance at the lower end of the 

EE range serves to confound the price-efficiency relation visible in Figure 20. This demonstrates the 
importance of controlling for other features that may be correlated with price when using market data 
to determine the price-efficiency relation. Without fully considering such confounding effects, one risks 
misestimating the costs associated with a particular level of energy savings, which might lead to non-
optimal purchase or policy decisions. 

Figure 21 shows a comparison of the annulus diagrams from the snapshot visualization for the 
Chinese market, filtered to show only data for fixed-speed (top) or variable speed (bottom) models. 
The two market segments have markedly different distributions of EE and technology. Whereas the 
fixed-speed market has more than three quarters of its models in the lowest EE labeling category, 
more than half of the variable-speed market falls in the upper two EE levels. In making this 
comparison, it is important to note that the definitions of the EE labeling categories are different for 
fixed-speed and variable-speed models, since the EE metrics are different for the two technologies. 
Variable speed units labeled at a given EE level are generally much more efficient than fixed-speed 
units bearing the same label, meaning that the variable-speed market segment is overwhelmingly 
more efficient than the fixed-speed segment, given the different labeling distributions.  

 
Figure 20. A visualization of the Chinese mini-split market, for the same era as shown in 
Figure 19, but with a filter applied to show only units having cooling capacity of 
approximately 1 refrigeration ton. A much clearer relation between price and EE is 
apparent when the confounding factor of cooling capacity is controlled for. 
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It is also interesting to note that the fixed-speed market segment is dominated by the ozone-depleting 
refrigerant R22, while this refrigerant has been fully phased out in the variable-speed market 
segment, in favor of the non-ozone-depleting R410A (with a small contribution from the low-GWP 
R32). In addition, it is noteworthy that all variable-speed air conditioners in the market are also 
reversible. This may indicate a potential pathway to reducing the cost of variable-speed technology for 
consumers who only desire cooling service (e.g., residents of Chinese cities that have district heating) 
by introducing variable-speed models that do not have a heat-pump mode.  

Similarly, it is possible to use the filtering tools to show the market breakdown for models utilizing 
different refrigerants. This comparison (not shown here in the interest of space) reveals, interestingly, 
that all mini-split units utilizing the low-GWP refrigerant R32 have a Level 3 China Energy Label, 
meaning that R32 air conditioners preferentially have low EE. The reasons for this correlation are 
unclear, but it may be worth further examination, since the low EE will partially offset the greenhouse 
mitigation associated with adoption of low-GWP refrigerants (see [3] for further discussion of this 
point). 

Finally, Figure 22 shows a market snapshot for the mini-split market in Saudi Arabia as of late 2016. 
The impression given is of a dramatically different market from China’s. As would be expected for a 
hot climate like Saudi Arabia’s, the distribution of cooling capacities is weighted toward much larger 
systems than in the Chinese market, and half of the market is made up of cooling-only units. 
Moreover, all observed models are fixed-speed. The fixed-speed EE distribution is skewed to higher 
EER values in Saudi Arabia than in China, reflecting Saudi Arabia’s higher minimum efficiency 
standard at an EER of 3.37 W/W (11.5 BTU/Wh). However, the lack of variable-speed models means 
that the efficiency distribution is also very narrow, with all of the market falling into only two EE 
labeling categories. The relative energy savings available from variable-speed technology may be 
smaller in Saudi Arabia’s hot climate than in China’s more temperate one; however, given the large 
absolute cooling load in Saudi Arabia, it may still be worth exploring whether introducing variable-
speed technology could yield significant energy savings in the Saudi market. 

Challenges and future work 

In the previous section, we demonstrated prototype data visualizations that primarily serve the 
baseline-determination use case of the ACMT. We also showed a simple example of using those 
visualizations for cross-market comparison between the Saudi and Chinese mini-split markets. As 
quarterly data collection continues in the future, it will become interesting to track progress over time 
in the adoption of super-efficient technology and of low-GWP refrigerants in the markets covered by 
the ACMT. The indicators that are developed in service of this market-tracking use case will also 
enable cross-market comparison of past progress and current performance on EE technology 
adoption and the transition to low-GWP refrigerants. 

 

 

Figure 21. A comparison of the market-breakdown diagrams for Chinese mini-split units 
utilizing fixed-speed (top) and variable-speed (bottom) compressor technologies. 
Substantially different refrigerant utilization is apparent in the two market segments. Note 
that the EE values associated with the efficiency labels are different for fixed and variable 
speed products. 

 



 

78 
 

However, there is an added complication that must be addressed when comparing EE performance 
between markets. In the example market comparison shown in the previous section, it was possible to 
compare the EE distributions in the Saudi and Chinese markets because the Saudi Market comprised 
only fixed-speed air conditioners, and the EER metric used for fixed-speed systems does not vary 
with climate. The same would not be true for a comparison of variable-speed systems in two different 
countries, because the SEER metric is computed according to the weather patterns expected over the 
cooling season for a given local climate, according to an algorithm that does not allow for direct 
conversion between climates. There is thus no way for a naïve observer to know whether a SEER of 5 
W/W, say, in market A is better or worse, in terms of energy savings potential, than a SEER of 5 W/W 
in market B. To allow straightforward comparison of arbitrary markets, it will be necessary to develop 
market-level indicators of EE performance for variable-speed air conditioners that can be compared 
across different climates. The development of such indicators is an area of ongoing work within the 
AC Challenge. 

As we discussed when describing the use cases for the ACMT, the data underlying the tracker can 
also be used to help guide procurement decisions for large buyers aiming to purchase high-efficiency 

space-cooling products. For example, by inspecting the price-efficiency plot in Figure 20, one can 
see that, although higher-efficiency products cost more on average than lower-efficiency products, 
there is a broad range of prices at each efficiency level. For instance, as shown in the same plot, the 
least expensive products in the middle quintile of efficiency have approximately the same price as the 
median product in the lowest EE quintile, implying that judicious product selection might allow 
significant energy savings with minimal added cost. Once the basic visualization tools are complete 
for market snapshots, tracking, and comparison, it will be possible to build more sophisticated tools to 
help support the procurement goals of AC Challenge participants more directly, including by allowing 
exploration of individual models that meet specified EE or refrigerant specifications. 

 
Figure 22. Market snapshot visualization for mini-splits in Saudi Arabia in late 2016. 
Comparison with the China snapshot from Figure 19 indicates a substantial difference 
between the two markets in terms of cooling capacity and technology. 
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Finally, looking beyond the use cases envisioned for the ACMT itself, the underlying data can have 
important applications for the development of more effective EE policies and programs in individual 
countries. For example, as detailed in references [7] and [8], it is possible to use appliance data 
collected via the IDEA project to perform simple cost-benefit analyses of appliance EE in a way that 
can be uniformly applied across different countries and appliance categories

30
. As the ACMT builds 

up a significant database of air conditioner models, it will become possible to apply such techniques 
to help support policymakers in individual countries as they work to meet their specific EE and GHG 
goals. 

Summary 

In this paper we have presented the goals and basic functionality of the AC Challenge’s ACMT, as 
well as the strategy and tools used for data collection and management via the IDEA toolkit. Using 
example data, we also presented a prototype of the data visualization and filtering tools for exploring 
a snapshot of a selected country’s space-cooling market, to determine the current status of EE 
performance and establish a baseline against which future progress can be measured. We also 
showed a simple comparison of snapshots in two different countries, demonstrating the significant 
differences that can exist in the space-cooling market from country to country. As mentioned in the 
Introduction, a live, public version of the ACMT is now available on the IEA’s website [9]. 

Because space cooling is among the largest and fastest-growing electrical end-uses worldwide, 
space-cooling EE deployment will be of critical importance for reducing GHG emissions from 
electricity generation over the coming decades, as well as for reducing demand pressure on electricity 
grids. In addition, the planned transition to low-GWP refrigerants under the Kigali amendment to the 
Montreal Protocol will be a crucial step in achieving globally agreed climate goals. By providing a 
simple toolkit for assessing the state of cooling technology in a given market, tracking progress over 
time, and comparing among different countries, as well as guiding procurement and policy decisions, 
the ACMT will serve an essential role in facilitating the global adoption of advanced cooling 
technologies that are both climate friendly and affordable. 
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 This is true even when the EE metrics vary by country, as with SEER for ACs, since the cost-benefit analyses depend on a 
calculation of the annual energy consumption, which sidesteps the inconsistencies between local metrics. 
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Abstract  

Rapid adoption of air conditioners (ACs) in Indonesia is driving an unprecedented increase in 
electricity demand. Meeting this added demand will require an estimated investment of $US40 billion 
in electricity generation. Ambitious energy-efficiency policies are urgently needed to address this 
growing challenge. 

In 2015, the Indonesian government established the first standards and labeling program (S&L) for 
ACs. Lawrence Berkeley National Laboratory (LBNL), through its activities in support of the Super-
efficient Equipment and Appliance Deployment initiative, identified lack of market data as a major 
impediment to development of a rational, effective policy to address AC energy demand in the 
country. This paper aims to establish a market efficiency baseline in order to (1) inform program 
design of the next AC S&L program in Indonesia and (2) allow for tracking the impact of that program 
in relation to a robust baseline. 

LBNL has collected data by deploying the International Database of Efficient Appliances (IDEA) in 
Indonesia. On-the-ground contributors collected data using smart-phone technology, and data were 
also obtained from manufacturer websites and government registration data associated with the 
newly implemented S&L program. The resulting database gives a detailed, robust picture of 
Indonesia’s AC market, including product characteristics, efficiency ratings, and retail prices.  

This paper presents AC efficiency and price distributions according to Indonesian efficiency label 
(star) rating. We include characteristics of products from local manufacturing and imports to address 
Indonesian government concerns regarding local industry. Based on these data, LBNL estimates the 
cost of conserved energy of different efficiency targets and formulate a set of policy recommendations 
to help increase the energy savings from Indonesia’s S&L program. The recommendations include 
revising the S&L program for ACs, increasing stakeholder engagement, identifying regulatory 
barriers/reforms need and institutionalizing the type of analysis presented in this paper for future S&L 
revisions.  

Background  

Indonesia is the largest energy consumer in Southeast Asia, accounting for more than 36% of the 
region’s energy demand. With a strong economic growth forecast and electricity consumption 
expected to increase by 8%-9% per year, the country has significant energy-efficiency potential in 
every economic sector.  

Previous studies from Lawrence Berkeley National Laboratory (LBNL) have evaluated the potential for 
energy efficiency from lighting, appliances, and equipment to reduce future energy demand and 
associated carbon dioxide (CO2) emissions and save consumers billions of dollars in electricity 
expenditures in Indonesia [2] [3]. Other research has forecasted future installed power generation 
capacity using a bottom-up approach to show the potential impact of energy-efficient lighting, 
appliances, and equipment on Indonesia’s peak load [1] [4]. These studies show that the rapid 
adoption of air conditioners (ACs) in Indonesia is driving an unprecedented increase in electricity and 
installed capacity demand. Using recent AC sales data and macro-economic modeling, we estimate 
that 75 million AC units will be added to the stock between 2015 and 2030 [5]. Meeting this added 
cooling demand will require an estimated 20 gigawatts (GW) of additional capacity, representing an 
investment of $40 billion in electricity generation [6]. The studies also show that increasing the 
energy-efficiency of AC technology has the potential to save significant energy. Ambitious energy-
efficiency policies are urgently needed to transform the market toward more efficient ACs and address 
the growing energy challenge posed by the growth in AC use. 
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Figure 1 – Savings Potential by End Use from Peak-Load Analysis for Indonesia 

 

Source: LBNL peak load analysis [1] 

Note: Peak-load analysis shows that 50% of energy-efficiency potential from appliances in 2030 is 
attributable to ACs [3]. 

LBNL, through its technical assistance activities in support of the Super-efficient Equipment and 
Appliance Deployment (SEAD) identified that Indonesia’s S&L program for ACs could be more 
stringent to achieve energy-efficiency savings, which otherwise will remain untapped. Our 
collaborators at the Indonesian Ministry of Energy and Mineral Resources (MEMR) had identified lack 
of market data as a major impediment to establishing more ambitious AC efficiency programs.  

This paper aims to establish a market efficiency baseline in order to (1) inform program design of the 
next AC S&L program in Indonesia and (2) allow for tracking the impact of that program in relation to a 
robust baseline. Finally, we offer recommendations based on evidence from the market and our 
discussions with MEMR and stakeholders in Indonesia. 

Indonesia Standards and Labeling Program Status and Prospects 

MEMR is responsible for implementing energy-efficiency and conservation programs [7]. Because of 
the potential for improving appliance energy efficiency, Indonesia has been developing minimum 
energy performance standards (MEPS) and energy-efficiency labels. In 2010, MEMR established the 
Directorate General (DG) of New Renewable Energy and Energy Conservation (EBTKE). Under this 
DG, the Directorate of Energy Conservation (DEK) develops and implements energy conservation 
programs. DEK works in all sectors—industrial, residential, commercial, transportation—and 
communicates with the relevant ministries in these sectors.  

The first draft regulations were developed with the support of the Barrier-Removal for Efficiency 
Standards and Labels (BRESL) program and covered the following products: compact fluorescent 
lamps (CFLs), ACs, refrigerators, fans, rice cookers, and motors. With the development of draft 
regulations for these seven products, the BRESL program ended in 2013 [8]. More recently, MEMR is 
considering adding light-emitting diode (LED) lamps, washing machines, electric irons, and televisions 
to the S&L program.  

The first star label was made mandatory for CFLs in 2014 and took effect in June 2015 [9]. The first 
MEPS regulation for ACs was issued in 2015 and took effect in August 2016 [10]. The AC regulation 
defines a labeling scheme from one to four stars, with a mandated minimum efficiency level of 2.5 
energy-efficiency rating (EER) for one star and 3.05 EER for four stars. 

The Association of Southeast Asian Nations (ASEAN) Standards Harmonization Initiative for Energy 
Efficiency (SHINE) program has supported Indonesia’s AC MEPS. ASEAN SHINE has worked with all 
ASEAN economies to harmonize standards across the region. In Indonesia, the SHINE program work 
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resulted in a regional target of 2.9 EER [11] and adoption of a national roadmap to reach this level by 
2020, with an intermediate target level at 2.65 EER in 2018 [12].  

Figure 2 compares the Indonesia MEPS, high-efficiency label (4 star), and planned roadmap in 
comparison with relevant MEPS and voluntary targets in Asia.  

 
Figure 2 – Regional Benchmark for Air-Conditioner Regulations 

 

Source: Authors’ own elaboration based on [10][11][13]  

 

As illustrated in Figure 2, in comparison with other countries in the region, Indonesia’s MEPS and 
labeling program are not very ambitious. As a result, a large portion of energy-efficiency savings 
potential remains untapped. These untapped opportunities negatively affect the following 
stakeholders in the following ways: 

 

 Consumers – Indonesian consumers and businesses who buy low-efficiency units waste 
money in electricity bills over the appliance’s lifetime. In view of the long hours of AC use and 
market electricity tariffs,

31
 we estimate that the average consumer can save $US150 over the 

lifetime of an AC by switching to more efficient technology, amounting to $US12 billion 
savings by 2030 in consumer expenditures at the national level. 

 Local manufacturers – Local manufacturers are missing business opportunities to increase 
cash flow by selling more energy-efficient units. Selling “economic” ACs that would save the 
consumer money would increase local brand popularity and competitiveness against imported 
units. In the medium term, Indonesia’s local manufacturers could also compete on the export 
market. 

 Utility and other electricity supply providers – Each AC bought for the first time adds 
approximately 350 Watts (W) of electricity demand to the grid (based on the AC usage load 
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 As of March 2015, the household customer class with connections of 1,300 volts ampere and above, the business class with 
medium and large power connections, and most government classes have already reached or exceeded the market price 
that the State Electricity Company (PLN). targeted, around 1,350 Indonesian Rupiahs ($US 0.10) per kilowatt-hour. 
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shape and peak-load analysis in [4]). Using an average cost of $US2/W, this is equivalent to 
$US700 per new AC, much more than the price of the AC itself. Even for consumers in the 
high-tariff category, it will take many years for electricity service providers to recover their 
initial investment to meet this added demand. The role of public utilities is to provide the 
electricity necessary to meet customer demand, but it is important for utilities to consider the 
business opportunity of energy efficiency. Further insights on cost of conserved energy (CCE) 
for high-efficiency versus standard units are presented in Table 2 below. 

 Nation – Efficient electricity use is key to achieving Indonesia’s CO2 mitigation goal. We 
estimate that 57 million tons (Mt) CO2 could be saved each year from more efficient ACs 
alone, amounting to 390Mt CO2 between now and 2030.  
 

These energy-efficiency benefit estimates are based on our international experience and ballpark 
numbers generated to make the case for energy-efficiency policies that address AC demand in 
Indonesia. To develop effective, rational AC regulations, detailed data are needed to characterize AC 
market players, technology, price, and efficiency. The following sections describe our work to support 
MEMR in increasing the stringency of Indonesia’s AC S&L program.  

Data Sourcing 

An essential first step in developing effective energy-efficiency policy is an analysis to determine the 
features of typical products on the target market and the range of efficiency levels from products on 
the market. This market analysis forms a baseline against which to evaluate the potential impact of 
new policy actions and enables us to determine the degree to which some products currently 
available on the market exceed the baseline. 

Our market analysis relies on three main data sources, described in the subsections below. 

Certification Database 

Since MEMR began implementing the AC S&L program, the certification database has become an 
available source for product information. MEMR provided this robust data source as part of the SEAD 
collaboration. MEMR generates registration numbers for certified products that meet the MEPS. A 
certification body accredited by the national committee of accreditation (KAN) certifies products after 
they are tested by an accredited test laboratory. MEMR collects the data from the certification body 
and test laboratories. The data include applicant (importer/distributor, manufacturer), product brand, 
model number, product characteristics and features (cooling capacity, inverter), EER, and origin 
(locally produced or imported).  

 
Figure 3 – Certification Process for ACs in Indonesia 
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Source MEMR  

 

The AC S&L program took effect in August 2016, so the government certification database is still 
under construction. Nevertheless, at the time of this paper’s publication, 330 models had already 
been tested, certified, and registered in the database. MEMR believes that the database covers most 
units that are being sold on the market. MEMR started market surveillance activities in 2017 with a 
check-testing program where sample units have been taken from the market in three locations (so 
far): Bandung, Yogyakarta and Denpasar. The units will be sent in a laboratory to be tested and verify 
the information submitted to the certification database. At the time of this paper’s publication, test 
results are not available.  

Web Survey: International Database of Efficient Appliances 

As discussed earlier, the major barrier to the optimal implementation of Indonesia’s S&L program is a 
lack of market data. This issue is very common and particularly acute in developing countries. To help 
resolve this data gap and support development and implementation of effective S&L programs around 
the world, LBNL has developed the International Database of Efficient Appliances (IDEA) [14]. IDEA 
compiles data from a wide variety of online sources to create a unified repository of information on 
efficiency, price, and features for a wide range of energy-consuming products on global markets. To 
our knowledge, IDEA is the first fully functioning implementation of a global data-access framework 
[15]. 

In Indonesia, IDEA draws data from a variety of disparate sources, including online retailers, 
manufacturer websites, and MEMR certification database presented above.. IDEA combines the 
information from these existing sources of public data, which are currently dispersed across the 
internet, into a rich data set. Figure 4 illustrates the different components in building a unified product 
database.  

 
Figure 4 – Building a tool for Data Mining - IDEA Framework 
 

 

Source: Authors’ own elaboration  

 

IDEA has been deployed for Indonesia since October 2015 and has been enhanced with MEMR’s 
certification database since the implementation of the AC program. IDEA is currently collecting data 
using automated web crawling software to extract data from from two large online stores (Bhinneka 
and Lazada) and large department stores with e-commerce interfaces (Electronic City and Wahana 
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Superstore). Data are also cross-checked with 10 manufacturer websites before being integrated with 
the MEMR certification dataset using IDEA software tools for data cleaning and data matching.  

The IDEA data set has many valuable applications in energy-efficiency policy development and 
program implementation support, including market monitoring and impact evaluation. With the 
capacity for regular, automated data updates from public, online data sources, IDEA enables real-time 
tracking of market trends, including a market’s energy-efficiency progress and price trends for efficient 
technology (e.g., as in [16]). IDEA also allows comparison of markets between countries to support 
international benchmarking studies. 

Retail Survey: Premise Data Set 

A data set was collected to provide a “reality check” for IDEA. In collaboration with Premise, a 
company that offers real time macroeconomic data collection powered by a global network of 
contributors, LBNL conducted an initial baseline measurement exercise to collect data on the price 
and energy-efficiency labeling of air-conditioning units in Indonesia [17]. Between February and April 
2016, Premise deployed on-the-ground contributors to capture, through smart-phone applications, 
hundreds of observations in cities and rural areas across the country. Figure 5 shows examples of 
Premise AC data documenting model number, brand, cooling capacity, price, efficiency, geographical 
area of data collection, and number of observations recorded. 
Figure 5 – Screenshot of Premise Data Platform 

 

Source: Premise  

These data provide an understanding of (1) the product mix of air-conditioning units in “brick and 
mortar” retail, (2) pricing of ACs relative to specifications and features, and (3) the current level of 
energy efficiency available on the market from various brands/manufacturers.  

Data Sourcing - Summary 

Because there is no single source for all market data needed to establish a successful program, a 
country/program seeking to collect data for this purpose should evaluate the optimal approach based 
on the technical and financial resources available.  
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Table 1- Summary of Advantages and Disadvantages of Data Sources 

 

 Advantages Disadvantages/Possible Bias 

Government Data: 
Certification Database 

-Certified efficiency 
-Certified features 
-Imports vs. domestic production 

-Under construction 
-No indication of popularity 
-No indication of availability 

Web Survey: 
IDEA  

-Automated data collection  
-Accurate price data 
-Tracking of price and efficiency 
trends 
-Popularity 
-Availability 

-Depends on data quality from 
E-commerce and government 
database 

Retail Survey:  
Premise Data Set 

-Retail stores carry most popular 
AC models  
-Price data 
-Location data 

-Issue with data quality for 
technical data (can be fixed 
with pre-defined fields/training) 
-Study needs to be 
commissioned 

 

Data Analysis and Results  

The following section presents some analysis of the data from IDEA, combined with information from 
the Premise data set, MEMR’s certification database, and the local manufacturer association 
(GABEL) when possible. 

Product Characteristics 

Product characteristics, such as cooling capacity and technology type, are important to analyze 
because they can differ from one country to another depending on availability, affordability, and 
cultural preferences.  

Cooling Capacity 

In Indonesia, we find that small-capacity ACs are very popular. The manufacturer association refers to 
them as “low-wattage” units. They are designed to serve households with a low volt-ampere (VA) 
connection. We find that units below 1 refrigeration ton (RT), equivalent to 12,000 British thermal units 
per hour (Btu/hr), account for approximately 80% of the market. The breakdown of ACs on the market 
by cooling capacity from Indonesia and China [18] shows that the Indonesia market has a high share 
of very small AC models (Figure 6). 
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Figure 6 – Cooling Capacity Distribution 

 

Source :Authors’ own elaboration  

The size of an AC unit affects unit energy consumption (UEC) and thus electricity bill savings. Unit-
level cost-benefit analysis and other impacts on consumers should be assessed carefully.  

Inverter ACs 

An interesting attribute of ACs that greatly impacts energy performance and price is inverter 
technology.  Inverter ACs can run at part load, which increases their efficiency compared to units that 
do not have inverters.  

The share of models with inverter ACs is relatively small, at 17%, compared to traditional fixed-speed 
ACs in Indonesia, based on the number of models collected by IDEA. Premise data show that 28% of 
models have inverters whereas the certification database reports that 29% of models have inverters. 
The manufacturer association, GABEL, estimates the sales market share of inverter ACs at about 7%.  

Given the substantial incremental cost of inverters, it is likely that the share of certified models with 
inverters is larger than the share of units with inverters on the sales market as a whole. 

Efficiency Distribution 

Efficiency distributions are important for characterizing possible targets of a MEPS program. These 
distributions also form a basis for scaling star label categories so that consumers can identify the 
high-efficiency products on the market.  

The three data sets show a similar efficiency distribution of models among the four different star levels 
according to Indonesia’s current labeling policy (Figure 7). This provides the data to understand the 
need for increasing the energy efficiency requirements in 2018 and 2020 S&L policies, with more than 
75% of products currently in the 4 star bin.  
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Figure 7 – Efficiency Distribution by Star Label 

 

Source :Authors’ own elaboration  

To further understand the distribution of currently available AC products, we examined the product 
data in increments of 0.3 EER (Figure 8). This data shows the efficiency distribution by EER (W/W) 
and can be used to inform a re-scaling of the 2018 and 2020 S&L policies. 
 
 
Figure 8 – Efficiency Distribution by Energy-Efficiency Ratio 

 

Source :Authors’ own elaboration  
 

Price versus Efficiency 

A key insight from IDEA is characterization of the relationship between retail product price and 
efficiency. This relationship is critical for understanding the impact of the program on consumers and 
for designing a well-founded 2018 and 2020 S&L policies. We calculate average price by efficiency 
bin for small AC units (<12,000Btu/hr), which account for 80% of the AC units surveyed. We find 
minimal increase in the retail prices for increasing the efficiency up to 3.3 EER (Figure 9). 
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For AC units with an EER above 3.3, prices tend to rise more rapidly because inverter technology is 
more prevalent. 

 
Figure 9 – Price vs. Efficiency for Small Air Conditioner Units (<12,000 Btu/hr) 

 

Source :IDEA Indonesia 
To evaluate cost effectiveness at the unit level, we calculate the CCE of the different efficiency 
options. CCE is defined as the incremental equipment retail price divided by annual energy savings. A 
consumer discount rate is used to annualize the incremental price of high-efficiency equipment. The 
unit of CCE is cost (in $US) per kilowatt-hour (kWh), which makes CCE directly comparable to 
electricity prices. CCE is compared to the marginal price of electricity that the user pays (residential or 
commercial tariff, depending on connection type) or that the utility pays for generation on the margin. 
If the CCE is lower than the cost of electricity, then the option is cost effective. 
 
Using retail prices is not ideal because these prices may include markups that reflect aspects other 
than just the cost of higher efficiency (especially at the high end of the market). To estimate prices of 
efficient units, we usually recommend using an engineering approach that builds on tear-down 
analysis and component costs. Because retail prices are higher than engineering-based prices, we 
overestimate the cost of efficiency, which makes our approach conservative. Even under these 
circumstances, all options are cost effective from different points of view (Table 2).  
 
Table 2 – Cost of Conserved Energy of Various Efficiency Targets 

Market Segment EER UEC Price CCE 

   W/W kWh $ $/kWh 

MS #1 (Below 2.9 EER) 2.75 1651.9 228   

MS #2 (Below 2008 Chinese MEPS) 3.05 1487.2 254 0.036 

MS #3 (Incremental) 3.35 1354.1 271 0.032 

MS #4 (Incremental) 3.65 1242.8 314 0.047 

MS #5 (Above 3.7 EER) 4.34 1046.0 415 0.069 

Additional input data: Average size below 1RT: 7560Btu/hr, Discount rate: 12.4%, Hours of use: 
5.6hrs/day, AC Lifetime 7 years 
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Given that the typical cost of electricity for unsubsidized customers is around 10cts/kWh, all options 
are cost effective from the consumer point of view. From the utility point of view, the market price of 
electricity is at least of 10cts/kWh (and much higher at peak demand), so all the options are also very 
cost-effective from their point of view.   

Local Manufacturing  

As shown above, all efficiency targets are cost-effective for most stakeholders and potential for the 
national benefits are large. One of the sticking point in getting more stringent standards in place has 
been local manufacturer opposition. The following data and analysis offers some insights to support 
further discussions with local manufacturers and offer possible solutions to enable benefits for 
consumers, utilities, and society as a whole. 

The Premise data set offers insight on what brands are sold in stores, and the certification database 
offers insights on the products that are registered for import and for local manufacturing. The 
certification database provides insights into the potential impacts of a MEPS removing star-levels and 
a rescaling of the label (Figure 10).  

 

Figure 10 – Local Manufacturer vs. Importer AC Efficiency in the Certification Database 

 

Source :[10] and MEMR certification database 

Through these data sets, we find that: 

 All 1-star AC models are imported.  

 80% of the locally manufactured and assembled AC models are certified at the 4-star level. 

 Nearly 20% of the AC models are locally manufactured or assembled.  

 100% of local manufacturers have at least one 4-star certified AC model. 

 The market is dominated by international brands; four brands (Samsung, Sharp, Panasonic, 
LG) represent 75% of the models are either imported or assembled locally, and include both 
some of the most efficiency and some of the least efficiency products. 

 Three local manufacturers have only assembly factories (i.e. no production lines). 

The data also demonstrates there is a range of product efficiencies available from all manufacturers, 
but that five importers are currently offering the least efficient suite of products (Figure 11). This 
indicates that there is an opportunity to eliminate low products in the coming years without impacting 
local manufacturing.  
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Figure 11 – Efficiency Range by Supplier in the Certification Database 

 

Source :[10] and MEMR certification database  

Another interesting finding from IDEA is that the price of ACs produced locally is actually cheaper than 
ACs that are imported. This remains true at every efficiency level, making local industry quite 
competitive on the Indonesian market, even at higher efficiency levels. Higher standard would not 
lessen competitiveness and may even increase market shares of Indonesian products, given their 
price point. The following figure illustrates this finding for units <12,000Btu/hr, which represent the 
98% of the local production.  

 
Figure 12 – Prices of Imported ACs vs Locally produced 

 

Source :IDEA Indonesia 
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Conclusions and Recommendations 

Given that most of the market is already above the four star level, the current and planned regulations 
for ACs in Indonesia will have no or limited impact. Based on the data we collected and discussions 
with our partners at MEMR and other ministries, we recommend the following actions (which can take 
place in parallel): 

 

Re-open the S&L development process for ACs: A signal must be sent to stakeholders and the 
international community that EBTKE will revise the current planned regulations in light of new 
evidence from the market. The new process should include technical analysis and quantification of 
impacts on all stakeholders. The MEPS selection should be based on criteria such as maximization of 
consumer welfare, national benefit, and no decrease in local industry competitiveness. The label 
should clearly indicate to consumers which units are high efficiency (these should represent no more 
than 20-30% of the market).  

 

Stakeholder engagement: A steering committee should be formed including all of the ministries 
involved in energy and infrastructure planning, finance, and industry.

32
 EBTKE needs to assess 

carefully the barriers and needs relevant to the different stakeholders in order to raise the level of 
ambition of the S&L program. This can be done through interviews with individual manufacturers. It 
will be important to include civil society (e.g. consumer association, environmental organization) in 
stakeholder meetings.  

 

Regulatory reforms: It is important to identify which regulations create barriers to the implementation 
of energy-efficiency programs. Based on the data we collected, it seems that there is no technical 
barrier to meeting efficiency standards higher than those currently in effect or planned. Therefore, 
attention should be focused on regulatory barriers and modifications. For example, the law that 
imposes taxes on import of components but not on entire units should be reviewed by the steering 
committee. At the same time, some additional regulations may be needed to enable investment in 
energy efficiency (assembly-line retooling, consumer programs). 

 

Data and analysis: Efforts to build MEMR’s capacity to collect and analyze data should be 
maintained as the S&L program grows. Evidence from the market will be key for market monitoring, 
verification, and evaluation activities to check that the program is delivering the intended savings, 
making efficiency a viable resource for Indonesia’s energy future.  

 

Given the similarities in markets within the ASEAN region, it is likely that the baseline efficiency and 
prices presented in this paper are relevant for other economies in the region. In future revisions of the 
regional ASEAN roadmap, careful consideration should be given to market baselines in order for the 
program to remove inefficient models and transform the market towards more efficient products. The 
case of Indonesia and ASEAN is not an isolated case. Many countries tend to be conservative in 
setting standards because of a lack of market data and impact analyses. We hope that our research 
has helped draw the attention on this common pitfall and that our tools and analysis will contribute to 
impactful market transformation programs in Indonesia and around the world. 
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 A similar committee has been recently created to discuss the implementation of a roadmap for appliance energy efficiency to 
reach a 10-GW savings target by 2025. 
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Abstract 
 
A trend among state agencies is to include various subsets of non-energy benefits (NEBs) into 
benefit-cost (B/C) tests.  NEBs, or non-energy impacts (NEIs), can reduce bias in the cost-
effectiveness tests, improving program investment decisions.  This paper summarizes the approaches 
states are taking to incorporate NEBs in tests including: 1) adders 2) “easy to measure” NEBs; 3) all 
NEBs; and 4) a hybrid adder/estimation approach.  

 
We examine collaborative procedures in states that are incorporating NEBs through changes to the 
Technical Reference Manual (TRM) – a process that involves identifying and developing measure-
based NEBs. 

 
In the paper, we: identify those NEBs that are appropriate for inclusion, and the common ranges for 
values; provide case studies, and identify patterns in the approaches and values being used in 
different states; update states that have taken basic adder approaches vs. more aggressive 
approaches in NEBs; and, identify values of measure-independent NEBs and measure-based NEBs. 

 
Finally, we discuss treatments and values in B/C work and implications related to bias, risk, and cost, 
and address directions and recommendations for the future.   

 
Introduction 
 
This paper provides information on five main topics related to NEBs

33
 and their adoption / integration 

into Cost-Effectiveness Tests: 

 Background – We discuss the range of NEB values for the most studied program types, 
research on measure-based vs. program-based NEBs, and remaining gaps. 

 Review of approaches – We focus on the four main approaches used for incorporating NEBs 
into B/C tests; the ranges of values adopted, where they are used, , and the relationship to 
estimated NEBs. 

 Sources and size of risk in B/C computations, for context relative to NEB variability. 

 The variety of strategies being used to introduce NEBs into deliberations on updates to B/C 
tests around the country. 

 Finally, we provide directions and recommendations for the future. 

 
For background, NEBs are the net of the positive and negative impacts, above and beyond energy or 
bill savings, that are realized as a result of energy efficiency programs or measures.  NEBs from a 
weatherization program may accrue to the utility (e.g. better bill payments resulting in financial 
benefits, fewer line losses, etc.); society (e.g. fewer emissions from power production, job creation); 
and participants (e.g. greater comfort).  Business-specific NEBs from a commercial energy efficiency 
(EE) program like daylighting may include worker productivity, increase sales, and other impacts.  
NEBs can be positive or negative (examples include more complicated maintenance, unaesthetic 
equipment, etc.), but by and large, research has shown that the overall NEBs from a program or 
measure tend to be positive.  Obviously, some NEBs are more readily quantifiable than others.   
 
 

                                           
33 Known as Non-energy benefits, non-energy impacts, omitted program effects, multiple benefits, and other terms.  We 
use the traditional NEB terminology, recognizing it is the net of positive and negative effects.  We prefer NEB or non-
energy impacts (NEIs). 
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Measuring NEBs, Estimating Value, Research, and Gaps 
 
Research conducted on NEBs over the last 22 years has led to a multitude of measurements, 
including estimates derived from: 

 direct measurement of impacts (e.g. arrearages, sales, test scores, etc.);  

 secondary data combined with impact estimates (e.g. operations and maintenance, 

 lifetimes, illnesses, insurance risk, water savings);  

 detailed models (e.g. emissions, jobs / economic impacts); and  

 surveys (e.g. comfort, control, etc.).   

 

Direct measurement: In some cases, NEBs can be directly measured, using records, statistical 
analysis on impacts, or other direct methods (e.g. arrearages, sales impacts).  Regressions or direct 
measurement are available for some applications; they have been used for a limited number of 
studies of productivity changes, and for disaggregating program level NEBs to individual measures 
(reviewed in Skumatz 2009). 

 

Secondary data: A substantial number of NEBs categories can be estimated or bounded using 
information from secondary literature. The calculation is based on the program-attributable change 
times the value of that change, with one or more of these inputs derived from secondary data. 
Examples include reduced fire incidence from safety improvements times insurance values from 
tables providing the damage to life and property from fires, water savings estimated using average 
usage from water association data and customer rates from national tables, value of changes from 
fewer bill-related phone calls, and other NEBs. 

 

Models: Affordable, peer-reviewed, third-party models are available and have been particularly 
applied to estimating NEBs for two major categories: emissions and job creation/economic impacts. 
The key analytical issue is to measure net impacts, estimating impacts compared to an appropriate 
base case.  Emissions valuations can be derived from markets or regulatory proceedings or other 
appropriate sources. 

 

Survey-based monetization: Estimation of many important participant-side NEBs like comfort are 
best estimated using specialized surveys. The methods that are now most common industry standard 
were pioneered in the late 1990s and early 2000s (Skumatz 2002 for summary), and are based on 
academic methods that ask participants to rank or value the NEBs relative to other services derived 
from the program and measures, rather than relying on willingness-to-pay or other approaches, to 
develop monetized NEBs. 

 

Deeper reviews of the measurement approaches are provided in other reports (Skumatz 2010b, 
Skumatz 2009, TekmarketWorks and Skumatz and Megdal 2001). The key, however, is to use 
approaches that allow monetization of the NEBs so they may be included directly in benefit-cost 
applications and the other uses mentioned in this article. To do less ignores the progress of 20 years 
and reduces the uses to which the values can be applied. 
 
Estimates for NEBs values have been made for both residential and commercial sector programs, as 
well as solar, real time pricing, commissioning, and many other programs (See BeMent and Skumatz 
2007, Skumatz and Khawaja 2009, and others). The value of NEBs is substantial, as it is not 
uncommon for NEBs to exceed the value of the direct energy savings. Participant NEBs make up the 
bulk of the overall NEBs value.  Using residential weatherization and/or Energy Star / Home 
performance / retrofit programs as an example it is among the most studied programs.  Figure 1 
presents a summary of ranges and typical values for key categories of NEBs for these programs.  
Typical values, based on a literature review for of retrofit and weatherization programs, are presented 
in Figure 1.  The percentage and dollar columns are not quite comparable; some studies were 
presented in a way that precluded translation to the other format, so the study lists are not identical 
between the columns. 
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Figure 1:  Summary of Ranges and “Typical” Values for NEBs for Weatherization / Retrofit 
Programs   

 
1. Relative consistency indicator:  ** low variation / relative consistency across programs; * low 

variation / relative consistency within program types; ~somewhat consistent;  
2. Variations by program, target audience, or limited variation by program are noted in the last 

column.  Percentages represent percent of the customer’s program savings (bill savings).   
3. Note the percentage and dollar savings columns include some different program lists, so they 

are not strictly translatable. 
4. (Source: Skumatz 2014) 

 
The total of the multiplier values for NEBs, which are applied to the energy savings estimate, for each 
of the three main classes of NEBs are summarized below. 

 Utility NEBs:  In Figure 1, the total of these factors are valued at about  24% of the program’s 
energy savings; excluding benefits associated specifically with low income factors, the 
remainder is about 8%. 

 Societal NEBs:  Figure 1 shows that societal NEBs total about 55% of the value of energy 
savings, with the largest shares represented by economics (31%) and emissions (about 7%, 
conservatively) 

 Participant NEBs:  Figure 1 shows that participant NEBs, including those associated with low 
income program elements, total to about 144% of the value of household bill savings; 
excluding low income effects (payments, home improvements, hardship), the NEBs total 
about 111%. 
 

The way in which these values are used in cost-effectiveness tests is described later in the paper. 
 

Subtotals by major categories Dollar NEB Values Typical Percentage NEB Values Typical Consis- Varies with Pgm

Weatherization Programs Range  Low-High Value Range  Low-High Value tency Target Audience, etc.

UTILITY PERSPECTIVE

Payment-related $2.55 - $14.50 $6.40 1% - 14.5% 4.7% * Pgm

Added if Low Income subsidies avoided $3.00 - $25.00 $13.00 4% - 29.0% 16.4% * Pgm & target

Service Related $0.10 - $8.50 $3.25 0.1% - 2.7% 0.8% * Pgm

Other Primary Utility $0.13 - $2.60 $1.40 2.1% - 3.3% 2.4%

TOTAL UTILITY NEBs $5.78 - $50.60 $24.05 7.4% - 49.5% 24.4%

UTILITY NEBs MULTIPLIER 3% - 25% 12%

SOCIETAL PERSPECTIVE

Economic $8.00 - $340.00 $115.00 3.0% - 237.6% 31.1% * Pgm

Environmental / Emissions $3.00 - $180.00 $60.00 0.7% - 57.9% 7.1% ** Ltd variation

H&S equipment / fires $0.00 - $0.30 $0.00 0.3% - 0.3% 0.0% Pgm

Health Care $0.00 - $0.00 $0.00 0.0% - 0.0% 0.0% Pgm

Water / Wastewater infrastructure $1.00 - $28.00 $15.00 0.9% - 33.1% 17.0% Pgm

TOTAL SOCIETAL NEBs $12.00 - $548.30 $190.00 5.0% - 329.0% 55.3%

SOCIETAL NEBs MULTIPLIER 6% - 274% 95%

PARTICIPANT PERSPECTIVE

Water and Other bills $2.85 - $54.00 $15.00 4.5% - 63.4% 20.0% * Pgm

Financial / customer service $0.27 - $36.70 $3.60 8.7% - 16.4% 3.4% * Pgm & target

Economic Dev'p / Hardship $0.00 - $115.00 $75.00 26.3% - 55.3% 8.0% Pgm & target

Equipment Operations $26.00 - $127.00 $82.00 17.1% - 42.7% 28.4% Pgm

Comfort, Noise, Related $26.00 - $105.00 $69.00 12.2% - 51.3% 26.6% * Pgm

Health / Safety $3.02 - $100.50 $16.50 1.5% - 59.5% 12.8% * Pgm

Control / Education and Contributions $26.25 - $177.00 $89.75 19.8% - 72.0% 26.2% * Pgm

Home Improvements $10.50 - $77.00 $36.00 8.3% - 38.4% 18.8% ~ Pgm

Special / reliability / other $0.00 - $4.05 $0.00 0.0% - 4.8% 0.0% Ltd, target
TOTAL PARTICIPANT NEBs $94.89 - $796.25 $386.85 98.5% - 403.8% 144.1%

PARTICIPANT NEBs MULTIPLIER 47% - 398% 193%

All NEBs Multipliers: 

Relative to Bill Savings

Utillity 3% - 25% 12% 7% - 49% 24%

Societal 6% - 274% 95% 5% - 329% 55%

Participant 47% - 398% 193% 99% - 404% 144%

ALL Multiplers - relative to bill savings 56% - 698% 300% 111% - 782% 224%

NOTE: Ltd variation for emissions are for peak / off-peak focused programs.
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Although both residential and commercial values have been studied since 1994, gaps remain, 
especially in the area of measure-specific NEBs

34
, presumably because many programs deliver 

packages of measures, and the evaluations are program-wide.   The following paragraphs summarize 
progress and remaining research gaps. 

 

The Statistical Consistency and Transferability of Estimated NEB Values:  Statistical analyses 
have identified that the transferability of NEB values varies based on their primary driver (Skumatz 
2015c).  Some NEB values may be quite transferable for similar programs / similar participants across 
geographies (e.g. some patterns in arrearages); others are transferable between programs and 
measures within the same utility (e.g. emissions for peak vs. baseload programs, as a multiple of 
energy saved).  Some are very location, program, and measure-dependent (e.g. economic multipliers 
depend on local industry / jobs mix and program measures, health and safety).  Many participant 
NEBs (e.g. comfort) depend on installation of specific types of measures (e.g. shell or heating / 
cooling) but also climate.

35
  Others primarily depend on measures installed (e.g. home improvements, 

water savings, adjusted by local water rates).  There is some indication that the NEB values may be 
less climate-dependent if the NEBs are expressed as a percent of energy savings rather than dollar 
values.   

 

Measure-based NEBs:  Estimating NEBs associated with specific measures (measure-based NEBs) 
is one approach that has been recently raised to try to make NEBs more transferable.  Then, 
presumably, specific NEB values could be added and subtracted as measures are added and 
subtracted.  One complexity arises; much as there are interactive effects for impact evaluations, there 
are almost certainly interactive effects in NEBs (Gardner and Skumatz 2006).  While there are some 
single-measure programs, and NEB studies have been conducted on a number of these programs 
(e.g. work on air conditioners, commercial motors, refrigerators, etc.), the second complexity is that 
most programs – and most NEB studies – have concerned multi-measure programs.  Virtually no 
studies have collected NEB data both program-wide and for specific contributing measures

36
 (one 

study is currently underway in the Northeast).  This measure stratification is probably the best 
approach, as it may be most flexible under different program designs.  However, there are several ex 
post options:   
1. Across the board / no disaggregation, and assign all program measures the same program-

level multiplier.  While expedient, it is not correct (since comfort is commonly the largest NEB, 
it doesn’t make sense to assign its contribution to water measures), but it may be a short-term 
option. 

2. Savings Share:  The NEB value could be allocated based on share of savings the individual 
measures produce.  This was explored successfully in the Northeast (NMR, 2011).   

3. Regression:  Given NEB values, and the presence / absence of specific measures, regression 
analysis can be used to tease out the share of NEB value attributable to each measure, and 
even household / demographic characteristics.  This has been successful (Gardner and 
Skumatz 2006).  This last regression approach has the greatest appeal for defensibility, if 
data are available. 
 

Gas vs. Electric NEBs:  After reviewing the literature, it was uncommon for a study to explicitly 
identify the NEBs for gas vs. electric participants (Skumatz 2010a)

37
.  Most studies seem to study 

program-wide savings, perhaps because NEB studies are combined with broader process evaluations 
that sample for other goals.  In several reviews (Skumatz 2015c Weinsziehr and Skumatz 2016, 
Skumatz 2016 and others) we analyzed apparent (preliminary) patterns between gas and electric 
NEBs.  In the study we found preliminary evidence that participant-perspective NEB results are fairly 
similar in order of magnitude (multiplier) terms, for gas and electric programs.  Additional work on gas 

                                           
34

 This is because NEB study budgets have been small (with a few state exceptions), so separate sampling to provide 
measure-based data within program-wide NEB studies have remained unfunded.  Also, low income programs were most 
interested in program-wide NEB effects (policy and goal-related).  
35

 Participant NEBs can also vary based on low income vs. not, and have also been found to vary based on higher vs. 
lower percentages of infirm, etc.   
36

 For one thing, it costs more, and NEB studies have historically suffered from low budgets. 
37

 Early work for the California utilities separately sampled for SoCalGas customers as well.  Additional studies could not 
be reviewed thoroughly to identify variations for gas vs. electric. 
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and electric measures was conducted in Tetratech 2012.  However, the literature on this topic is thin 
and is a gap.   

 

Multi-family:  Single family NEBs research, for both low income and standard programs, is relatively 
in-depth and recently reported on (Skumatz 2014), while data for multifamily participants has proven 
more difficult to acquire.  In a recent pair of studies (Skumatz 2015c, Skumatz2016) we identified 
fewer than half a dozen studies, and few had hard estimates of NEBs overall or by category.  We 
focused on three studies

38
 (Skumatz 2010a; NMR 2011, and Cluett and Amann 2015) to draw 

inferences to the sector.  Note that the multifamily programs that have been analyzed are often low 
income programs; however, we also calculated ratios or deleted benefit categories specifically 
associated with low income to improve comparability.   A detailed analysis of this work is included in 
Skumatz, 2016, omitted here for space considerations.  This multifamily sector is also complicated 
because decision-makers and beneficiaries are not always the same; results depend on on program 
design, measures, etc.   

 The analysis found that the “average” NEBs for MF occupants (non-low income) was 
estimated to be about 112% of energy bill savings from the program – a little greater than bill 
savings in benefits from the program.  

 The figure for multi-family owners was estimated to be about 71% of bill savings (as might be 
expected- they don’t personally experience the comfort benefits, for example).   

 Participant NEBs for similar non-low-income single-family programs cluster in the range of 
about 90% (Figure 1, lowest range, excluding the low income elements like financial and 
home improvement elements) to about 120-145% (depending on which NEBs are included), 
based on studies conducted around the nation. 
 

In summary, for the short term, there may be options to use to adapt existing literature beyond the 
direct programs (and utilities) studied.  Participant-perspective NEB results seem to be fairly similar in 
order of magnitude terms, for gas and electric programs, and for single family and multi-family 
occupants.  They appear to be a little lower for owners / managers of the multifamily buildings.    

 
Incorporation NEBs into B/C Tests, Four Traditional Approaches–  
 
There are four approaches used for the utility integration of NEBs into the regulatory and screening 
environment (See Figure 2 for State approaches): 

 Adders:  Deliberative processes (committees, advisory panels, with research input) have 
selected percentage or dollar “adders” to be applied to the savings value.  The values 
selected are not necessarily meant to reflect all NEB values, but are deliberately selected to 
be conservative, and meant to reflect a step in the right direction.  Higher or extra adders are 
common for low income programs, reflecting the NEB values associated with the policy goals 
linked to these programs.  

 “Easy to measure” NEBs:  Some agencies have opted to allow program- or measure-specific 
NEBs that are “easy to measure” or “readily measured”.  The list of categories varies by utility 
(see Figure 2) 

 All NEBs:  Another approach agencies have considered is broader application of NEBs by 
program or measure.  Given the plethora of programs, measures, and NEB values, no states 
have adopted this approach “whole hog”.  A few states take the approach of considering the 
estimated values and assign amounts based on those estimations. 

 A hybrid adder/estimation approach. A number of states have adopted what might be called a 
“hybrid” approach, using an adder to represent some baseline NEBs (carbon, low income, 
etc.) and then allow the addition of easily measured NEBs as well.  
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 Skumatz, Lisa A., Ph.D., 2010, “Non-Energy Benefits Analysis for Xcel Energy’s Low Income Energy Efficiency 
Programs”, May; NMR Group, 2011, “Massachusetts Special and Cross-Sector Studies Area, Residential, and Low 
Income Non-Energy Impacts (NEI) Evaluation 
(http://www.rieermc.ri.gov/documents/evaluationstudies/2011/Tetra_Tech_and_NMR_2011_MA_Res_and_LI_NEI_Evalua
tion%2876%29.pdf) and Cluett, Rachel, and Jennifer Amann, 2015, “Multiple Benefits of Multifamily Energy Efficiency for 
Cost-Effectiveness Screening, ACEEE Report A1502. 
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B/C Tests and their Relative Risk Sources- 
 
The process for calculating B/C tests is important, conservative, scrutinized from many sides – and 
slow to change; it is the basis for decisions allocating hundreds of millions of public or ratepayer 
dollars in investments every year and change is risky for utilities, programs, implementers, and 
customers.  Considering the addition of NEBs – regardless of their theoretical appropriateness – is 
properly undertaken only with caution.  However, delays that are occurring because of concerns that 
(some) NEBs are based on surveys and are thus too risky for inclusion in the B/C test may be 
unjustified for at least four reasons: 

 A large body of research has been conducted, employing a combination of academically-
based survey approaches (with some similarities to batteries used for net-to-gross / NTG 
analyses), third party models (not unlike energy simulation models or engineering approaches 
for impact evaluation), direct computations (not unlike deemed values), and other methods.  
Inclusion of well-researched non-zero values of NEBs reduces bias in the B/C test. 

 Other inputs to the B/C test are based on surveys – and surveys that may be more 
hypothetical than NEBs in some aspects; 

 Other inputs to the B/C test are outdated, and/or are not based on vetted research;  

 Assumptions underlying other inputs vary widely around the country, and the assumptions 
made dramatically affect results. 

 
 

Regulatory / 
Screening 
Application Utilities / regions 

 

Program 
Marketing Fairly widespread use in utilities / states across the country 

M
O
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E
 =

=
>

 Test / Pgm 
Screen – adder 

IA (10% elec, 7.5% gas, 1999);  
CO (10% adder, 25% Low Inc, 2008);  
OR (Carbon $15/ton; 10% adder, 2008);  
WA (10% adder, 2008);  
IL (emissions adder);  
VT (15%+15% LI); DC (10%);  
NY($15 adder for carbon);  
NW (15%);  
for low income (LI) or <1 (CA, ID, OR, WA, UT, WY, NH, NY, CT) 

Test / Pgm 
Screen - readily 
measured 

MA (NEBs must be "reliable & with real economic value"; utility, prop, H&S, comfort; LI; 
eqpt, util, all costs of complying with foreseeable environmental regulations);  
CA (low income);  
IL (easily measured water plus easy others);  
VT (maint, eqpt replacement, LI, comfort, H&S, prop, util, societal); 
CO (measureable with current mkt values);  
NH (as adder; LI);  
BCHydro (maint, GHG, lifetime, product loss, productivity, floorspace);  
DC (eqpt, comfort, H&S, prop, societal);  
OR (esp. C&I; carbon value on societal test, PV deferred plant extension, water / sewer 
savings, laundry soap);  
CT (LI);  
RI (LI; quantify util, societal; H&S, eqpt, prop, comfort);  
NY (LI, eqpt) 

Test / Hybrid 
(potential adder & 
measured) 

CO (measureable with current mkt values);  
OR (esp. C&I; carbon value on societal test, PV deferred plant extension, water / sewer 
savings, laundry soap);  
DC, VT.  

Test / Pgm screen 
- Broad 

With quantification:  MA, RI.  MA order / decision - becoming broader - count in res & ICI 
/ demonstratable including survey-based (not yet econ); Broad-based inclusions of all 
NEBs as an official screen: not yet found. 

Figure 2: Comparison of NEBs Treatment in Regulatory Environment, by State.  Partial List 

1. (Source: Malmgren and Skumatz 2014, updated) 

 
We address four key sources of bias in the existing B/C computations, and compare their relative 
reliability and risk to those associated with NEBs.   The basic B/C equation is based on the present 
value of a stream of benefits (with a calculation involving NTG, savings, NEBs, and Lifetimes and 
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other items), divided by factors related to the present value of incremental program costs.  Many of 
these inputs are potentially unreliable – and potentially more unreliable than NEBs.     

 
Savings is repeatedly measured, but there are at least four other inputs that have reliability issues, 
with consequent potential impacts on B/C results:   NTG, EUL, discount rate for present value, and 
costs.   
 
Net to Gross (NTG): The estimated net-to-gross rate reflects the estimated percent of gross savings 
that should be attributed to the program exceeding what would have happened without the program.  
Measurement of the two constituents – free ridership and spillover

39
 – are traditionally based on self-

report surveys about decision-making influence factors, and complicated to measure accurately.  NTG 
consists of two factors:  free ridership (FR) or those persons that would have purchased EE even 
without the incentive, but took the incentive (should be counted in costs, but not benefits); and 
spillover, which represent the people influenced to purchase EE by the program’s presence and 
effects, but who did not participate in (and cost) the program.

40
  The FR decreases the gross 

estimates of energy savings; the latter three counteract that effect, adding to the savings attributable 
to the program.  However, many states omit the spillover effect (harder to measure), introducing 
inaccuracies in the calculation.  Spillover levels depend on the program type; market transformation 
and education programs may have a great deal of spillover.  Including spillover (perhaps 2-20% 
depending on programs, based on our research) could affect the B/CT results and favor some kinds 
of programs more than others.  
 
Discount Rate:  Three main discount rates have been used in B/C equations, all of which are meant to 
reflect risks associated with investment (Skumatz 2015a, Skumatz 2015b):  the Utility’s Weighted 
Average Cost of Capital (WACC; often 3-8% or more); a societal discount rate (~3% in Vermont, for 
example); and the 10 year treasury or prime rate return (~0.5% to 2%).  The WACC reflects the risk 
associated with the utility’s investments, mostly in generation, transmission, and distribution assets. The 
relative risk for investment in energy efficiency programs (at least mature “widget” programs), would 
potentially be expected to be less than a utility’s investment in generation plants, which can have 
substantial risks of delays, cost overruns in labor, materials, or unknown technology (and potentially, the 
risk of disallowance).  Energy efficiency programs generally can be funded from expenses, and tend to 
occur in very controllable ways (programs can be halted midstream, delete measures, etc.). Thus, 
efficiency programs should have lower discount rates than generation resources (which usually use 
WACC).  Social discount rates have been argued; the lower threshold for this investment might be the 
treasury returns, which could be considered an appropriate return for an investment of little to no risk.  In 
regulatory environments where utilities are rate-basing and not rate-basing the costs, the conclusions 
remain the same.  In rate-basing, the risk of recovery is lower for energy efficiency programs than 
generation, and without rate-basing, the risk from investments, from working capital, do not need to 
reflect the capital-based risk embedded in the WACC. For low income program, the most suitable 
discount rate may in fact be very low, if programs are approved – or required – by regulators.  As a 
result, discount rates in different locales have varied from 1% to about 8%.  This has a dramatic effect 
on the present value computation for benefits.  Program measures with 20-year EULs would lose 70% 
of their value on the basis of the difference between a 3% vs. 8% discount rate. This choice matters and 
affects B/CT results significantly.

41
   

 
Measure Lifetimes:  Total lifetime savings is estimated by multiplying the useful life (EUL) of the 
installed equipment by the first-year savings of the measure.  A review of measure lifetimes (Skumatz 
et. al. 2009) finds that: 1) lifetime values for individual measures can vary widely between states (a 
factor of two or more for some measures), and 2) the values that are used are rarely based on 
statistical underpinnings.  An additional note is 3) the values are based on the values have been in 
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 In simple terms, “free riders” are customers who take the program incentive, but would have purchased the efficient 
measure without the program.  “Spillover” (there are three different types) reflects customers who are induced to purchase 
energy efficient measures because of program influences, but do not participate or get rebates from the program.  The first 
factor decreases the savings attributable to the program and the spillover factors increase the savings that can be counted 
as program-attributable. 
40

 Officially, there are multiple types of spillover – participant in-program (participants purchase measures promoted by the 
program, but do not get their incentive), participant outside-program (participants seek out other EE equipment), and non-
participant spillover (the remainder of the market that undertakes EE behaviors.   
41

 It would affect the denominator as well (costs) but costs are generally one-year program cost, and not discounted or valued 
into the future. 
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place for more than 20 years in many cases, and even if they were accurate, they may no longer be 
appropriate for the newer mechanics and efficiency / operations decay behavior associated with new 
technologies being installed.  In updated work, we assembled data on EULs adopted in more than 30 
agencies around North America, and compared the high and low values for each of more than 67 
pieces of equipment.  Our analysis showed that although there is little variation for some measures, 
others vary by double or more.  Of the 67 measures examined, the average variation from high to low 
was 66%, and the median was 40%, implying for half the observations had EULs varying for same 
measures by more than 40% high to low.  The difference in actual years of median lifetime exceeds 
15 years, with the median and average at 5 and 6.4 years, respectively.  Of course the impact matters 
more for measures with shorter lifetimes, but the point remains the same:  not only are the values not 
well researched, they vary widely and this directly affects the computed savings valued in the B/CT.  
In other research, we have prioritized some of the most critical measures for follow-up analysis. 
 
Benefits Exceed Savings Alone:  The estimated savings

42
, usually derived from an impact 

evaluation or approved M&V or deemed savings process, is the one input that probably does not have 
substantial reliability issues.  However, Benefit-Cost assessment should be based on all attributable 
benefits and the associated costs (incremental on both sides).  NEB shows participant NEBs are often 
equal to energy savings, utility NEBs may be on the order of 10% of savings, and societal benefits 
(largely jobs and emissions) can be very substantial.  Precise estimates of savings omit these values 
that may more than double the total program or measure benefits.  The relative variation from these 
B/C elements are shown in Figure 3, and the cumulative effect on the numerator is substantial.  In 
summary, many elements in the B/C equations have uncertainties, and NEBs are not necessarily the 
weakest link in the equation.  The introduction of an estimated value for NEBs automatically serves to 
decrease bias in the B/C test, because to omit a value effectively introduces a value of zero.  The 
literature clearly indicates the value is positive and substantial – and definitely non-zero.  
 
 
 NTG EUL Discount 

Rate 
Saving
s 
Estimat
e 

Costs 
/Incre- 
mental 
Cost  

NEBs Numerator – 
order of 
magnitude 

Varia-
tion  

Add Spillover, 
depends; 
perhaps 20% 
range 

0-4x EUL 
variation; Median 
40% diff; assign ½ 
or 20%.  

1-8% 
(800% 
range); 
>30% 
effect 

Small;  Varies; not 
in 
numerator 

May 
exceed 
Savings 

Adds to 70% 
without NEB 
effect (+>100%) 

Figure 3:  Summary of B/C Equation Numerator Inputs and Risk / Variations 
 
NEB estimates include uncertainty, with different errors associated with estimates from modeling 
sources, impact sources, surveys, etc.  NEBs have been measured repeatedly, consistently, and with 
good rigor.  Most importantly, NEBs should not be held to an artificially higher standard than the other 
elements of the benefit-cost test, which are also necessarily imperfect.  Including NEBs estimates 
reduces the bias in B/C-based decision-making. 
 
Further, it has been argued that introducing NEBs would cause more programs to pass the B/C test, 
exceeding budgets.  However, that will not be the only effect.  The revised B/C tests will affect which 
programs pass by most – given that those with more or higher valued benefits will see the largest 
effect on B/C test results.  The change should better allocate funds across programs, no matter what 
budget level is selected. 
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 Note that we only address the energy efficiency B/C test computation.  However, if the B/C test results for EE are 
compared to the B/C results for energy supply, there are, of course, errors in those projections as well, including cost of 
future power, etc.  Engineering estates are just that, estimates, and presenting results in spreadsheets does not make an 
estimate more accurate. 
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Case Studies: State Processes for Deliberating NEBs  
 
It is increasingly common, particularly within the past three years, for state agencies to consider 
alternatives for introducing NEBs into B/C analyses.  A selection, that shows the variations in how the 
topic is being introduced in different areas of the country, is shown below.  The approaches being 
used may provide ideas for other states wondering how they might raise the issue.

43
   We have 

provided original NEB research, responses to requests for information, and testimony in many of 
these past and future activities. 
 

 New York
44

:  In the mid-2000s, NYSERDA incorporated NEBs into their program evaluation 
work, and modeled economic and job impacts from EE programs.  This increased the 
literature, as they had a broad portfolio.  Although not incorporating NEBs formally into the 
decision-making, they presented performance results with portions of the NEBs reported 
(standard, standard plus, etc.).  NEBs are not formally considered in the Department of Public 
Service (DPS) calculations of cost-effectiveness, with the exception of a carbon credit adder 
($15) related to long run avoided cost.  The State invested in substantial NEB research 
(important for quantification and validation for a wide range of programs), which was not 
directly incorporated into the cost-effectiveness analysis in New York, but has helped support 
decisions in Colorado and Vermont to incorporate NEB adders, as discussed below. 

 Colorado: Key drivers in this state were: 1) intervenors that were persistent and were 
successful in introducing into the Plan a requirement for an NEB study for at least the low 
income programs; 2) research in 2008 and 2011 (Skumatz 2010a) that examined NEBs within 
the context of cost-effectiveness screening (referring to work elsewhere, and conducing 
primary research in the State), and 3) a large group of intervenors in the dockets that 
supported decisions to count NEBs as an electric and gas adder in the cost-effectiveness 
screening.  The 2008 study and deliberations led to proxy values introduced in 2009/2010 
(10% electric, 20% for low income, 5% for gas).  A later proceeding and study led to adoption 
of values of 25% for the low income programs and for both gas and electric energy sources.  
Updates are being considered in the next round as well.   Lessons include the importance of 
intervenors and support, quantitative research, and a recognition that such research is an 
ongoing process and not static. 

 

 Vermont:  Important contributors to getting this state to incorporate NEBs into B/C screening 
was the quantity and nature of the growing work in NEBs studies, the growing usage of NEBs 
in proceedings in other states, and the support of a broad collaborative of stakeholders.  An 
early adopter of the concept (1990), Vermont had incorporated a societal cost-effectiveness 
(C/E) test with a 5% adder for the environmental externalities and a 10% adder to account for 
reduced risks from EE relative to generation.  In 2009, a consensus of participants in the 
proceeding suggested NEBs should be incorporated in some way, but the best approach 
(method and level) needed discussion.  A Utilities Analyst for the Board was successful in 
getting an immediate 5% NEB adder incorporated as a stop-gap placeholder for EE measures 
for thermal and process fuels, and suggested stakeholders create partnerships to seek out 
research to support a defensible NEB value.  A large group of stakeholders was established 
and they began researching the NEBs literature.  They ultimately used the literature to identify 
quantitative values for a range of key benefits associated with low income programs 
(especially related to financial and hardship benefits).  Beyond values from the literature, the 
stakeholder group (collaborative) also promoted the research that was being conducted on 
the need to update C/E screening to incorporate NEBs.  Combined with the Colorado and 
NYSERDA work, the case was ultimately made in VT to incorporate NEBs – specifically a 
15% adder for conservative value, to be revisited and amended with new research.    

 

 Washington DC: DC was a special case.  DC established enabling legislation for EE for the 
utility (2008/9), selecting the Societal Test, and requiring that the screening include NEBs 
(including “comfort, noise reduction, health and safety, ease of selling / leading home or 
building, improved occupant productivity, reduced work absences due to reduced illness, 
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 For those deliberations that have been completed, we name the state; for those still underway, we do not wish to affect 
the on-going work, so we only present the approach, which might assist other areas. 
44

 These first four are described in more detail in Malmgren and Skumatz 2014. 
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ability to stay in home / avoided moves, and macroeconomic benefits).  DC established a 
10% NEB adder early on.  They also added a 10% risk adder, and a 10% adder for the 
reduction of environmental externalities.  Beyond the adders, DC incorporates traditional 
types of NEBs into their primary goals and measured benchmarks for their programs.   This 
consideration of social equity with energy efficiency goals is an unusual and remarkable 
model. 

 

 Ongoing, Midwest:  In this state, some basic NEBs are already reflected in the tests.  A non-
profit intervenor led the charge to expand the options by raising concerns about ways in which 
the current C/E screening was conservative and/or biasing results against EE (including 
NEBs).  The issue was raised again when decisions were made not to procure some EE 
resources / savings because of benefit-cost ratios less than 1.0.  Legal briefs were filed 
challenging the order and a working committee was established to work outside the direct 
regulatory process to consider the issue of NEBs.  It was agreed the TRM update process 
would be a suitable way to incorporate measure-specific NEBs in the B/C process.  The 
process moved forward well for a time, but then it began to unravel.  A near-consensus by the 
committee would be needed for commission adoption and that position is currently uncertain; 
the process is currently on hold to determine next steps.   

 

 Ongoing, Mid-Atlantic:  As part of a very broad regulatory change, NEBs and a review of the 
C/E process was a regulatory request for review and consideration by the commission.  Many 
documents were submitted in response, and a recently-released order will lead to substantial 
informational proceedings.  A great deal of work on establishing a revised benefit–cost 
framework is part of the next step.  

 

 Ongoing, Midwest:  A regulatory commission decided to conduct a revision of rules for 
benefit-cost treatment, gathered information and developed an approach and process for 
consideration of NEBs, but then reversed that section of the changes.  The process will be 
picked up again next year. 

  

 Ongoing, Midwest: Action in this area is the responsibility of a multi-organization steering 
committee, and NEBs is one project they are working on.  The commission is pursuing a 
study to conduct research on the national and state front that will inform the potential inclusion 
of NEBs in their benefit-cost process. 

 

 Ongoing, Northeast:  They have included some level of NEBs in existing benefit-cost work 
and in the TRM.  They are currently undertaking primary NEB research to address several 
NEB gaps that will let them further revise the TRM and provide measure-based estimates – 
and provide a framework for conducting NEB studies for the broader portfolio of programs 
going forward.  Some progress, results, and TRM changes are expected in 2016. 

 
Different states have used different approaches and provide different lessons.  Some find intervenors 
play a key role in getting NEBs on the table; in others, a big utility’s interest was key to serious 
consideration of a change.  Some are deciding to work through the TRM review procedures to 
incorporate NEBs into the standard process.  All of the on-going work implies that a quick-turnaround 
approach is more a wish than a reality; collaborative work is needed and it takes time.  Work trying to 
generalize lessons has been attempted for years, but may be gaining traction again, thanks to recent 
work by the Northeast Energy Efficiency Partnership (NEEP), by non-profits and intervenors acting in 
multiple states, and other efforts.   
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Bringing it All Together:  Remaining Gaps and Recommendations 

Increasingly, utilities are recognizing the importance of adding NEBs into B/C proceedings, and are 
undertaking the work needed to introduce the work.  As we have published in other work, more than a 
dozen states allow inclusion of some subsets of NEBs into the equation, and the list is growing.   

Whether existing values are transferable, or whether work “from the ground up” is needed, is crucial – 
to limit estimation cost, reduce complexity, and reduce risk to implementers.  The answer, logically, 
depends on which type of NEB it is, and whether it (or its underlying drivers) varies across regions or 
programs.  Therefore, we have classified NEBs into those that vary with program and measures and 
location, versus those that do not (generally).  But more importantly, the literature is extensive, and 
may, with some limited analysis, be transferable enough to address short term needs –recognizing 
funding to address key gaps should be allocated to allow the gaps to be addressed.  The key gaps 
and priority research areas (Skumatz, et. al. 2009 and others) include,  

 measure-based estimates – directly estimated, and additional exploration of regression 
approaches – or savings-based placeholders – to provide near-term proxies to use;  

 Estimates of health effects (participant and societal), as early US work and recent 
international studies indicate these are high-value NEBs. 

 numerous commercial NEBs (particularly process-related, cooking, and others; see Skumatz 
et. al. 2009) 

 gas vs. electric NEB values; 

 single- vs. multi-family NEBs, and possible demographic variations; 

These gaps do not raise major uncertainties about the direct applicability of NEBs to some of the 
major programs in place (single-family weatherization, appliance programs, etc.) for which there are 
multiple reliable estimates – and for which, if there is some budget, local estimates can be readily 
developed from primary research. 

However, there are options available now – and opening the door and identifying placeholders for 
improvement is better than waiting.  We suggest that an “adder” approach (percentage multiplier or 
dollar form) for incorporation of NEBs into utility B/C tests is well-suited to those NEB categories that 
are measure- and climate-invariant and driven almost exclusively off the energy savings and can 
therefore be calculated as a multiple of the energy savings. An adder approach is less suitable for 
those that depend on the specific measures included in the program.  An extra adder for low income 
programs appears justifiable.  The values in Figure 1 represent a strong starting point.   Considerable 
work has also been conducted in the commercial sector, but the values are less consistent; more 
work is needed there.   
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Abstract 

In addition to the expansion of renewable energies, the efficient use of energy is crucial in order to 
ensure energy transition successful. The Federal Government of Germany has therefore set itself 
clear objectives with the National Energy Efficiency Action Plan (NAPE), which aims to reduce the 
primary energy consumption in Germany - compared to 2008 levels - by 20 per cent until 2020, and 
by 50 per cent until 2050. In addition, greenhouse gas emissions should fall by 40 per cent compared 
to 1990. 

To reach this goal, the German Federal Ministry of Economic Affairs and Energy (BMWi) inter alia 
launched the "National Top Runner Initiative (NTRI)" in January 2016. It is an important component 
and concerns private homes, as well as industry, retail and services. .  

The NTRI is intended to bring energy efficient and high-quality appliances (so called Top Runners) 
onto the market more quickly, thus accelerate market replacement. For this purpose, motivation, 
knowledge and competence in product-related energy efficiency is to be strengthened and expanded 
along the whole value chain - from the appliance manufacturer to the retailer and the consumer. 
Manufacturers are pushed to develop more efficient products and consumers get valuable information 
about Top-Runner products and how they can benefit. In this context, retailers are especially relevant 
as they act as “gatekeeper” between manufacturers and consumers. They play a key role in 
advancing an energy efficient production and consumption. They do not only select the products but 
they also have a direct contact to consumers and influence the purchase decision. In this paper, 
special emphasis will be put on the role of retailers and the efforts of the National Top Runner 
Initiative will be illustrated. Barriers and incentives to motivate this target group will be elaborated. 
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The National Top Runner Initiative 

Nearly seven million televisions are sold in Germany per year, a refrigerator can be found in more 
than 99 per cent of the country's approximately 40 million households - and there are numerous 
further appliances connected for several hours each day to the network. Though current market 
research data by GfK (Gesellschaft für Konsumforschung / Market research company) show a trend 
to more efficient appliances, there is still an enormous economic and technical potential of about 20 % 
for primary energy and 10 % for electricity savings, if as many households as possible switch to very 
energy efficient electric appliances [1]. 

Energy efficiency is the key factor for the energy transition: The representative study 
"Umweltbewusstsein in Deutschland / Environmental awareness in Germany" [2] has shown that 
around 46 percent of consumers always choose the most energy-efficient alternative when buying 
household appliances. When buying TVs or computers, this share is only 36 percent, because other 
criteria like picture quality and additional features are more important. 

With the National Action Plan for Energy Efficiency (NAPE), the Federal Government has launched a 
comprehensive package of measures for this legislative period in order to better exploit the existing 
efficiency potential in Germany. The overall aim is to reduce the primary energy consumption in 
Germany - compared to 2008 levels - by 20 per cent until 2020, and by 50 per cent until 2050.  

The ambitious goals of the energy concept address an even better use of existing energy efficiency 
potentials. Only when citizens, retail, industry and municipalities know their concrete saving potentials 
can they behave energy-efficiently. The NAPE therefore places a strong focus on the expansion of 
the information and advisory services. 

An important component within the National Energy Efficiency Action Plan (NAPE) is the "National 
Top Runner Initiative (NTRI)", which was launched in January 2016.  

This initiative wants to bring energy efficient products, so called Top-Runner, faster on the market 
hand in hand along the value chain with manufacturers, retail and industry. Top-Runner products are 
defined as the most efficient products in their category, in general those with the highest EU energy 
efficiency label rating. At the beginning, refrigeration appliances, dishwashers, washing machines, 
tumble dryers, vaccuum cleaners, light sources, TVs and monitors are addressed. 

The product range of energy-efficient and high-quality appliances is growing. The market shares of 
"Top Runner" devices therefore are expected to increase even more and could be accelerated. 

The National Top-Runner Initiative (NTRI) of the German Federal Ministry of Economics and Energy 
(BMWi) has set itself the goal of further increasing this share and encouraging consumers to anchor 
energy efficiency even more as a buying criterion in their minds. In addition, the NTRI would like to 
sensitize consumer on purchasing an adequate size of the energy efficient products and to promote 
energy-saving use of these products. 

However, these objectives can only be achieved if all stakeholders co-operate: politics, retailers, 
manufacturers as well as consumer and environmental organizations. On 20 April 2016 
representatives of consumer- , retailer-, manufacturer- and environmental-associations committed 
themselves by signing a joint declaration to support the NTRI. 
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Picture 1: Signing a joint declaration of representatives of consumer- , retailer-, manufacturer- 
and environmental-associations to support the National Top-Runner Initiative for more energy 
efficiency 

Overall Goals of the NTRI 

 Increase market penetration of highly energy efficient appliances 

 Appropriate size of appliances depending on household size and living conditions 

 Energy efficient use of appliances 

 On the long run reduce the energy consumption of appliances along the value chain from the 
development to the distribution to the purchase of appliances. 

To address all these goals, a strong alliance for greater product efficiency of all market actors is 
needed.  

 

Figure 1: Triangle of manufacturers, retailers and consumers in the NTRI 
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All activities with manufacturers, retailers and consumers are highlighted by dissemination activities 
and all stakeholders are integrated by regular stakeholder-dialogues, organized by the NTRI-
consortium. In so far this campaign differs from former campaigns, which essentially had the end 
consumers in the focus. 

 

Figure 2: Overview of the measures for the different stakholder groups 

Activities of the NTRI to address manufacturers 

Towards manufacturers we pursue two objectives: We motivate manufacturers to develop energy-
efficient products and we initiate innovation ideas and processes through an innovation dialogue. 

The white goods market is dominated by some big German manufacturers whereas international 
companies are major players in the market for brown goods. Start-up companies can play also a role 
for inventing special features. Features to increase the efficiency of product might be an incentive for 
manufactures as consumers ask for it. 

In this respect, the manufacturers of energy-consuming products as well as start-up companies in the 
technological sector are a key target group. The latter can be achieved in a communicative manner, 
particularly via networks of innovation workshops funded by BMWi. 
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Activities of the NTRI to address retailers 

Retailers represent the natural link between manufacturers and consumers. Therefore retailers can 
act as brokers to stimulate the sales of top runner products and their energy-efficient use in the 
households. Based on the given objectives, we have identified the following objectives: 

1. Retailers have to be supported by informing consumers about the offer and the 
benefits of top-runner products by advertising media 

Until now, there have been numerous obstacles to the purchase of energy-efficient 
appliances. These have their origin, inter alia, in the marketing concepts of the retail. In 
brochures in the stationary retail and on internet sites in web shops the products usually are 
only presented with heading, picture, purchasing price and a small icon with the energy 
efficiency class. 

The marketing of the products takes place too much emphasis on the selling price 
(advertising focuses primarily to distinguish itself by price arguments from the competition: 
"Geiz ist geil / Costiveness is cool" mentality). This kind of promotion does not meet the 
advantages of energy-saving products and leads the consumer focusing solely on the 
purchase price. The overall life cycle costs are not apparent - in addition, comfort aspects 
(such as low noise level, simple operation) are hardly addressed. Through the NTRI, the 
marketing concepts are to be influenced so that the overall costs and comfort aspects are 
clearly presented in brochures, for example. This allows the consumer to make a direct, 
holistic comparison. 

The persons who decide on the marketing media are the retail managers. The NTRI-
consortium would like to take a positive influence on them and show them the clear 
advantages resulting from an optimized product presentation. Moreover, some consumers are 
sceptical about whether the new energy-efficient product performs the same way as the old 
product; i.e., the consumer asks, for example, whether an efficient and water-saving washing 
machine washes the laundry as clean and hygienic as a less efficient machine. 

2. Retailers have to be encouraged to include more energy-efficient appliances in their 
portfolio 

The product range offered is decided on the management level of the retail retail. Energy 
efficiency aspects are only a marginal criterion so far. In particular, highly efficient products 
from smaller manufacturers do not get into the sales areas. In order for managers to match 
their product range to the most energy-efficient products on the market, we would like to 
convince them of the advantages especially for the retail. Therefor the NTRI develops an pilot 
project in which an energy efficient alternative is presented to the consumer while purchasing 
a product online. The percentage of people switching to the more energy efficient product will 
be measured and the results will be presented to the retail managers. 

3. Retailers have to be encouraged to make visible the benefits of the most energy-
efficient appliances for consumers on their sales areas, thereby moving them to the 
purchase of a top runner product 

In order to arouse consumers' interest in purchasing products with low energy consumption, it 
is necessary to inform and influence them up at the point of sale. Only a well-informed 
consumer can be convinced that energy consumption is a key factor in the purchasing 
decision. His personal advantages through the purchase must be obvious. These advantages 
are to be demonstrated by the sales consultants at the point of sale. Sales consultants can 
not afford this at the moment because they lack the arguments and it is not clear yet how they 
benefit from it as an advisor. We want to enable the sales consultants to recognize the value 
of energy efficiency for the consumer and clearly address this item in sales advice - with the 
aim of selling the most energy-efficient products. A clear communication of the overall costs 
as well as other aspects (e.g. lower water consumption with efficient washing machines and 
comfort aspects) play a role. In addition, consultants should be able to advice their customers 
about the benefits of energy-saving user behaviour. 

The NTRI therefor offers retailers training material towards the benefits of sales of energy 
efficient products. These materials are available for the product groups of lighting, 
refrigerators, freezers, washing machines, tumble driers and dishwashers. Additionally there 
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is a training module for the fundamentals of energy efficiency and the EU energy efficiency 
label. 

 

In the following picture, the targets and measures are presented in a clear manner.  

 

Figure 3: Retailers as gatekeepers between manufacturers and consumers 

 

Activities of the NTRI to address consumers 

The NTRI addresses consumers mainly by the NTRI-Website and related campaigns via a newsletter, 
a Twitter channel, activities at trade fairs and further actions. The main objectives are: 

1. Reduce the barriers that prevents consumers from buying energy-efficient products through 
communication. 

2. Increase the knowledge of consumers about general aspects of energy efficiency (e.g., 
individual electricity consumption, energy-related product functions, appropriate size of 
devices, energy-saving user behavior), as well as improving knowledge of governmental 
instruments and regulations (e.g., transparent electricity bill). 

3. Improve the knowledge of consumers about the EU energy efficiency label as well as other 
public information tools and communicate the benefits of the EU energy efficiency label 
(transparency, reliability, clarity) in order to strengthen consumer confidence in labelling. 

Conclusion 

In summary, to increase energy efficiency, the NTRI campaign addresses the entire value chain of 
electrical products for the first time in Germany. From manufacturers over retailers and end users, it 
therefore differs from former campaigns, which essentially had the end consumers in the focus. 
Therefore main emphasis lies on the retail. Retail at the interface between manufacturers and end-
users is an essential link and is essential for the success of the NTRI efficiency campaign. As the 
article has shown, the retail is addressed to multiple measures addressed at different levels. If the 
retail is convinced by the advantages of energy-efficient products, it can also convince its customers. 
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Abstract 

A nationwide group of energy efficiency program sponsors is collaborating with the U.S. 
Environmental Protection Agency (EPA) to create a new program design to reduce energy 
consumption by plug-loads.  The ENERGY STAR Retail Products Platform (RPP) rewards retailers for 
stocking and selling efficient products to reduce energy use associated with plug-load products 
including appliances and consumer electronics.  

Consumer rebate programs that have incented these energy efficient products are encountering cost-
effectiveness barriers because of decreasing unit energy consumption (UEC).  This is a result of 
successful ENERGY STAR

®
-focused utility programs and federal minimum efficiency standards. 

Consequently, consumer rebates are becoming too small to directly influence shoppers. At the same 
time, many retailers, who have historically joined utility efforts, are seeing less business justification 
for active participation in rebate programs.  

The authors describe how stakeholder collaboration has been a key ingredient to successfully 
launching an RPP pilot. Important factors in the logic model for this mid-stream, market transformation 
program are large-scale participation, consistent program processes, and feedback to ENERGY 
STAR’s specification development process.  Nationwide support from program sponsors and retailers 
has been accomplished by establishment of RPP working groups.  

An early indicator of success is retailer participation.  Four retailers – Best Buy, Home Depot, Kmart, 
and Sears – have joined in the pilot with almost 700 stores, supplying total category sales data to 
measure program performance.  The pilot has encompassed service territories of nine program 
sponsors with 17.5 percent of the US market.  Retailers and program sponsors successfully 
coordinated implementation plans for energy efficient models in five product categories.  The authors 
provide an assessment of factors that have led to successful implementation of the RPP pilot. 

Introduction 

The residential sector consumes more than 20 percent of all energy usage in the United States, more 
than 20 quadrillion BTUs of energy.  Efforts by policy makers and utilities over the last 30 years have 
contributed to significant progress to improve residential energy efficiency.  The average energy use 
per household has declined by more than 20 percent over this three decade timeframe.  Because of 
efficiency gains, US Energy Information Administration (EIA) has lowered its forecast for long term 
growth for energy use to 0.5 percent, which is half of its long term forecast from a decade ago. 
American Council for an Energy-Efficient Economy’s (ACEEE) analysis of the changes in energy 
consumption concludes that energy efficiency is now one of the most important determinants of long-
term electricity growth in the U.S. (Laitner, 2012). 

There are many interrelated factors influencing growth in residential energy consumption, including 
population, home size, economy, and technology. Energy efficiency improvements for lighting, 
refrigerators, space heating, air conditioning, and home design have certainly mitigated growth rates 
in energy savings consumption.  However, these reductions in energy consumption have been 
partially offset by increases in the average size of homes plus the rapidly expanding use of electronics 
and other plug-loads.  
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According to the EIA’s Energy Outlook, plug load electricity consumption will grow to 43 percent in 
2040 from 32 percent in 2013, Figure 1. (U.S. EIA 2015)   This forecast prompted the California Public 
Utility Commission’s to challenge California utilities to “develop comprehensive, innovative initiatives 
to reverse the growth of plug load energy consumption” in its Long-term Energy Efficiency Strategic 
Plan.  A significant barrier to achieving California’s and other states’ objectives is low unit energy 
savings (UES) for plug loads.  

Figure 23 - U.S. Residential Electricity Consumption by End Use
45

 

 

The potential to decrease energy consumption in U.S. homes, however, still remains significant in 
2017.  ACEEE’s models and McKinsey’s energy savings potential analysis (Franckel 2013) present 
feasible 20 to 40 percent reductions from the U.S. EIA Annual Energy Outlook long-term, “business as 
usual” scenario.   

There are technological options now and in the future to reduce energy consumption in consumer 
products and mitigate the impact of increasing numbers of plug-loads in the home.  Analysts at 
Lawrence Berkeley National Laboratory (LBNL) are projecting substantial reductions in plug-load 
energy consumption from product innovation, Table 1.  LBNL also expects to see moderate 
improvements in efficiency of refrigerators, freezers, and clothes washers through 2040 with the 
technical potential to increase the efficiency of many consumer products by more than 40 percent, 
Figure 2. (LBNL 2017) 

 

Table 6 - Energy Consumption of Select Plug-Load Devices
46

 

Devices Current stock 
(kWh/yr) 

Best available 
(kWh/yr) 

Max tech 
(kWh/yr) 

TVs 213 63 24 

Residential computers 158 34 N/A 

Set-top boxes 142 86 65 

 
New program designs are needed to drive energy consumed by plug-loads and appliances to lower 
levels and accelerate introduction of new, efficient technologies.  Since 2014, a nationwide group of 
energy efficiency program sponsors has been collaborating with the U.S. Environmental Protection 
Agency (EPA) to create an innovative program, ENERGY STAR RPP, to address this challenge.  A 
pilot of the program began in 2016 with the first year objectives to recruit program participants, 
implement coordinated programs and validate key elements of the program design.   

                                           
45

 Source: 2015 Annual Energy Outlook, EIA, Table aeotab_4 
46

 LBNL expects, “There is tremendous potential to increase efficiency of these devices through stock turnover and further 
innovation, although less so in the case of set-top boxes.” 
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Figure 24 - Projected improvements in efficiency of selected electric equipment and 
appliances 

 

Background 

For two decades, ENERGY STAR, manufacturers, utilities and retailers have partnered to bring 
improved consumers products into the marketplace, including energy efficient lighting, that use half as 
much energy as they once did.  Correspondingly, more stringent energy consumption codes and 
standards are raising baselines for utility energy efficiency programs.  One consequence of these 
successes is that the remaining, significant energy savings opportunity cannot be reached cost-
effectively with efficiency program designs and evaluation techniques that originated more than 25 
years ago.  

Traditional efficiency programs attempt to increase sales of efficient products by introducing 
consumer-facing market interventions. These programs use consumer rebates to decrease the 
incremental cost of more efficient products. The size of the rebate is generally tied to the amount of 
savings.  As savings shrink so do rebate levels and now, for some product categories, the rebates are 
not effective since shoppers consider them “not worth the hassle.”  

In order to continue to evolve efficiency programs into the future, ENERGY STAR and its partners 
recognized the need for new approaches. The ENERGY STAR Retail Products Platform (RPP) is one 
new approach to delivering energy efficiency programs through the retail sector that can be used to 
continue, and even expand, energy savings trends nationally.  

ENERGY STAR Retail Products Platform Origins 

One of the first large-scale, retail-focused energy efficiency programs was designed and implemented 
by Pacific Gas & Electric (PG&E).  Based on an energy savings potential study of the electronics 
market in 2007, PG&E concluded that there was a significant energy savings opportunity for their 
customers.  In 2008, PG&E led other regional utilities, major retailers of televisions and computers, 
and ENERGY STAR in the implementation of a mid-stream Business and Consumer Electronics 
(BCE) program.  This collaborative effort represented a large market for participating retailers.  As a 
result, major retailers became engaged to stock and sell televisions that were more efficient than 
ENERGY STAR standards.  At the peak of the program, eight national retailers, who sell more than 
70 percent of consumer electronics products, participated.  BCE was the first major test of a mid-
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stream program and successfully introduced retailers to the concept, which is the basis for RPP.  BCE 
efforts indicated the importance of total category data, the complications of evaluating market 
transformation programs and the impact of broad sponsor collaboration on strong retailer relations. 
(PG&E, 2017, p. 22) 

RPP Description 

The ENERGY STAR Retail Products Platform is an energy efficiency program design using retail 
channels to deliver energy efficient products to residential customers   It is a market transformation 
program with the goal of increasing the number efficient models available to consumers as well as 
introducing new energy efficient product categories.  In an environment with dwindling per-unit energy 
savings and less effective consumer rebates, RPP is designed to be the least-cost option for 
providing a wide range of energy efficient products to residential customers. 

“Market transformation for energy efficiency is the strategic process of intervening in a market to 
create lasting change in market behavior by removing identified barriers or exploiting opportunities to 
accelerate the adoption of all cost-effective energy efficiency as a matter of standard practice. The 
process requires strategic intervention in specific markets.” (LBNL, 2017, p. 31) 

RPP incentives go to retailers (mid-stream program design) in order to transform market behaviors 
that impact product selection and promotion decisions.  Retailers use these incentives to execute 
marketing tactics – consumer price reduction, targeted promotions, special product placement, and 
assortment changes – to inform consumers and sell more qualified products, which result in higher 
energy savings. 

RPP relies on collaboration of program sponsors to collectively create the large customer base 
needed to influence market actors.  Collaboration also enables uniform implementation processes to 
cost effectively address the remaining residential energy savings opportunity.    

In the ENERGY STAR RPP, program sponsors agree on a set of products and energy efficiency 
specifications.  To increase leverage with retailers, each sponsor offers products in the portfolio. 
Program sponsors have the flexibility to adjust the incentive rates for each product specification 
according to local energy prices and regulatory guidance.  The combined program funds creates a 
significant total budget through coordinated programs to motivate retailer engagement.  From the 
retailer perspective, a market size representing at least 30 percent of the U.S. households would be 
significant enough to attract the attention of key decision makers at their companies.

47
   

Increasing share of qualified product sales is an important indicator of RPP success and is measured 
using full category sales data.  Higher demand for qualified products will ultimately drive more 
stringent energy efficiency specifications, new standards, and the manufacture of more efficient 
products.  

The RPP Pilot focuses on plug-load and appliance products that are not currently part of an existing 
energy efficiency program.  ENERGY STAR is coordinating retailer and program sponsor 
requirements during this nationwide pilot to help design uniform, cost-effective RPP processes and 
practices.  Feedback from program sponsors will direct ENERGY STAR in setting new and more 
stringent specifications. 

Why Mid-Stream Program Design 

Residential Energy Efficiency program models are characterized as down-stream, up-stream or mid-
stream depending on who in the value chain receives the incentives.  Consumer products programs 
have historically followed a down-stream model, which provides rebates to consumers, incenting them 
to purchase more efficient products.  Mail-in rebates have been widely-used in these down-stream 
energy efficiency programs.  

In a mid-stream model, small per-unit incentives, which may be trivial to a consumer in a downstream 
program, may be significant for a retailer when compared to a profit margin on a product.  High 
volume of sales of incentivized consumer products create a compelling financial value proposition.  By 
aggregating influence at the retailer level, program sponsors can reduce costs while extending the 
reach of their programs to more customers.   

                                           
47

 Navitas Partners’ private communications with major national retailers. 
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In RPP programs, retailers are the channel for delivering efficient products to residential customers 
and a communication channel for presenting program sponsor’s energy efficiency messages.  When 
the program design and incentive levels align with the retailer’s business objectives, retailers will 
apply all their marketing tools to selling efficient products. In the near-term, incentives influence a 
retailer’s product stocking behavior.  Resulting increases in demand for high efficiency models can 
prompt manufacturers to permanently shift to production of these models.

48
 

Customers benefit from a wider choice of energy efficient products (it is difficult to buy an ENERGY 
STAR product if it is not on the shelf).  Retailers benefit by increasing sales and by not having to 
interact with thousands of utilities with hundreds of different programs, which enables them to focus 
on core retail activities and their customers.  Figure 25 is a basic illustration of RPP program influence 
and market transformation outcomes. (Dunn, 2016) 

Figure 25 - Market Behaviors Based on RPP Program Logic 

 

 

The Platform 

RPP has six components: Evaluation, Measurement and Verification (EM&V), Legal, Data 
Management, Marketing and Field Services, Products and Specifications, and Outreach.  There is an 
ENERGY STAR RPP working group (task force) associated with each component.  A key EPA role 
has been to facilitate these task forces and incorporate input from all participants, including retailers, 
program sponsors and manufacturers.  

The ENERGY STAR RPP task forces were formed in 2015 and were active in developing, assessing 
and implementing major components of the program.  These groups, Figure 4, have met in bi-weekly 
meetings to review progress of the program development, to resolve issues or questions and to plan 
for the 2016 Pilot.  Task forces include members from program sponsors, EPA, and supporting 
contractors. 

The ENERGY STAR RPP is a collaborative effort, so all decisions are made at the task force level 
once a consensus is reached among participants. This has ensured that all participants have a voice 
in program development.  

                                           
48

 Program sponsors have put together program logic models to describe the mid-stream RPP intervention strategy.  PG&E 
(PG&E/CPUC, 2015, Appendix A, p. 21) and Northwest Energy Efficiency Alliance (RIA, 2016, pp. 7-8), have created 
comprehensive RPP program logic models.  An ENERGY STAR RPP task force prepared an EM&V guidance document 
for prospective RPP participants based on these models. 



 

121 
 

Figure 26 - ENERGY STAR RPP Structure 

 

EM&V 

The midstream RPP approach is an example of a market transformation program.  These programs 
differ from resource acquisition programs, which rely on direct incentives to achieve near-term 
savings.  Resource acquisition programs frequently have a market transformation impact, but that is 
not their primary purpose.  RPP is designed specifically with the intention to transform the market.  
The programmatic differences between a resource acquisition program and a market transformation 
program result in the need for different evaluation approaches for the respective programs. 

The EM&V Task Force acknowledges regional variations in EM&V policies and the infancy of market 
transformation related regulatory guidance.  The group has, therefore, focused on sharing best 
practices that program sponsors can adopt – logic models, market transformation indicators, 
baselines, data requirements, and stakeholder education.  EPA and the task force have developed an 
EM&V guidance document to help program sponsors create evaluation plans for a Pilot and to 
provide materials to inform regulators and evaluators about the RPP concept.   

EPA has a leading role in ESRPP Evaluation.  In addition to convening regular EM&V-focused task 
force meetings, EPA’s team develops national materials that can be used to facilitate evaluation of 
RPP programs, promotes RPP evaluation techniques at national conferences, and advocates for 
uniform, national market transformation practices. 

To support RPP evaluation, EPA also gathers, analyzes and supplies national data including: 

 ENERGY STAR Unit Shipment Data. Collected annually and reported around June. 

 ENERGY STAR RPP Products Analysis. Includes information on sources and methodologies 

used in calculating energy savings for RPP products 

 Coordinated baseline interviews with retailers participating in 2016 pilot 

 Shelf inventory of a national sample of ENERGY STAR products with goal is to provide a data 

snapshot of RPP products in specific retail locations and metro areas.  

 Aggregation of category sales data in participating regions.  

Legal  

ENERGY STAR RPP’s Legal Task Force has worked with retailers and program sponsors 
participating in the pilot to develop and gain consensus on a Universal Participation Agreement.  This 
contract document – a bilateral agreement between each sponsor and a participating retailer – is 
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applicable to all retailers and all program sponsors.  The universal agreement spells out definitions, 
eligibility, general terms, confidentiality, data policy and procedures, and EM&V requirements.  Unique 
to this agreement is a retailer’s requirement to supply total category sales data and to deliver an 
Implementation Plan, which outlines specific activities a retailer will undertake to increase sales of 
qualifying products and ultimately achieve the goals of a program.  Each universal agreement 
includes attachments that are specific to a program sponsor and identify the sponsor’s service 
territory and incentive rates. 

Universal Participation Agreements have been approved by all retailers and program sponsors after 
an extensive legal review.  New RPP program participants have been able to join the program with 
minimal time and resources for contracting. 

Data Management  

Data management is a required RPP process to establish baselines, calculate energy savings 
attributable to program activities, document market effects of the program, and facilitate incentive 
payment transactions with retail partners.  Total category sales data and reliable energy data sources, 
in combination with modern data analytics and automated business processes, are the ingredients for 
producing relevant and actionable information for RPP implementation and evaluation. 

Historically, product sales data for energy efficiency programs have been limited to unit sales of 
rebated products to satisfy requirements of mail-in rebate programs.  The RPP program design 
necessitates total category sales data (qualified and non-qualified sales data) to assess the RPP 
product portfolio, including calculation of product market penetration.  Changes in qualified product 
market penetration are a market transformation indicator. 

A third party data services provider has been selected by a competitive bidding process organized by 
PG&E.  The winning bidder has designed and put into place a data management system that provides 
high data security, enables accurate reporting, and is easy to use. 

Marketing and Field Services  

Energy efficiency program marketing within a brick and mortar store has to comply with rules that 
protect the retail brand as retailers strive to maintain their unique brand identity in all stores at all 
times.  In conjunction with each retailer, the Marketing and Field Services task force has created 
signage templates and training tool kits to support program implementation.  These pre-approved 
templates conform to a retailer’s style guidelines, meet their requirements for sign size and 
configuration and include space for program sponsor’s logo and the ENERGY STAR label, Figure 5.  
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Figure 27 - RPP Signage Template
49 

 

The templates, which support program sponsors’ marketing and attribution objectives, reduce 
marketing implementation time and costs.  If program sponsors wish to create other marketing 
designs, they must follow the participating retailer’s review process, which take significant additional 
time and resources to complete. 

To facilitate program sponsor’s in-store activities, retailers have standardized and pre-approved letters 
of authorization (LOA).  The LOAs allow a sponsors’ field services teams to enter a store and place 
approved signage. 

Products and Specifications  

A key role of the ENERGY STAR RPP Products Task Force is building consensus around a set of 
products and energy efficiency specifications for qualified products.  The task force facilitates sharing 
of market information to estimate the size of the energy savings opportunity, formulates guidelines 
and time tables for transitioning products and specifications, and oversees recommendations for 
adding new products to the portfolio. 

Product selection and determination of efficiency specifications needs to follow a specific calendar, 
Figure 6, when a market transformation objective is to influence retailer’s buying behavior.  The most 
appropriate timeframe to communicate RPP program requirements is when product category buyers 
are working with suppliers (manufacturing partners) and selecting products. (ENERGY STAR PEER 
Guidelines, 2013)  For example, during the fourth quarter, consumer electronics buyers and room air 
conditioner buyers are making selections for the upcoming sales period.   

 

 

Figure 28 - ENERGY STAR RPP Product Selection Timeline
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 Dimensions of signage varies by retailer. 
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The task force finalized the portfolio and specifications for the Pilot in January 2016, Table 2.   

Table 7 - 2016 ENERGY STAR RPP Pilot Product Portfolio 

2016 Pilot 
Portfolio 

Rationale for Product 
Selection 

Efficiency Specifications 

Basic Tier Advanced 
Tier 

ENERGY STAR 
Certified Dryers  

New category  ENERGY 
STAR v1 

ENERGY 
STAR Heat 
Pump 

ENERGY STAR 
Certified Air 
Cleaners  

Small unit sales, high per unit 
energy savings  

ENERGY 
STAR v1.2 

ENERGY 
STAR v1.2 + 
30% 

ENERGY STAR 
Certified Freezers  

Difficult to administer cost 
effective downstream rebates  

ENERGY 
STAR v5 

NA 

ENERGY STAR 
Certified Sound 
Bars 

High growth category, limited 
per unit savings  

ENERGY 
STAR v3 + 
15% 

ENERGY 
STAR v3 + 
50% 

ENERGY STAR 
Certified Room AC 

New specification effective 
2016, low market share 
expected 

ENERGY 
STAR v4 

NA 

There are ENERGY STAR certified models in each of the five categories.  Each category in the RPP 
portfolio has basic and advanced energy efficiency specifications based on ENERGY STAR 
certification criteria.   

Retailer and Program Sponsor Outreach.  

Retailers play a central role in successful energy efficiency programs. They select, stock, and promote 
energy efficient products. With appropriate incentives and program designs that align with their 
business goals and objectives, retailers have shown a willingness to participate in utility energy 
efficiency programs.  ENERGY STAR formed its Retail Action Council (RAC) in 2012 with strategic 
objectives to streamline, simplify and optimize retailers’ business activities related to a utility’s energy 
efficiency efforts.  Best Buy, The Home Depot and Sears are charter members of RAC and 
participants in the 2016 Pilot program. 

Collaboration among program sponsors– aggregated customer bases and coordinated budgets – 
builds the scale necessary to transform the market for energy efficient products.  The Outreach task 
force has a 2016 Pilot goal to grow program sponsor participation to include at least 15 percent of the 
U.S. market.  Members of the team have made informational presentations to potential program 
sponsors in person and at industry conferences such as the ENERGY STAR Partners Meeting, the 
Association of Energy Service Providers (AESP) annual meeting and at ESource meetings. 

ENERGY STAR RPP Resources 

A number of resources for RPP program planning and implementation have resulted from the efforts 
of the ENERGY STAR RPP task forces.  These documents are available to RPP program sponsors 
as well as utilities and other organizations who are assessing participating in this national, 
collaborative effort.  Available resources include: 

 Evaluation: Evaluation Approaches Guidance, FAQs, and Data Resources 

 Legal: Participation Agreements 

 Data: Data Management Services Procurement Guidance 

 Marketing/Field Services: Signage Templates, Field Services Toolkit, Letters of Authorization 

 Products: Product Savings Analysis, Product Transition and Introduction Guidance 
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 ENERGY STAR RPP Products Task Force develops decision making guidelines, such as a product selection timeline, to 
communicate program plans to sponsors and retailers. 
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ENERGY STAR RPP Pilot  

EPA and an inaugural group of energy efficiency program sponsors collaborated to develop a pilot for 
RPP in 2015.  The pilot began in 2016 with the first year objectives to recruit program participants, 
engage retailers, implement coordinated programs and validate key elements of the program design 
including a data management system and evaluation approaches.   

While energy savings measurement was not program sponsors’ primary intention for the first year of 
the pilot, sponsors have been able to calculate gross energy savings using sales data provided by 
participating retailers.  Retailers have reported increases in qualified product sales attributable to the 
program implementation, which is a leading indicator of customer energy savings.  Results identifying 
market penetration of qualified products have also informed ENERGY STAR and program sponsors in 
setting energy efficiency specifications.  

Pilot Results 

Program Sponsor Participation 

Nine program sponsors in eleven states had joined the pilot by the end of 2016, Table 3, and 
committed to incentivize qualified products, Table 7, with participating retailers.  Residential 
customers in the service territories of these sponsors make up 17.5 percent of the US market, which 
exceeds the pilot goal of the ESRPP Outreach task force.  The start dates varied for program 
sponsors from the beginning of March 2016 through the end of the fourth quarter.  Flexible start dates 
allowed new participants to complete cost effectiveness assessments, gain regulatory approval for 
pilot, plan implementation activities and approve budgets.  The collective, annualized incentive budget 
for the first year of the pilot, if all sponsors began the program at the same time, would have 
exceeded $5.4 Million. 

ENERGY STAR RPP collaboration begins as soon as a potential participant joins conversations 
during sponsors’ bi-weekly teleconferences.  This community of program sponsors shares ideas and 
guidance for program design, implementation and evaluation.  Programs have been able to start 
rapidly following regulatory approvals and an incentive budget determination because of standardized 
contracts, marketing templates, field services guidelines and data processes.    

Barriers to joining ENERGY STAR RPP have included competition with existing downstream 
programs, lack of market transformation policies, and requirements for competitive procurement.  
Task forces have initiated activities to develop information, refine guidelines and establish new 
processes to help overcome these barriers and increase the scale of the collaboration in the future.  

Table 8 – 2016 Pilot Program Sponsors 

Program Sponsors
51

 

 Residential 
Households 

(Million) 
% of U.S. 

Households 

Total 
Participating 
Store Count 

2016 
Program 

Start Month 

PG&E – CA                4.7  3.6% 140 March 

NEEA – (WA, OR, MT, ID)                5.8  4.5% 183 March 

Efficiency Vermont - VT                0.3  0.2% 7 March 

SMUD – CA                0.5  0.4% 19 April 

Focus on Energy – WI                2.6  2.0% 72 April 

XCEL CO                1.2  0.9% 63 May 

XCEL MN                1.1  0.9% 48 May 

NJCEP – NJ                3.4  2.6% 85 September 

Con Ed – NY                2.9  2.2% 63 December 

Total Pilot Program Sponsors              22.5  17.5% 680  
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 Additional information on participants in Appendix 
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Retailer Engagement 

The retail industry has always been the ideal channel for delivering energy efficient products and for 
building energy efficiency awareness because of its significant scale. The top nine retailers (Table 4), 
who are sales leaders in energy-related products, have almost 14,000 stores in the US, welcome 
more than 6 billion visitors each year and generate around 10 billion web impressions annually; four 
of the top retailers are participating in the ESRPP pilot – Best Buy, Kmart, Sears and The Home 
Depot.   

Table 9 - Top U.S. Retailers Selling Consumer Electronics and Appliances 

Retailer 

2015 U.S. 
Revenue 
(Billion) 

2016 Total 
U.S. Store 
Count 

Headquarters 
Location 

2015 TWICE 
Consumer 
Electronics 
Rank

52
 

2015 TWICE 
Home 
Appliance 
Rank 

Best Buy $39.5 1,034 Minneapolis, MN 1 4 

Costco $80.5 480 Issaquah, WA 6 11 

Kmart $10.1 869 Hoffman Estates, IL 25 30 

Lowe’s $59.1 1,805 Mooresville, NC 81 1 

Sam's Club $56.8 655 Bentonville, AR 10 22 

Sears $15.0 688 Hoffman Estates, IL 12 3 

Target $73.8 1,792 Minneapolis, MN 5 18 

The Home Depot $88.5 1,965 Atlanta, GA 52 2 

Walmart US $288.0 4,574 Bentonville, AR 3 7 

 

Participating national retailers are product category leaders with stores in every corner of the U.S.  
Figure 7 shows the concentration of stores in the Pilot service territories in the Northwest, Midwest, 
Northeast and Northern California.  15 percent of the participating retailers’ stores are included in the 
pilot. 
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 This Week in Electronics (TWICE) magazine annually ranks sellers of appliances and consumer electronics by revenue. 
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Figure 29 - Location of 2016 Participating Stores by Retailer
53 

Retailers have uniformly reported their satisfaction with the RPP concept.  Standardized program 
implementation across sponsors has allowed them to appropriately allocate their resources.  A single 
point of contact with the ENERGY STAR RPP has allowed the communication of a uniform message 
to retailer’s merchants and has enabled relatively quick resolution of issues.  The data system has 
worked well for them and they have recommended improvements such as reporting financial metrics 
that they can share with decision makers.  Two concerns expressed by all retailers have been delays 
in incentive processing and excessive time and resources to complete evaluation surveys. One 
solution to reducing survey demands has been an agreement for presentation of quarterly 
implementation progress reports. (Navitas, 2017) 

An important lesson from retailer engagement has related to the program calendar, which includes 
product selection (see Figure 28).  Originally, the RPP program calendar ran from January 1st through 
December 31st.  The experience of product selection, contracting and retailer implementation during 
the pilot has suggested a shift in this calendar.  Stakeholders have agreed to an RPP calendar that 
begins on April 1st and ends on March 31st.  This schedule is cognizant of retailers’ peak selling 
season during the fourth quarter – when contract negotiations are difficult – and takes into account 
that many assortment changes, particularly consumer electronics, take place in the second quarter. 

Retailer Pilot Implementation Progress 

RPP’s universal participation agreement includes a provision that requires each retailer to complete 
an implementation plan.  A retailer’s implementation plan describes supporting marketing activities 
that a retailer expects to execute during the program year.  A common RPP marketing tactic in every 
implementation plan has been granting permission to program sponsors to place approved signage, 
Figure 5, on qualified products.   

Retailers make quarterly presentations to RPP program sponsors that describe implementation 
activities in the preceding and current quarters and plans for the next quarterly period. The following 
summarizes retailers’ unique RPP implementation efforts in 2016. 
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 Diameter of circle is proportional to the number of stores in a specific geographic area served by participating program 
sponsors. 

Northwest (ID, MT, OR, WA) –
183 Stores

Northern 
California –
159 Stores

Midwest (CO, MN, WI) – 183 Stores

Northeast 
(NJ, NY, VT) 
– 155 Stores

Participating
Retailer

Total U.S. 
Stores (2016)

Best Buy 1,034

Home Depot 1,965

Kmart 869

Sears 688
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Sears/Kmart – Key elements of the Sears’ implementation plan included educating internal business 
teams about ENERGY STAR RPP and engaging them in marketing planning.  Sears has a single 
point of contact in the sustainability group who conducted informational meetings with home appliance 
and consumer electronics merchants.  These meetings with the merchandising teams resulted in an 
RPP marketing campaign connecting qualified products with Sears’ customer loyalty program called 
“Shop Your Way” (SYW).  The plan included an offer of SYW points for qualifying RPP product 
purchases. The value of the points equals a program sponsor’s incentive for a qualified product.  
Following a purchase, the SYW team planned to issue an email to each customer congratulating them 
on their energy-efficient purchase and reminding them of all products in the ESRPP program. 

The SYM campaign launched in October with a scheduled run through March 2017.  Points for 
qualified products have been promoted by in-store signage, Figure 8.  Customers who have 
participated in the promotion have been sent a follow-up email highlighting ENERGY STAR.  Sears 
has observed a lift in sales for qualified products during the promotional period.

54
   

There has been positive feedback from the merchants on the program as options in the 
implementation plan align well with strategic activities.  Sears plans to continue SYM promotions and 
to add targeted training and product markdowns in their 2017 implementation plan. 

 

Figure 30 - RPP/Shop Your Way Promotional Signage 

 

Best Buy – Best Buy’s RPP implementation plan has leveraged their award winning ENERGY STAR 
marketing campaign for 2016.  Best Buy has earned ENERGY STAR Partner of Year distinction three 
years in a row. 

Best Buy’s ENERGY STAR and RPP promotions encompass a broad range of activities including 
store associate training, signage, in-store videos and on-line marketing.  Training has included 
ENERGY STAR focused e-learning to help over 30,000 sales associates provide customers with 
knowledge about energy-efficient products.  In the stores, the fact tag for each ENERGY STAR 
certified product has the ENERGY STAR logo and educational videos have been broadcast.  During 
April, Best Buy played an ENERGY STAR video every day, eight times per hour in more than 1,000 
stores, reaching more than 8 million consumers.  Blogposts and tweets have been on-line promotions 
driven by the RPP, aiming to further educate customers on the importance and benefits of energy-
efficient products.  On-line marketing in October 2016 used 100 bloggers to share information about 
the benefits of ENERGY STAR soundbars, Figure 9, and dryers with the bloggers’ large fan base 
enabling 72 million potential impressions. 

Best Buy has a management team with a specific responsibility to interact with utility energy efficiency 
programs and ENERGY STAR.  This team has regularly informed appliance and electronics 
merchants and their field leadership of RPP products and locations of all ENERGY STAR RPP 
incentive opportunities, related promotional activities as well as program results. 
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 Sears’ quarterly presentation to program sponsors. 
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Figure 31 - Screenshot of Best Buy's On-Line Promotion 

 

The Home Depot – Central to their implementation plan, Home Depot’s utility program management 
team has regularly scheduled meetings with merchants to share incentive forecasts and program 
progress.  The team has also collaborated with ENERGY STAR and utilities on signage design 
(Figure 10) and placement, and sales associate training.  Other implementation tactics have been 
strategic placement of qualified products in the stores, on-line education and targeted print 
advertising. 

 

Figure 32 - Home Depot’s RPP Point of Purchase Material and Print Ad 

During room air conditioner selling season, Home Depot displayed qualified products in preferential, 
off-shelf locations to draw visibility to ENERGY STAR models.  They promoted certified models in 
their holiday and Black Friday special offers.  In Black Friday’s print ad (Figure 10), the ENERGY 
STAR logo was on qualified dryers, which experienced significant increases in sales.  On-line, Home 
Depot has highlighted the benefits of ENERGY STAR products on their Eco Options webpage. 

Pilot results have heightened awareness of RPP with Home Depot’s decision makers.  Merchants 
have expressed interest in adding products and extending RPP to other sponsors.  Home Depot’s 
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utility manager, and other participating retailers, have been active in outreach to help build program 
scale. 

“I see the RPP as a huge opportunity for innovative new program design. It flips traditional 
methods and takes a market transformation approach. It is delivering the incentive to the retailer in 
a midstream model, rather than pushing it along. A $20 rebate on an $800 item doesn't make 
much of a difference to a customer, but in aggregate, it allows us to take increased action such as 
additional advertising or promotion.  These activities can really help drive the product volume and 
the associated savings.”  (Home Depot Manager, AESP 2017) 

Data Management: Reporting and Performance Measurement 

Participating retailers have delivered total category sales data to the data processing services 
company to validate and warehouse.  They reported over one million sales of RPP products in 
sponsors’ service territories for the period from March through December 2016.  They reported 
another one million sales for products under consideration for the 2017 program in order to help 
sponsors prepare energy consumption and market penetration baselines. 

The data system processes the raw data to allow incentive payment – including matching model 
numbers to products on qualified products list – and progress reporting – including market penetration 
and energy savings calculations.  Data for performance measurement are aggregated in compliance 
with the universal participation agreement to protect business confidential information.  The 
agreement provides access to anonymized data for program evaluation.   

For all program sponsors, over 200,000 sales were eligible for incentives during the period from 
March through December 2016.  Clothes dryers and room air conditioners had the highest volumes of 
eligible sales, Figure 11. 

 

Figure 33 – Product Category Sales/Total Qualified Sales (%) - All Sponsors 

Market penetration results (qualified sales/total category sales) by category, Table 5, and distribution 
of sales by tier, Table 6, have been crucial information for establishing specifications, setting incentive 
rates and forecasting budgets for the 2017 program year.  These results have also informed EPA’s 
analysis of markets for ENERGY STAR products, which is important in their specification setting 
process. 
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Table 10 - Market Penetration by Product 

Aggregated Market Penetration 
of Eligible Sales

55
 

  All Sponsors 

Air cleaners 80% 

Air conditioners 19% 

Dryers 26% 

Freezers 13% 

Soundbars NA 

Total 20% 

 

Table 11 - RPP Qualified Product Sales by Tier (%) 

  All Sponsors 

 Product Basic Tier 
Advanced 

Tier 

Air cleaners 74% 26% 

Air conditioners 100% NA 

Dryers 99.8% 0.2% 

Freezers 100% NA 

Soundbars 8% 92% 

Total 89% 11% 

 

The primary data management objectives of the pilot have been achieved.  The pilot has 
demonstrated the ability to collect and manage large volumes of total category sales data from 
multiple retailers.  The first year’s results have also shown the viability of using the outputs of the data 
system for program management and program planning.   

Large volumes of data and complex processes have uncovered data management issues during the 
pilot.  A data quality evaluation sponsored by PG&E has raised questions about data consistency and 
reliability as well as quality process controls.  Dialogues with sponsors and retailers have also 
identified shortcomings in user interfaces.  Usability and evaluation feedback have resulted in 
significant process improvements. 

In the long term, market penetration trends are an indicator of shifts in average unit energy 
consumption as well as market transformation.  Energy savings calculations and market 
transformation progress indicators are currently unique to each program sponsor.  ENERGY STAR 
RPP task forces provide a forum for creating common or uniform practices for mid-stream, market-
transformation program measurement. 

RPP Pilot Evaluation  

RPP has introduced evaluation challenges and, anticipating this, the pilot has involved a team of 
evaluators.  Challenges have been due to a lack of familiarity with market transformation approaches 
and the complexities of a coordinated national program.  In addition to EM&V guidance documents, 
this task force has joined the U.S. Department of Energy’s Uniform Methods Project to develop 
detailed guidance on how to evaluate midstream market transformation program like RPP.  The pilot 
is intended to validate RPP processes and collect baseline information for market transformation 
measurement.   

Evaluation is an important activity for program sponsors, but is data and resource intense.  Retailers 
have agreed to contribute to evaluation and the participation agreement spells out restrictions and 
obligations for data usage and evaluation support.  Retailers participate in evaluation tasks twice per 
year for setting baselines and for assessing end of program outcomes. 
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 Market penetration for soundbars cannot be presented as data is to be aggregated with 3 or more retailers.  Total market 
penetration, however, includes soundbar sales. 
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The first baseline surveys with retailers and their suppliers have documented relevant current 
business practices, retailers’ viewpoint of energy efficiency, and the potential impact of RPP. (EPA, 
2016)  Survey results indicate retailers’ buying motivations.  Their product selection decisions include 
customer needs, product performance, profitability, price points, and brands.  Merchandising and 
marketing decisions follow a national strategies with some regional and, in rare cases, local 
differences.  Profitability is the most important deciding factor, while energy efficiency is typically not a 
major consideration.  ENERGY STAR is, however, important to retail merchants because of its high 
brand recognition, which helps customers to quickly identify an energy-efficient product.  RPP had not 
yet had an influence on ordering decisions due to limited program scale/scope and the six to twelve 
month lead time associated with product orders.   

Surveys explored decision-making processes for RPP product categories and uncovered information 
useful for program design, for example: 

 Air Purifier – Fall and spring are the key buying seasons. 

 Room Air Conditioner – Energy efficiency is relatively more important for room ACs than for 

other product categories. Fall is when the buying season starts. 

 Soundbar – Due to low unit energy consumption, energy efficiency is normally not a selection 

criteria for retailers.  Consumer electronics buying decisions are generally made by 

merchants in the fourth quarter. 

 Clothes Dryer – New dryer models have an increasing number of features, including energy 

efficiency options.  Models stay on the market for more than average of one to two years.   

 Freezer – Energy efficiency is more important feature for larger freezers than smaller 

freezers, which are highly price competitive.  Fall is a major buying season for freezer sales. 

Many program sponsors have initiated process evaluations during the pilot.  To minimize the resource 

burden on retailers, the evaluations have been coordinated with baseline surveys when possible. 

EPA’s Accomplishments in the ENERGY STAR RPP Pilot 

The Retail Products Platform has become a prominent element in EPA’s ENERGY STAR marketing 
strategy.  It supports ENERGY STAR’s mission to increase the use of energy efficient products.  It 
builds positive relationships with retailers and utility partners.  It introduces innovations to cost 
effectively address remaining energy savings opportunities.  And it supplies new sources of data to 
guide marketing and specification setting activities.  EPA has included RPP as a featured topic in their 
2016 ENERGY STAR Partners Meeting and set up a dedicated web site 

https://www.energystar.gov/ESRPP for this initiative.  This web site will be a repository for 
aggregated, national information for RPP. 

During the first year of the pilot, EPA has facilitated the coordination of program sponsors and 
execution of collaborative tasks.  They have aligned the ENERGY STAR products marketing calendar 
with RPP and have assigned marketing resources to the marketing/field services task force; 
participating retailers’ promotions during the pilot reflect EPA’s input. 

EPA’s technical team within ENERGY STAR has been an active participant on the products and data 
task forces.  RPP data and data processes have guided improvements to qualified products lists to 
simplify RPP model matching and to ensure that soundbar listings were clearer to consumers and 
utilities.  Analysis of pilot results has led the team to expand outreach to manufactures to encourage 
them to keep their product listings up to date, better enabling their products to qualify for RPP 
incentives. 

As RPP grows in scale and becomes successful, EPA expects its role to change from facilitator to 
stakeholder.  They will have progressively less leadership responsibilities and will remain an important 
collaborator in market transformation.  EPA aims to utilize RPP’s collective marketing power and rich 
data sources to guide and potentially accelerate specifications for efficient products.  Towards the end 
of 2016, this transitions has begun as program sponsors assumed leadership of many ENERGY 
STAR RPP task forces. 

 

 

https://www.energystar.gov/ESRPP
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ENERGY STAR RPP 2017 Program Planning 

A major accomplishment during the first year of the pilot has been gaining consensus to continue the 
pilot and build the scale needed to establish an ongoing, market transformational program.  Keeping 
to the RPP calendar, program sponsors focused efforts during the second half of 2016 on selecting 
products, determining specifications, and forecasting budgets for 2017.  Goals for 2017 are to: 

 Recruit additional program sponsors to bring the scale of the program to 30 percent of U.S. 

residential customers 

 Maintain the 2016 product with new specifications, see Table 7. 

 Add two new products, clothes washer and refrigerator. 

 Add two retailers, including a buying group representing independent retailers. 

 Explore potential of including participating retailers’ growing on-line sales in future RPP 

program. 

Table 12 - 2017 Products and Specifications 

Product  
Tier 

Level 
2016 Tiers Proposed 2017 Tiers 

Air Cleaner Tier 1 ENERGY STAR v1.2 ENERGY STAR v1.2 +30%  

Air Cleaner Tier 2 ENERGY STAR v2 +30% ENERGY STAR v1.2 +50%  

Room AC Tier 1 ENERGY STAR v4 ENERGY STAR v4 

Room AC Tier 2 NA ENERGY STAR v4 + connectivity 

Electric Dryer Tier 1 ENERGY STAR v1 ENERGY STAR v1 

Electric Dryer Tier 2 ENERGY STAR Heat Pump ENERGY STAR Most Efficient 2017  

Freezer Tier 1 ENERGY STAR v5 +5% ENERGY STAR v5 

Freezer Tier 2 NA ENERGY STAR v5 +5% 

Sound Bar Tier 1 ENERGY STAR v3 +15% ENERGY STAR v3 +15%  

Sound Bar Tier 2 ENERGY STAR v3 +50% ENERGY STAR v3 +50% 

Clothes Washer Tier 1 NA ENERGY STAR Most Efficient 2017 

Clothes Washer Tier 2 NA ENERGY STAR Most Efficient 2017 +5% 

Refrigerator Tier 1 NA ENERGY STAR v5 

Refrigerator Tier 2 NA ENERGY STAR Most Efficient 2017 

 
The current line-up of ENERGY STAR RPP program sponsors begin the second year of their 
programs on April 1, 2017.  In 2017, program sponsors and EPA will continue process improvements 
in all RPP elements with an objective of lowering barriers to participation. 
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APPENDIX 

Table 13 - 2016 Participating Program Sponsors 

Program 
Sponsor 

Full Name State(s) Brief Description Web Site 

NEEA 
Northwest Energy 
Efficiency Alliance  

Idaho (ID), 
Montana (MT), 
Oregon (OR) and 
Washington (WA) 

NEEA is an alliance of more 
than 140 Northwest utilities 
and energy efficiency 
organizations working on 
behalf of more than 13 
million energy consumers to 
drive market adoption of 
energy efficiency products, 
services and practices. 

www.neea.org 

PG&E 
Pacific Gas & 
Electric Company  

California (CA) 

PG&E is an investor-owned 
utility (IOU) that provides 
natural gas and electricity to 
most of the northern two-
thirds of California. 

www.pge.com 

EVT Efficiency Vermont Vermont (VT) 

EVT advances sustainable 
energy solutions for all 
Vermonters through 
education, services, and 
incentives, and promotes 
efficiency as a clean, cost-
effective, and local fuel 
source. 

www.efficiency 
vermont.com 

SMUD 
Sacramento 
Municipal Utility 
District 

California 

SMUD is the nation's sixth-
largest community-owned 
electric service company 
providing electricity for about 
70 years to Sacramento 
County. 

www.smud.org 

FOE Focus on Energy Wisconsin (WI) 

FOE is Wisconsin utilities’ 
statewide energy efficiency 
and renewable resource 
working with Wisconsin 
residents and businesses on 
cost-effective energy 
efficiency. 

www.focuson 
energy.com 

XCEL  Xcel Energy Inc. 
Colorado (CO), 
Minnesota (MN) 

Xcel is an IOU and supplier 
of electric power and natural 
gas service in Colorado, 
Michigan, Minnesota, New 
Mexico, North Dakota, South 
Dakota, Texas and 
Wisconsin. 

www.xcel 
energy.com 

NJCEP 
New Jersey’s Clean 
Energy Program 

New Jersey (NJ) 

NJCEP is a statewide 
program that offers financial 
incentives, programs and 
services for New Jersey 
residents, business owners 
and local governments to 
help them save energy, 
money and the environment. 

www.njclean 
energy.com/ 

Con Ed 
Consolidated 
Edison, Inc. 

New York (NY) 

Con Ed is an IOU providing 
electric, gas, and steam 
service to 10 million people 
who live in New York City 
and Westchester County. 

www.coned.com 
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Abstract  

As the overall energy efficiency of different products is raised through energy efficiency standards and 
labeling programs, newer tools and programs are needed to further accelerate the adoption of the 
most efficient products to achieve additional efficiency gains. Over the last decade, several developed 
countries and region have established programs to designate or rank models as the most or super-
efficient products within their product categories. Together with other supporting policies, these 
programs have helped consumers identify and purchase the most efficient products. In emerging 
economies such as China, there is an urgent need for the development of new programs to help 
consumers differentiate and purchase the most efficient products as urbanization and rising 
household incomes drive more purchases of energy-using products. In order to provide guidance and 
insights for the development of the Chinese program, we reviewed and analyzed key elements of 
international programs that designate or rank most efficient products as the basis for specific 
recommendations tailored to China’s domestic conditions. This paper reviews the U.S. ENERGY 
STAR Most Efficient, U.S CEE Super-Efficient Home Appliances Initiative tier rankings, and the SEAD 
Global Efficiency Medal Awards in terms of program design, product efficiency criteria, and supporting 
policies for accelerating market adoption of super-efficient products. Common trends and key 
differences amongst the international programs are assessed to identify key findings for China’s Top 
Runner program in terms of efficiency threshold design, implementation, enforcement and evaluation. 
This paper concludes with a summary of the pilot design of China’s Efficiency Top Runner criteria for 
three common products of air conditioners, televisions and refrigerators.  

Introduction  

As mandatory energy efficiency standards and energy labeling programs help accelerate market 
transformation of efficient products, more tools are needed to help differentiate and identify the top 
performing products in terms of energy efficiency. Over the last decade, several countries and regions 
have established voluntary national or subnational programs to designate or rank models as the most 
or super-efficient products within their product categories. These international programs include the 
U.S. ENERGY STAR’s Most Efficient Designation program, the U.S. Consortium for Energy Efficiency 
(CEE)’s Super Efficient Home Appliances Initiative’s energy efficiency tier rankings, and the 
multilateral Super Efficient Appliances Deployment (SEAD) Initiative’s Global Efficiency Medal Awards 
competition. Together with supporting policies, these programs help consumers identify, compare and 
purchase the most efficient products and drive the market adoption of high efficiency products.  

In emerging economies such as China, however, recent strategies for raising product energy 
efficiency have focused mainly on mandatory efficiency standards and mandatory or voluntary energy 
labeling programs. China first introduced its mandatory energy performance standards (MEPS) in 
1989 and this has since expanded to cover over 60 products. China then launched a voluntary energy 
efficiency certification label in 1999, followed by a mandatory comparative energy information label 
known as the China Energy Label in 2005 that now covers 33 products. The China Energy Label is 
intended to help consumers identify efficient products by ranking products from efficiency grades of 1 
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(most efficient) to 5
56

 (least efficient and set to the MEPS level), with Grades 1 and 2 used to 
designate efficient products. However, lags in label revisions and other market transformation 
programs have resulted in a clustering of products in Grades 1 and 2. For example, after a national 
subsidy program was launched for high efficiency room air conditioners in June 2009, the shares of 
Grade 1 and 2 variable-speed room air conditioners out of total models on the market increased from 
only 17.5% in 2008 to 59% in 2009

[1]
. Yet as urbanization and rising household incomes drive more 

purchases of energy-using products, there is an urgent need for the development of new programs to 
help consumers differentiate and purchase the most efficient products. China has recognized this 
need and began developing its own Energy Efficiency Top Runner program over the last two years to 
recognize the most efficient products in parallel to its energy information rating label.  

In order to provide guidance and insights for the development of the Chinese Energy Efficiency Top 
Runner program, we reviewed and analyzed key elements of international programs that designate or 
rank most efficient products as the basis for specific recommendations tailored to China’s domestic 
conditions. This paper begins by reviewing the U.S. ENERGY STAR Most Efficient designation, U.S 
CEE Super-Efficient Home Appliances Initiative tier rankings, and the SEAD Global Efficiency Medal 
program in terms of program design, product efficiency criteria, and supporting policies for 
accelerating market adoption of super-efficient products. Analysis of the international experiences and 
key lessons learned are then highlighted to draw policy recommendations for the development of 
China’s Top Runner program. Common trends and key differences amongst the international 
programs are assessed to identify key findings for China’s Top Runner program in terms of efficiency 
threshold design, implementation, enforcement and evaluation. This paper concludes with a summary 
of the pilot design of China’s Efficiency Top Runner criteria for three common products of air 
conditioners, televisions and refrigerators.  

International Program Review  

U.S. ENERGY STAR Most Efficient Program  

Program Design and Efficiency Criteria  

The ENERGY STAR labeling program was introduced as a joint program of the U.S. Environmental 
Protection Agency (EPA) and the Department of Energy (DOE) in 1992 to promote products that are 
more efficient than the minimum energy performance standards (MEPS) and typically represent the 
25% most efficient products on the market. In May 2011, the ENERGY STAR program launched a 
new pilot program element to designate the most efficient or top tier efficiency models for selected 
product categories including clothes washers, refrigerators, televisions and heating and cooling 
equipment. It is meant to recognize manufacturers and products with exceptional performance in 
energy efficiency, yet no compromise in performance. The Most Efficient designation pilot was 
launched after the U.S. EPA conducted market research into the target consumer markets and the 
most effective marketing messages and positioning in Northwestern U.S. and four other major cities 
using several test designs and messages. The findings and insights from the market research were 
incorporated into the proposed pilot program design. The product categories selected for the 2011 
Most Efficient designations were based on the market channel (e.g., consumer products vs. 
commercial products), the product value proposition which does not vary by region or life, and a range 
of demonstrated energy performance [2]. The subsequent products selected include clothes washer, 
dishwashers, refrigerators, TVs, central air conditioners, and heating equipment. The ENERGY STAR 
and the ENERGY STAR Most Efficient designation programs are funded by the national federal 
government with a program budget of approximately $50 million US dollars within the U.S. 
Environmental Protection Agency.  

Since 2011, the U.S. EPA has continued to use the same process for proposing and finalizing the 
new Most Efficient designation program updates every year. The U.S. EPA conducts internal technical 
and economic analysis during the beginning of the year to determine if the existing Most Efficient 
designation criteria need to be adjusted (strengthened due to market shifts or sometimes weakened 
to accommodate a larger range of highly efficient products), if included product types should be 
expanded, and if harmonization with existing programs (e.g., updated ENERGY STAR specifications 
or federal mandatory efficiency standards) needs to be improved. The proposed changes (if any) to 
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 Some products with limited efficiency differentiation such as air conditioners only have efficiency grades of 1 to 3 in the China 
Energy Label.  
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existing Most Efficient designation criteria for the upcoming year and/or addition of new product types 
are then announced in a proposal released to the public for public comment and feedback in the 
middle or towards the end of the year, ranging from July to November. The comments from 
stakeholders, including manufacturers, ENERGY STAR Partners, and consumers as well as in 
consultation with the U.S. DOE, are taken into consideration along with the principles of the pilot 
program. The EPA then publishes a memo announcing the final Most Efficient recognition criteria for 
the upcoming year by summarizing the comments received and responses and rationales for keeping 
or adjusting the program design based on the feedback. The qualifying product and model lists for the 
latest ENERGY STAR Most Efficient program are available for consumers to search on EPA’s 
ENERGY STAR website. Previous Most Efficient designated products (e.g., Most Efficient 2014 or 
earlier products) are not listed on EPA’s website but their designation can still be used by retailers in 
promotional point-of-purchase materials. For all HVAC product categories except boilers and all 
window products with products new to ENERGY STAR Most Efficient, ENERGY STAR partners need 
to apply for recognition in order for EPA to verify that these products meet the Most Efficient 
specifications. The ENERGY STAR Most Efficient mark are then intended for retailers to use in 
promotional point-of-purchase materials in stores or on product literature and websites, but not on the 
product itself. This is specifically done to avoid consumer confusion when assessing products by 
having to compare an additional label beyond the existing energy-related labels of EnergyGuide and 
ENERGY STAR, and to avoid conflict between ENERGY STAR and the ENERGY STAR Most 
Efficient designation.  

Table 1 shows the 2017 Most Efficient designation efficiency criteria for products, their savings 
potential over the MEPS level or conventional products, and market share captured. The Most 
Efficient criteria are much more stringent than the ENERGY STAR program criteria, particularly for 
ceiling and ventilation fans, clothes washers, residential windows and furnaces. Most Efficient 
products represent a very small share of the available models on the market, ranging from less than 
1% to 7% depending on the product type and market differentiation of energy performance. By 
specifically recognizing only the top technology performers, the Most Efficient designation is intended 
to help spur innovation and drive market transformation by providing a tool for early adopters to 
identify and purchase the most efficient products. This in turn helps create a distinct market for the 
most efficient products, and motivate additional manufacturers to focus on developing higher 
efficiency products.  

Table 14. 2017 Most Efficient Designation Criteria Product Savings and Market Share for 
Selected Products 

  Savings over MEPS, Conventional 
Products and Market Share 

% of Models or Market 
Captured 

Clothes Washers 33% energy and 32% water savings (front-
load) 

51 models from 3 brands 

Clothes Dryers 25% to 30% energy savings 22 models from 5 brands 

Air-source heat pumps 20% to 30% energy savings <1% of market 

Central AC 

Furnaces 18% energy savings from standard units 1% of market 

Geothermal heat pumps 20% to 40% savings from conventional units 5.9% of market 

Refrigerator-freezers >15% energy savings from MEPS 24% of Top-mount market, 
4% of Bottom-mount 
market, 1% of Side-by-
Sides 

Boilers 14% energy savings 2.7% of market captured 

Ductless AC and Heat 
Pumps 

25% to 35% energy savings <1% of market 

Computer monitors 35% energy savings 3.7% of market  

Ceiling Fans 66% energy savings N/A 

Residential Ventilating 
Fans 

85% saving in airflow for bathroom/utility, 
70% saving in lighting 

6.5% of models 

Source: [3] 
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Implementation and Supporting Policies  

A key strength of the ENERGY STAR Most Efficient designation program is that EPA is able to tap 
into its existing robust framework for testing and compliance monitoring for the ENERGY STAR 
program. Since Most Efficient products must also be qualifying ENERGY STAR products, they are 
subject to the same rigorous testing and reporting requirements as the ENERGY STAR program. 
More specifically, EPA introduced a new process in late 2010 requiring that accreditation bodies (AB) 
provide official accreditation for laboratories and certification bodies (CB) supporting the ENERGY 
STAR program. Under this process, laboratories conduct testing for products seeking ENERGY STAR 
certification and verification. ABs are required to accredit CBs and laboratories based on both 
international accreditation guidelines, ENERGY STAR reporting requirements and participate in inter-
laboratory comparison testing known as round-robin testing as deemed necessary by EPA or DOE. In 
addition, testing laboratories are required to test products seeking certification and products selected 
for “off the shelf” verification as well as to cooperate with ongoing audits from the AB. EPA requires 
every CB to test at least 10% of all ENERGY STAR qualified models the CB has certified or for which 
it has received qualified product data annually [4]. Approximately half of that 10% should be randomly 
selected, while the remaining half are selected based on “high risk” factors such as previous non-
compliance, complaints from third-parties and high sales volume. The comprehensive certification and 
accreditation requirements for testing laboratories in qualifying for ENERGY STAR, and subsequent 
verification testing requirements for maintaining the ENERGY STAR label, provide a strong foundation 
for validating the performance of Most Efficient products.  

In addition, another strength of the program is that state and local rebates are provided for qualifying 
ENERGY STAR-labeled products to complement the ENERGY STAR program, including some 
specifically for the Most Efficient designation. These rebates and tax credits provide financial 
incentives for consumers to overcome the higher capital cost of more efficient appliances and 
equipment and help raise awareness for ENERGY STAR products. From late 2009 to early 2012, for 
example, the U.S. Department of Energy provided $300 million in funding as part of the American 
Recovery and Reinvestment Act to states and territories to offer rebates for the purchase of new 
ENERGY STAR appliances to replace existing appliances

 
[5]. The specific design of the rebate 

program in terms of how the rebate is given out and the level the rebates are set at and vary by region 
and by the program administrator, which may be state government agency, energy and/or water utility 
company, or third-party efficiency program administrator.  

Some rebate programs offered by local utilities, such as California’s Pacific Gas & Electric Company 
(PG&E), applies specifically to appliances that are recognized as ENERGY STAR Most Efficient 
products. In 2014, 12 utility efficiency program sponsors serving a total of 37 million residential 
consumers included ENERGY STAR Most Efficient 2014 products in their residential rebate 
programs, tripling the level of participation since the designation was introduced in 2011 [6]. These 
rebates directly help consumers overcome the high upfront cost of ENERGY STAR Most Efficient 
appliances, while helping increase consumer awareness of the Most Efficient designation.   

In some cases, gas and electric utilities and water utilities may also work together to promote the 
purchase of appliances such as clothes washers that have high energy and water efficiency and may 
even offer a simplified combined rebate. In 2015, for example, PG&E offered a rebate of $50 per unit 
for designated ENEGY STAR Most Efficient 2015 Clothes Washer, with additional rebate of $100 
possible from customers’ local water agency if they are participating in the combined rebate program 
[7]. Coordination is needed amongst participating water agencies to ensure agreement on a single 
(e.g., $100 in 2015) water efficiency rebate amount across all water agencies.  

U.S. Consortium for Energy Efficiency Super Efficient Home Appliances Initiative 

Program Design and Efficiency Criteria 

The Consortium for Energy Efficiency (CEE) is a U.S. and Canadian consortium of gas and electric 
efficiency program administrators that was founded in 1991. Its members include all organizations 
with regulatory or legislative mandate to administer energy efficiency programs (e.g., utilities or state 
or regional energy agencies or commissions) and other public stakeholders such as national and 
state agencies, Department of Energy national laboratories and public interest groups but does not 
include manufacturers, retailers and distributors. As a non-profit organization, CEE and its initiatives 
are funded by its members. In the area of product energy efficiency, CEE founded the Super Efficient 
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Home Appliances (SEHA) Initiative in the 1990s, expanding from their earlier work on promoting 
clothes washers and coinciding with the emergence of the U.S. ENERGY STAR program. As a 
complementary initiative to the ENERGY STAR program, CEE’s SEHA initiative focused on promoting 
highly efficient ENERGY STAR appliances, particularly those that meets efficiency levels higher than 
the ENERGY STAR minimum efficiency requirements. In 1998, CEE developed tiered efficiency 
specifications for refrigerators, dishwashers, room air conditioners to further distinguish between more 
efficient appliances beyond the ENERGY STAR threshold. The goal of these tiered efficiency 
specifications is to help CEE members – gas and electric efficiency program administrators – in the 
U.S. and Canada identify and promote super efficient products above ENERGY STAR. In doing so, 
the initiative is expected to help increase the sales of super efficient products, increase participation in 
the ENREGY STAR program and increase the manufacture and sales of superefficient appliances. 
The tiered efficiency specifications developed by CEE are focused primarily on manufacturers and 
consumers, and have been primarily used by efficiency incentive or rebate programs.   

The CEE efficiency specifications and tier levels are developed through an iterative process involving 
CEE members, manufacturers and other stakeholders. The initial efficiency specifications and tier 
levels are developed by the CEE Residential Appliances Committee, where members evaluate 
potential tier levels by considering factors including [8]: 

 Technological potential of a given product 

 Distribution of efficiency performance or currently available products and estimated 

savings potential 

 Operating variances due to regional influences 

 Incremental product costs to achieve increased efficiencies 

 New federal efficiency standards 

 Manufacturer lead times 

 Current and planned/proposed ENERGY STAR specifications 

   

After the CEE Committee drafts a specification proposal, the proposal is distributed to industry and 
other stakeholders for review and comment. Multiple rounds of comment periods and revisions may 
be held to incorporate feedback and revisions. Once the committee is satisfied with the final 
specification proposal, it is submitted to the CEE Board for review and approval. Additional revisions 
over time occur ad hoc and do not follow a specific timeline, but rather, occur on an as-needed basis 
at the recommendation of CEE committee, staff or the CEE Board.  

As a complementary initiative to ENERGY STAR, the CEE efficiency specifications leverages the 
analysis that has already been done by the ENERGY STAR program to help strengthen the technical 
rigor of the program. In order to ensure coordination and harmonization with the most recent 
ENERGY STAR specifications, the first tier of the CEE efficiency specifications are set at ENERGY 
STAR performance levels. If there are levels of significant performance improvement, intermediate 
tiers (Tier 2 – 4) may be introduced to highlight products that are generally cost-effective with 
incentives or most market transformation programs. The highest tier (CEE Advanced Tier) is also 
reserved for only the top performing models that are not yet cost-effective, and which may be even 
more efficient than the Most Efficient designated models. This Advanced Tier is intended to recognize 
innovative manufacturers who have shown leadership in developing and manufacturing super-efficient 
products.  

Figure 1 shows the relationship between CEE efficiency tiers and ENERGY STAR thresholds.  
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Figure 1. Relationship between ENERGY STAR and CEE Efficiency Specifications  

Source: CEE  

CEE’s tier efficiency specifications have reflected the significant improvements in appliance efficiency 
over time. Taking clothes washers as an example, Tier 1 (the lowest tier) specifications in terms of a 
modified energy factor has increased by 80% from 1.26 in 2001 to the current ENERGY STAR level of 
2.38. The current Tier 2 specification of integrated modified energy factor for front-load clothes 
washers is set at the 2015 ENERGY STAR Most Efficient designation of 2.74, with Tier 3 (highest tier) 
set at 2.92, a level that is even higher than the 2015 ENERGY STAR Most Efficient designation [9]. 

Implementation and Supporting Policies 

Compared to the ENERGY STAR Most Efficient designation program, the CEE Super Efficient 
Initiative has less stringent requirements on qualifying models. Depending on the product, models can 
qualify for the CEE Tier rankings in one of two ways: manufacturers submit product testing data 
showing that the product performance meet CEE specifications, or CEE directly obtain and use test 
data from third-party to determine which products meet the CEE specifications. The list of qualifying 
products for each CEE Tier are then updated monthly and published online. Because CEE is not 
responsible for implementing energy efficiency programs, it does not have specific testing or 
compliance requirements which could potentially weaken the credibility of the program. Instead, the 
qualifying list information is provided to utility or rebate program administrators, which may require 
compliance with local certification or verification requirements for including CEE-qualifying products in 
their rebate programs. In California, for instance, products that qualify for a CEE Tiered ranking rebate 
must also be listed in the California Energy Commission’s database of compliant products to qualify 
for an efficiency rebate from the local utility. 

An important differentiation between ENERGY STAR and the CEE efficiency specifications, however, 
is that CEE does not administer or implement its efficiency specifications. Rather, the specifications 
and catalogs of models that meet the current tiered specifications are developed by CEE and shared 
with their members, the efficiency program administrators that will then use the CEE specifications to 
shape their incentive or rebate programs. This is an important distinction because CEE tiers are not 
explicitly shown on the product themselves and are intended to help efficiency program 
administrators. This in turn can help mitigate potential consumer confusion between multiple 
recognitions of high efficiency products.  

Figure 2 shows the reported CEE Tiers and incentive levels used by rebate programs that reference 
CEE efficiency specifications.  
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Figure 2. Distribution of Rebate Programs by CEE Efficiency Tier and Rebate Level for Clothes 
Washers  

Source: [10] 

As seen in Figure 2, the actual rebate amounts are set individually by efficiency program providers 
and may be different as a result of different levels of total funding available for the rebate program, 
different consumer base and different energy saving goals or targets. Although retail prices range 
significantly by location, retailer, brand, and product features and sizes, the utility rebates are in 
general 5% to 10% of the retail prices for high-efficiency clothes washers and refrigerators and 10-
20% of the retail prices for efficient room air conditioners. Some programs provide greater rebate 
amounts and targets higher CEE Efficiency tiers, while others only provide modest rebate amounts 
and are willing to provide rebate for CEE Tier 1 products.  

SEAD Global Efficiency Medal  

Program Design and Efficiency Criteria  

The Super-efficient Equipment and Appliance Deployment (SEAD) initiative is a voluntary, multilateral 
collaboration of 17 national governments on promoting the manufacture, purchase and use of energy-
efficient appliances, lighting and equipment globally. The SEAD Initiative was started under the Clean 
Energy Ministerial and as a task of the International Partnership for Energy Efficiency Cooperation in 
2010. Participating member countries in the SEAD Initiative include Australia, Brazil, Canada, Chile, 
the European Commission, Germany, India, Indonesia, Japan, Korea, Mexico, Russia, South Africa, 
Sweden, the United Arab Emirates, the United Kingdom and the United States. The SEAD Initiative 
supports the efforts of these 17 governments to accelerate and strengthen the design and 
implementation of appliance energy efficiency policies and measures through four major areas [11]:  

1. Provide knowledge and tools to help impact policy change 

2. Raise awareness about the importance of increasing the efficiency of common appliances 

and equipment 

3. Identify and highlight technologies that save energy 

4. Provide technical expertise and best practices to stakeholders  

 

The Global Efficiency Medal represents the only global mark of energy efficiency, and was created to 
help drive innovation amongst manufacturers by showcasing manufacturers’ ability to provide top-
quality products that are feature-rich, energy-efficient and can reduce energy costs. As a SEAD 
initiative, the Global Efficiency Medal is funded through significant in-kind and financial contributions 
from the seven participating governments as well as with support and funding from the U.S. 
Department of State. The Global Efficiency Medal identifies the most efficient products in different 
categories and regions, as well as an overall global winner. This competition recognizes both 
commercially available as well as emerging technologies, and is intended to highlight new innovative 
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super-efficient products. Six of the 17 SEAD member countries currently lead the Gold Efficiency 
Medal initiative, including Australia, Canada, India, Sweden, the United Kingdom and the U.S.  

Manufacturers of both commercially available and emerging technologies are eligible to apply and 
products can also be nominated for consideration as long as it is sold in one of the region considered 
by the award. Applications and nominations are submitted using a declaration of performance form, 
and preliminary winners have to provide two sample products for verification testing before they can 
be declared winners, which helps bolster the credibility of the award. The final winners are announced 
via media and press releases, and an international awards ceremony is subsequently held to 
recognize these winners. Because of the proprietary and competitive nature of the highly super-
efficient products nominated for the Global Efficiency Medal competitions, only details about the 
winning brands and products are publicized and information and statistics about the other nominated 
products which did not win the competition are not available to the public.   

In 2012, SEAD launched a Global Efficiency Medal competition to recognize the world’s most efficient 
flat-panel televisions. The most efficient flat-panel televisions were identified in three different size 
categories (less than 29 inches, 29-42 inches, and 42 inches and above) and four geographic regions 
(Australia, Europe, India, and North America). Within each size category, the best performer across 
the four regions is recognized as the International Winner for that size category. In addition, an LG-
produced LED blacklit LCD prototype television that is 59% more efficient than commercially available 
comparable models was recognized as the most efficient emerging technology globally [12]. 
Subsequent competitions have focused on computer display monitors, electric motors, lighting 
products, and a second round on televisions. 

Implementation and Supporting Policies 

The Global Efficiency Medal competition is implemented through an active self-nomination process by 
manufacturers. This is intended to inform and motivate manufacturers to actively participate because 
winners were only identified through manufacturer nominations, and not based on already available 
market data or efficient product databases such as the ENERGY STAR database. Another key 
strength of the program is the product testing and verification requirements in the winner selection 
process for the SEAD Global Efficiency Medals competition. For products that are preliminary 
identified as the regional and/or international winners based on the nominations, manufacturers have 
to provide serial numbers of 50 available product models from different locations. The award program 
administrator will then randomly select 2 product samples from those 50 models to conduct product 
testing to verify the energy performance data submitted by the manufacturers in their nominations. 
The product verification testing costs are paid by the regional governments but manufacturers pay the 
shipping costs for the test samples. The tested energy performance results must be within a 2% 
margin of the manufacturers’ claims for the product to be confirmed as a winner [12]. In addition to the 
verification testing, round-robin testing and inter-laboratory testing are also performed independently 
with the same 6 product samples of winning nominations to ensure comparable and transparent test 
results across regions when selecting the international winner. An expert witness is also included as 
part of the round-robin testing, and international test procedures are used to the extent possible to 
ensure international harmonization.   

However, as a relatively new, voluntary award recognition program that spans across national 
boundaries and are based on multilateral efforts, there are currently very limited national or regional 
policies to support or promote the SEAD Global Efficiency Medals. This is a major challenge for the 
program as there has only been one example of a rebate program including SEAD Global Efficiency 
Medal winning products: the state of Vermont included the winning TVs as a qualifying product for its 
top-tier rebate for efficient TVs. Possible future supporting policies could include special national 
government recognition or financial incentives for manufacturers that receive the Global Efficiency 
Medal.   

Analysis of International Experiences and Implications for China   

Program and Efficiency Threshold Design  

A key principle for setting the Top Runner efficiency threshold based on international experiences is 
that the efficiency criteria needs to be set at a level that balances a small enough market share to 
distinguish products as super-efficient but with large enough sales potential to transform the market. 
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This principle was utilized by the three international programs reviewed, including the SEAD Global 
Efficiency Awards program which required significant mass sales potential that varied, by region, from 
5,000 to 50,000 units sold per year in the preceding year, as a criteria for selecting the most efficient 
product globally. ENERGY STAR Most Efficient and CEE Tiered programs did not specify minimum 
sales threshold for qualifying products, but did set the program specifications for products based on 
minimum number of manufacturers currently producing products that are able to meet the 
specifications. In addition, the total number of manufacturers and the relative degree of market 
consolidation for specific product types needs to be considered when selecting new products to 
include in the Top Runner program and in setting the efficiency threshold.  

The international experiences have also demonstrated that it is not necessary to have pre-set criteria 
for setting the Top Runner efficiency threshold such as designating a top share of the market as Top 
Runner products because the manufacturing industry and market distribution of efficiency may vary 
significantly between products. Rather, it is more important to use the same or similar efficiency 
criteria as existing standards and/or labeling programs to make the energy efficiency criteria 
comparable. For example, the CEE program uses the same efficiency criteria as the U.S. standards 
and ENERGY STAR program, making it easy to compare how much more efficient its CEE Tiered 
products are compared to both the federal standards and the ENERGY STAR products. In addition, 
as with the standards and labeling program, basic performance criteria and features also need to be 
included in the Top Runner requirements.   

In terms of updating the Top Runner thresholds over time, regular review and subsequent revisions 
and updates are needed to keep thresholds relevant and representative of rapidly changing market 
conditions, with flexibility for more frequent updates if possible. For example, the progression of 
ENERGY STAR Most Efficient program criteria over the past 5 years have shown that revisions may 
not be necessary every year for some products that are already very efficient with limited 
improvement potential such as air source heat pumps and furnaces, but each product’s efficiency 
criteria should nevertheless be reviewed regularly. In some cases, the efficiency criteria may also 
need to be changed completely to align with changes in standards development, such as the change 
from modified energy factor to integrated modified energy factor for clothes washers in ENERGY 
STAR’s Most Efficient 2015 program.  

All three international programs have highlighted the importance of engaging various stakeholders, 
especially manufacturers, in setting the efficiency thresholds and designing and implementing 
programs for recognizing the most efficient products. Active engagement of stakeholders through 
public workshops, webinars, and advanced notice of proposed Top Runner thresholds can help 
ensure early buy-in of the program amongst key stakeholders, improve its effectiveness, and increase 
public awareness and recognition of the program.  

Program Implementation and Enforcement  

As the international experiences demonstrate, greater market adoption of Top Runner products can 
be achieved by highlighting qualifying products in catalogs, lists or online databases and by more 
actively promoting their purchase through rebate and incentive programs. Similar to the catalogs 
updated monthly by CEE for the qualifying products that meet the latest CEE tiered efficiency 
specifications and the online databases available on the ENERGY STAR website, Top Runner 
products can be promoted through a regularly updated list or catalog of qualifying products that is 
publicly available and easily accessible. For the rebate program, the specific rebate level set for Top 
Runner products will vary by product type, depending on the retail prices of different products, but in 
general could range from 5-10% for clothes washers and refrigerators which have higher per unit 
upfront costs and 10-20% for room air conditioners based on the U.S state rebate programs for CEE 
tiered efficiency products. If possible, the cost-effectiveness and cost of conserved energy should be 
evaluated in determining the rebate level for the Top Runner products. Products that are not price 
competitive after a rebate are less likely to be purchased by consumers, and will not provide any net 
economic benefits to consumers. Regional differences in electricity or fuel prices, usage patterns, and 
retail prices may also need to be considered in setting the rebate level, with region-specific rebates if 
necessary to account for significant differences. 

If the Top Runner program qualification is based on self-reported test data from manufacturers, then it 
will be important to include additional verification testing requirements such as those that have been 
adopted in the U.S. and in the SEAD Global Efficiency Awards program. One example of a possible 
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testing requirement would be to require that a certain percentage or a certain number of product 
models – determined based on the scale of potential qualifying models and manufacturers - be tested 
regularly at certified or third-party testing laboratories. In addition, accreditation bodies can also be 
used as an additional layer of oversight and security as seen in the case of the ENERGY STAR Most 
Efficient program. In addition to verification testing, inter-laboratory and round-robin testing can also 
play an important role in strengthening the energy performance compliance of Top Runner products 
and ensuring their reported energy performance are accurate and valid. Inter-laboratory testing is also 
important for improving the technical capacities of test laboratories in understanding and carrying out 
test procedures not just for Top Runner products, but also for all products covered by the standards 
and labeling programs since the same test facilities may be used. Another important benefit of inter-
laboratory and round-robin testing is that they can help minimize regional variance in compliance.  

Regardless of the types of testing that will be used to support enforcement of the Top Runner 
program, it is important to include a specific budget for testing within the program budget and 
resource allocation. This specific budget can help guarantee that testing will be done regularly – 
thereby deterring manufacturers from non-compliance – and if possible, used to pay for the costs of 
verification testing. Some international programs such as SEAD have paid for the testing costs to 
minimize manufacturer resistance to testing, and have only asked that manufacturers provide the test 
sample and pay for transport costs if necessary. 

Supporting Policies  

Supporting policies and initiatives can be introduced to help accelerate the market adoption of Top 
Runner programs. International experiences have illustrated the successes of these supporting 
activities, which can include linking Top Runner product purchases to local efficiency programs 
through local rebates and linking to energy efficiency awareness campaigns such as offering Top 
Runner products in energy efficiency sweepstakes. In addition, the ENERGY STAR Most Efficient 
experience have shown that up-to-date, interactive and consumer-friendly website to research and 
locate Top Runner products plays a critical role in helping consumers do research online and locate 
retailers to purchase Top Runner products.  

Another key component of effective implementation of the Top Runner program is active engagement 
and participation of manufacturers, retailers and consumers in producing, selling and buying Top 
Runner products, respectively. The international programs reviewed have illustrated many different 
strategies and tools to encourage active participation. As the ENERGY STAR Most Efficient and CEE 
programs have demonstrated, targeted messaging to manufacturers can help motivate them to 
produce more highly efficient products that can qualify for the Top Runner program. This can include 
promoting the Top Runner logo as a trusted, third-party recognition of high-quality, high-performance 
product. As with ENERGY STAR, the China Energy Label can also provide a branding value for 
manufacturers with the Top Runner logo further differentiating higher efficiency products. For 
consumer groups, targeted messaging and marketing by consumer groups or pilot cities can also play 
an important role in informing and influencing consumers and their purchase decisions. Highlighting 
other non-energy benefits of the Top Runner products, such as additional features or lower water 
consumption, can also help motivate consumers to buy more Top Runner products. Other key 
strategies that were used by all international programs include using high-visibility information tools – 
particularly internet and social media – to influence consumer research and purchase decision-
making. Leveraging existing programs including manufacturer or retailer awards and using existing 
organizations such as energy efficiency organizations to engage manufacturers, retailers and 
consumers is another important strategy. Similarly, other government organizations and agencies can 
also be engaged throughout the development of the Top Runner program to build government 
support for developing and implementing supporting policies for promoting Top Runner products. 
International examples of this included engaging water agencies in launching joint rebate programs 
for high energy and water-efficiency products.  

Overall Policy Recommendations 

Based on the review and analysis of international experiences and each program’s success factors 
and weaknesses as well as analysis of China’s existing institutional and policy framework, some 
overall policy recommendations can be identified for China’s Top Runner program, including:  
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1. Using scientific, analysis-based methodology for setting and regularly revising the efficiency 

criteria is very important to ensuring the Top Runner program requirements are effective and 

stringent enough 

2. Developing robust verification testing and systematic evaluation framework are both crucial to 

improving the program as it expands and can help maximize the program’s effectiveness in 

market transformation  

3. Stakeholder involvement is very important in raising market awareness and adoption of Top 

Runner products 

4. Active participation of manufacturers, industry associations and efficiency program 

administrators can drive bottom-up market demand for both production and consumption of 

Top Runner products  

5. Linking the Top Runner products to national or coordinated local subsidy programs can help 

accelerate adoption of these products 

 

Adopting these recommendations can help avoid some challenges that were observed in international 
programs, including: 

1. Designation or awarding of highly selective, super-efficient products that are not cost-effective 

and not likely to appeal to a broad consumer base and will not have significant impact on 

energy savings or market transformation  

2. Top Runner designation should be as prominent and linked to the China Energy Label, while 

ensuring consumers understand the differentiation between CEL efficiency tiers and Top 

Runner designation  

3. Weak or insufficient enforcement and verification testing that may erode consumers’ trust in 

the designated products’ energy performance, and result in loss in branding value of the “Top 

Runner” program 

 

China Energy Efficiency Top Runner Program  

In December 2014, China announced plans to implement a voluntary Energy Efficiency Top Runner 
program to help distinguish super-efficient models on the China Energy Label with possible future 
subsidies for super-efficient products. Qualifying products that are recognized as an Energy Efficiency 
Top Runner based on their score ranking will receive an “Energy Efficiency Top Runner” designation 
on the China Energy Label for that product as shown in Figure 3. The placement of the Top Runner 
designation on the China Energy Label helps mitigate potential consumer confusion over multiple 
labels. The pilot phase of the Energy Efficiency Top Runner program for appliances from 2015 to 
2016 included flat panel televisions, household refrigerators, and variable-speed room air 
conditioners.  

 

Figure 3. China’s Energy Efficiency Top Runner designation for the China Energy Label 

The detailed implementation rules for implementing the program were released in November 2015 for 
each of the three pilot product categories [13]. In order to submit an application, manufacturers need 
to commit to produce annual shipment of at least 10,000 units for that specific product model. This 
minimum sales requirement reflects incorporation of lessons learned from international programs. 
Manufacturers then need to meet detailed application requirements and submit an application form to 
have up to 5 specific product models evaluated using defined selection criteria. More specifically, a 
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comprehensive evaluation matrix was developed to assess Top Runner products not only in terms of 
energy efficiency, but also based on the manufacturers’ emphasis on innovation and energy 
conservation such as investment on research and development. Taking room air conditioners as an 
example, a total of 100 points are possible based on specific selection criteria, including 70 points for 
the product’s energy performance beyond Grade 2 efficiency criteria, 15 points for the product’s 
technical components, and 15 points for the manufacturer’s energy conservation-related activities.  

Of the 70 possible points for energy performance, 70 points are awarded if the product model is at 
least 5% more efficient than the Grade 1 requirement, 50 points are awarded if the product meets 
Grade 1 requirement and 30 points are awarded if the product meets Grade 2 requirement. For the 
product’s technical components, a total of 15 possible points are awarded for using energy-efficient 
technologies compressors, refrigeration system, low-power standby and other technologies (up to 8 
points); the use of low ozone-depleting and low greenhouse gas warming potential refrigerants (up to 
3 points), environmentally-friendly materials (up to 4 points), compliance with national standard for 
noise limits (1 point) and the use of smart control technologies (2 points). For the manufacturer’s 
energy conservation activities, a total of 15 possible points are awarded if the manufacturer holds 
patents or awards in energy efficiency technologies or management, actively promote efficiency, 
commit to sell more than 10,000 units of the super-efficient model, and have documented year-on-
year growth in selling Grade 2 or above products.  

The application forms are first reviewed by the provincial authorities and then forwarded to the 
national authorities of National Development and Reform Commission (NDRC), Ministry of Industry 
and Information Technology (MIIT) and the General Administration of Quality, Supervision, Inspection 
and Quarantine (AQSIQ). The NDRC, MIIT and AQSIQ will then work with relevant experts to select 
the top 30 scoring products and commission third-party organizations to conduct on-site inspections 
and testing of the products. Taking the international experiences and lessons learned into 
consideration, a robust verification and enforcement system has been developed for China’s Top 
Runner program. Documentation from manufacturers are reviewed and endorsed by provincial 
governments and samples of selected products are sent to designated testing laboratories for 
verification testing before being awarded the Top Runner designation. In addition, manufacturers of 
selected products are required to submit annual reports to the ministries and those that fail to meet 
the minimum sales commitment will lose their designation.   

The top 10 to 20 products with overall outstanding performance are awarded the “Energy Efficiency 
Top Runner” designation and publicized online and through other media venues within 15 days. 
Manufacturers will need to re-apply annually for the Energy Efficiency Top Runner program and must 
meet the minimum sales requirement to qualify. The rules also outline penalties for manufacturers and 
testing laboratories that are discovered to have submitted false data, including a ban of 2 and 3 years, 
respectively, from participating in the Top Runner program. 

In early 2016, the first catalogue of selected Energy Efficiency Top Runner products was published 
jointly by NDRC, MIIT and AQSIQ. The catalogue included 150 models nominated by 18 
manufacturers. Mass media communication strategies were adopted to help recognize and promote 
these Top Runner products as well as to encourage future participation, including a press conference, 
award ceremony and other media promotion activities. Due to challenges with the previous national 
financial incentive program for efficient products, including instances of market distortion and cheating 
resulting from significant costs associated with large market surveillance, national financial incentive 
program was not established for Energy Efficiency Top Runner products. However, the central 
government is hoping provincial governments can provide local incentives to promote Top Runner 
products but none have been established yet. The second round of the Energy Efficiency Top Runner 
program will cover additional products and is likely to be announced later in 2017. 

Conclusions 

Based on the implementing rules released for China’s first pilot Energy Efficiency Top Runner 
program, it appears that success factors from international programs were taken into consideration 
and incorporated into the design of the program selection criteria and implementation process. The 
Top Runner program incorporated the open, self-nomination process illustrated by the SEAD Global 
Efficiency Awards program with a quantitative 100 point evaluation system. The point-based 
evaluation system includes minimum sales requirement of 10,000 units to ensure there is sufficient 
sales potential to achieve market transformation impact. To evaluate energy performance, the 70 
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point system is closely aligned with the China Energy Label’s existing efficiency grades as the U.S. 
ENERGY STAR Most Efficient and CEE Tiered programs were harmonized with the ENERGY STAR 
program. However, the Top Runner program sets a pre-defined 5% improvement threshold for all 
three products for awarding the full 70 points that is different from both U.S. programs, which used 
different efficiency metrics for different products. The Top Runner program also considers 
performance criteria as well as non-energy benefits in its scoring system, and its requirement for 
annual re-application provides flexibility for revising the scoring metrics.  

In terms of implementation, additional verification testing requirements such as those that have been 
adopted in the U.S. and in the SEAD Global Efficiency Awards program are included in the Top 
Runner program. Its specific verification approach is similar to the SEAD Global Efficiency Awards 
program in that Top Runner winners are contingent on successfully passing third-party verification 
testing and inspection. The awarding of up to 15 points for manufacturer’s various efforts related to 
energy efficiency can help motivate and engage manufacturers in raising market awareness of 
efficiency to drive bottom-up market demand for both production and consumption of Top Runner 
products. It also reflects greater attention paid to developing partnerships with manufacturer industries 
and retailers as witnessed in the U.S. ENERGY STAR and CEE Tiered programs. Lastly, the 
implementing rules also emphasize the need for developing supporting policies for promoting Top 
Runner products, including prioritized use in government procurement and energy efficiency retrofit 
programs and financial incentive policies. Although no specific policies have been adopted yet for 
China’s Top Runner program, mass communication and public recognition and awareness campaigns 
have been launched and provincial or local subsidies for products may be introduced in the future with 
the central government’s support.  

This paper focused on the development, implementation and enforcement of international programs 
that were mostly introduced recently within the last six years to promote highly efficient products. As 
relatively new programs, there is still much additional research and analysis that can be done to 
understand these programs’ impact on market transformation. This is particularly true for China’s Top 
Runner program, which is very new and only in its second year of operation, and thus presents 
opportunity for developing robust market impact tracking for future impact evaluations. For example, 
tracking of total sales as well as the overall market share of designated products can help provide 
insight into which programs have been effective in increasing adoption of most efficient products. 
Quantitative analysis to attempt to separate out the energy reduction impact of “Most Efficient” 
initiatives, particularly when compared to existing mandatory efficiency standards and information 
labeling programs, is another key area of future research. Lastly, exploring potential for multi-lateral 
collaboration in developing and promoting “Most Efficient” initiatives can have important spillover 
effects, particularly for large manufacturing and exporting countries such as China.  
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Impacts of Common Domestic Products Outside the Use Phase: A 
Literature Review and Program Strategies 

Thomas Hendrickson and Mateusz Malinowski, ICF 

Abstract 

A regulatory and manufacturer focus on energy efficiency during product use has concentrated or 
even increased environmental impacts during production and disposal. Examples include toxic 
chemicals in efficient lighting, manufacturing energy for more complex integrated circuits, and 
fluorinated greenhouse gases (F-GHGs) in refrigerants. Tackling non-use-phase impacts ensures that 
programs and end-users do not suffer these unintended consequences.  

Also, for energy efficiency programs that are running out of GHG savings, impacts outside the use 
phase provide an opportunity. For most products, use-phase energy use will still dominate 
greenhouse-gas impacts; however, non-use phases offer significant savings in small or infrequently-
used products (e.g., notebook computers) and products that rely on F-GHGs in use or manufacture 
(e.g., refrigeration products and liquid-crystal displays). Water conservation also translates into GHG 
reductions, particularly in arid regions such as California.  

Program solutions can target these impacts by focusing on non-punitive efforts that highlight and 
promote best practices. These include awards for innovative designs that reduce impacts, incentives 
for recycling or durability, and manufacturer outreach on the unintended consequences of non-use 
phases.  

This paper presents a comprehensive literature review of environmental impacts beyond use-phase 
energy for a selection of domestic and lighting products, and existing and potential program strategies 
for their reduction. 

Introduction 

Historically, environmental savings programs and policies have found the greatest and most cost-
effective mitigation opportunities in energy efficiency upgrades in product use. Reducing the energy 
demands of consumer and commercial products can help diminish a wide variety of environmental 
impacts, including greenhouse gas (GHG) emissions, air pollution emissions, water consumption, 
energy consumption, and toxic releases from avoided electricity generation and fossil fuel 
combustion. This has created a worldwide focus on developing energy efficiency programs (EEPs) to 
promote or generate requirements for energy efficiency upgrades to common products and processes 
that require significant energy consumption during use. Examples include phase-outs of less-efficient 
lighting (i.e., incandescent bulbs), vehicle fuel standards, U.S. federal government’s ENERGY STAR 
program, the European Union Energy Efficiency Directive, and Japan’s Top Runner program. 

However, many products and programs may soon or are already experiencing diminishing returns on 
efficiency upgrades, where energy efficiency during product use may no longer be the cost-effective 
“low hanging fruit” in mitigating environmental impacts. While energy consumption during the use-
phase still dominates environmental impacts for most products, non-use phases, such as material 
extraction, manufacturing, and disposal, can offer opportunities for significant environmental savings. 
Common examples include avoiding the use of GHG-intensive materials upstream of product use in 
the supply-chain. Employing life-cycle perspectives can help program directors, product designers, 
and policy makers identify mitigation opportunities outside of product use. 

Moreover, there are examples of energy efficiency improvements increasing environmental impacts 
outside of product use (i.e., use-phase), including computer processors that require increasing energy 
consumption in microprocessor manufacturing [1], the use of high-global warming potential (GWP) 
materials in refrigerants and insulation [2, 3], and toxic chemical releases in production of light-
emitting diode (LED) bulbs [4]. 

This paper first introduces life-cycle thinking through a general description of life-cycle assessment 
(LCA). We contrast LCA methodologies and environmental indicators with current EEP approaches to 
environmental assessments. The paper then uses a detailed literature review of recent LCA studies 
and examples from EEPs to assess the potential for EEPs to utilize life-cycle approaches to expand 
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mitigation efforts. Our assessment is limited to GHG emissions, water consumption, energy 
consumption, toxic chemical releases, and material solid waste based on the focuses of the available 
literature. This is not a reflection of the complete suite of environmental indicators commonly analyzed 
by LCAs, which can include, for example, air pollutant emissions (e.g., NOx, SOx, VOCs, and 
particulates) [5], water pollution (e.g., eutrophication and acidification), and ozone depletion potential 
[4]. The final section of the paper discusses potential EEP solutions to incorporate LCA and expand 
the scope of environmental mitigation efforts. 

Life-cycle Thinking 

LCA is a holistic environmental assessment method that quantifies impacts throughout a product or 
process’s lifetime. A product’s lifetime reflects all inputs and outputs from “cradle to grave”, or from the 
initial sourcing of materials required for manufacturing (i.e., raw materials extraction) to final disposal, 
reuse, or recycling (i.e., product end-of-life) [6]. While a product will have social and economic impacts 
throughout its lifetime, LCA is limited to assessing environmental impacts, despite how closely 
connected environmental impacts may be to social and economic considerations.

57
 The 

environmental impacts analyzed in any given LCA are dependent on the particular assessment’s 
goals, scope, and data and resource availability. 

LCAs can vary in general methodologies and approaches. There are two main approaches, and a 
third hybrid approach that uses both primary methods. One approach is to model a product or process 
by breaking out and applying LCA to each specific component that contributes to the whole [7]. This is 
referred to as process-based LCA. Other studies may apply input-output methodologies to model the 
broad-level interactions between direct and indirect supply chain elements associated with a product 
or processes’ lifetime [8]. This approach is often used to model wide arrays of product or process 
variations. The two approaches can also be combined in hybrid approaches. Because LCAs are 
modeling combinations of many variables, for any given product or process, results will always have 
an element of uncertainty that can be difficult to quantify. Whenever possible, LCA practitioners seek 
to generate a range of results through model variations, which is often done through geographic and 
temporal variations. 

In EEPs, environmental savings and impacts are largely centered on energy consumption or GHG 
emissions, such as ENERGY STAR’s Portfolio Manager or the efficiency programs of the California 
Energy Commission. In LCAs, GHG emissions and energy consumption are common environmental 
indicators, but assessments can often focus on a wider range of impacts due to the holistic 
assessment approach and expanded scope. We developed Figure 1 to contrast the typical scopes 
and environmental impacts of energy efficiency programs and LCAs. 

  

                                           
57 Recent LCA research has trended toward analyzing economic and social considerations, through existing life-cycle cost 

assessments or social LCA methodologies, in parallel with LCA to give greater context to LCA results [3], [47]). 
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Figure 1. General LCA and EEP scopes 

 
Figure 1 shows the potential LCA offers for EEPs to expand their environmental impact mitigation, 
both within existing impacts of concern (i.e., GHG emissions and energy consumption), and for 
potentially new impacts (e.g., toxic releases, criteria air pollutant emissions, and ozone depletion 
potential). LCA could also allow program managers to better account for variability and uncertainty in 
quantifying environmental savings by using LCA to examine regional and supply-chain variations, 
such as different electricity mixes during product use or manufacturing practices. The remainder of 
this paper will detail a literature review of recent LCA studies and reports related to examples of 
environmental impacts currently not captured by EEPs. We accomplish this by specifically focusing 
outside of product use, most notably in product manufacturing and end-of-life. 

Non Use-Phase Environmental Impacts 

Table 1 briefly summarizes the studies, impacts, and EEP products that will be discussed throughout 
this paper, primarily noting the non-use phase implications of products common to EEPs. While Table 
1 and the following analysis do not reflect all product groups that may be included in EEPs. Our 
assessment details the product groups and environment impacts currently available in LCA literature 
related to EEPs. This section will expand on this summary, categorizing studies by the relevant 
environmental impact categories. For full details on environmental mitigation potential and relative 
contribution of the different non-use phase considerations included in Table 1, see the detailed 
descriptions for specific products and environmental impacts below. 

Table 1. Summary of LCA Literature Related to EEPs. 

Impact 
Category 

Related LCA 
Studies 

Relevant EEP Products Implications for EEPs 

Energy 
Consumption 

Boustani et al. 
2010, Jones et al. 
2013, Gutowski et 
al. 2011 

Clothes/Dish Washers, 
Computers, Electric 
Motors, Refrigerators 

The use-phase often 
dominates total product 
energy use, but LCA offers 
insights into the energy 
demands of production and 
manufacturing processes. 
Advancements in 
microprocessor efficiency 
have concentrated and 
increased energy 
consumption in computer 
manufacturing. 
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GHG 
Emissions 

Shah et al. 2007, 
Tahkamo 2013, 
Teehan and 
Kandlikar 2013, 
Thoma et al. 2013, 
Manoudis 2011, 
Calm 2002 

Lighting, Refrigerators, 
Heating/Cooling, 
Computers, Data 
Centers 

LCAs have closely 
examined the GHG 
emissions associated with 
production, use, and 
disposal of products 
common to EEPs. While the 
use-phase often dominates 
total emissions, significant 
savings can be found in 
design and production 
considerations, particularly 
when refrigerants, 
insulations, integrated 
circuits, or displays are 
used. 

Water 
Consumption 

Stokes et al. 2014, 
Chini et al. 2016 

Lighting, Clothes/Dish 
Washers, Water Heaters, 
Heating/Cooling, 
Refrigerators, Windows, 
Computers 

Water-energy nexus studies 
used LCA and similar 
approaches, that assess 
parts of the drinking water 
supply chain, to analyze the 
environmental savings of  
water efficient products 
(e.g., pressure reduction 
valves, water-efficient 
showerheads and faucets). 
Often these products can 
have highly cost-effective 
energy and GHG emission 
savings compared to 
commonly targeted EEP 
products, such as 
refrigerators or laptops. 

Toxicity Lim et al. 2011, 
Tahkamo and 
Halonen 2015 

Lighting Efficient lighting products 
can create toxicity risks 
through the use of lead and 
mercury in product design. 

 

Energy Consumption 

Recent literature has used life-cycle assessment (LCA) to determine total energy demands over 
product lifetimes. Most often, the use-phase dominates life-cycle energy consumption. For example, 
one LCA of household appliances found that raw materials processing and manufacturing contributed 
12% of total energy for dishwashers and 4% for clothes washers [9]. Another study employed LCA to 
examine the benefits of remanufacturing programs, finding that many products common to EEPs do 
not offer life-cycle energy savings in remanufacturing, particularly for electric motors, clothes washers, 
refrigerators, and dishwashers. However, computers (e.g., monitors and laptops) offered marginal life-
cycle energy savings through remanufacturing, where energy savings through remanufacturing 
peaked at 50% for one laptop case study [10]. Another LCA focused on computer manufacturing in-
depth, confirming that the manufacturing process has become increasingly energy-intensive, and 
accounts for over 40% of total life-cycle energy use. The study finds that the continued trend of 
decreasing use-phase energy through design and manufacturing will only exacerbate energy 
demands upstream of product use [11]. 
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GHG Emissions 

Life-cycle GHG emissions are closely connected with primary (i.e., fossil fuels) and secondary (i.e., 
electricity) energy consumption. Because of this, the use-phase often dominates the total lifetime 
GHG emissions for common EEP products. However, design decisions and manufacturing practices 
intended to minimize use-phase impacts through efficiency upgrades can increase emissions in other 
life-cycle phases.  

Refrigeration 

For refrigerators, environmental impact literature has focused on the contribution of GHG-intensive 
refrigerants to the life-cycle global warming potential (GWP) of refrigerators. Global policies have 
phased out the use of hydrofluorobarbons (HFCs) and chlorofluorocarbons (CFCs) to reduce the 
ozone depletion and climate change impacts of products [12]. LCA studies for food products have 
found that leakage of new refrigerant products can substantially contribute to life-cycle GHG 
emissions, although this number ranges significantly [13], [2]. One study found that leakage of 
refrigerants in supply chains can contribute 35% of life-cycle GHG emissions of milk (0.07 kg CO2e/kg 
milk) [2]. Another study, assuming lower leakage rates, found refrigerants only contributed 0.2-5% of 
total annual refrigerator GHG emissions (0.07-10.5 kg CO2e/kW-yr) [13]. 

Electronics 

A recent LCA assessed manufacturing and production (non-use) GHG emissions from electronics, 
using process-based methods to create a detailed component-level analysis of 14 consumer and 
commercial electronics. The study found that a majority of production GHG emissions were 
concentrated in integrated circuits (20% of total production emissions on average) [7]. While total 
emissions could vary significantly by product category, the authors generally found that overall mass 
was closely tied to total production emissions. Liquid-crystal displays (LCDs) and office rack servers 
revealed the largest production emissions. The concentrated emissions in LCDs may be related to the 
use of fluorinated GHGs (F-GHGs) in design [14], although the authors did not detail the potential 
effects of this. 

Lighting 

LCAs have focused on assessing environmental impacts of new lighting technologies on multiple 
scales. Studies found that more energy efficient technologies (namely light-emitting diodes (LEDs)) 
required significantly higher inputs, and subsequently emitted more GHGs, in manufacturing and 
production than older technologies (incandescent bulbs, high-pressure sodium). The more energy 
efficient technologies had significant savings in use to more than offset these manufacturing 
requirements [4, 15]. Impacts in LED manufacturing are primarily due to electricity consumption in 
luminaire cover production. For household lighting, manufacturing energy demands were 3.25 
MJ/MWh (LED, assuming an efficacy of 130 lm/W), 0.65 (compact fluorescent (CFL), assuming 65 
lm/W), and 0.05 (incandescent, assuming 10 lm/W). For downlight lighting, LED manufacturing was 
0.04 kg CO2e/MWh, CFL 0.01 kg CO2e/MWh [4].  

Heating and Cooling 

LCAs have also assessed the GHG emissions associated with heating and cooling systems. One 
study assessed furnaces, boilers, heat pumps, and air conditioners (AC), finding that system 
manufacturing and production contributed 0.5-1.5% of total life-cycle GHG emissions [16]. Another 
study detailed material demands and associated manufacturing GHG emissions of various system 
components: boiler (27 kg CO2e, 52% emissions from steel), integrated oil/natural gas boiler (39 kg 
CO2e), heat distribution system (5 kg CO2e), radiator (77 kg CO2e), floor heating (11 kg CO2e), air 
conditioner (142 kg CO2e, 60% of emissions from refrigerant R134a) [17]. 

Water Consumption 

For areas with water scarcity issues, such as the U.S. Southwest, water supply can be energy 
intensive relative to the rest of the nation. This gives appliances that save water in use (e.g., water 
efficient toilets, dishwashers, clothes washers) the potential for saving significant resources and GHG 
emissions through water conservation. Water supplied in these regions can be over twice as GHG-
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intensive than typical freshwater supplies when utilizing lower quality water sources (e.g., brackish 
groundwater, reclaimed water) [5]. 

Recent studies have used life-cycle approaches to compare the cost-effectiveness of environmental 
savings of water-efficient products to other common EEP products, or have analyzed the additional 
impacts of EEP products when water consumption is considered [3], [18]. Products that are water-
intensive (e.g., faucets, showerheads) can offer energy saving advantages in mitigation potential and 
cost-effectiveness in efficiency upgrades over more commonly targeted EEP products (e.g., air 
conditioners, dishwashers) [18]. This is because of the energy required to convey, treat, distribute, 
and sometimes heat drinking water to households. For areas with water scarcity concerns, such as 
Southern California, these energy savings through efficiency upgrades to water-intensive products 
become even more pronounced [3]. 

Toxicity 

A focus on continual use-phase efficiency upgrades can affect environmental impacts beyond energy 
consumption and GHG emissions. For lighting, particularly light emitting diodes (LEDs), studies have 
highlighted the potential human health impacts from toxicity exposure throughout the product’s life-
cycle. Recently, LED outdoor lighting technologies reduced the use of mercury in lighting (high-
pressure sodium), decreasing the toxicity effects over the technology’s lifetime [15]. However, low-
intensity red LEDs can leach high levels of lead, above some state regulatory limits [19]. 

Program Solutions 

The remainder of the paper will present a sample of program approaches that can address the 
additional impacts outside of use-phase energy presented above, and could be combined with or 
added to existing EEPs. Table 2, below, lists the programs discussed and the life-cycle phases 
addressed by these programs. However, similar programs may target other phases.

58
  

Table 2. Life-cycle impacts addressed by program approaches discussed. 

  Life-cycle Phases Addressed 

Program Example Program Type Manufacturing Product 
Use  

(Non-
Energy) 

End-of-
Life 

Center for Corporate Climate 
Leadership 

Industry 
Leadership 

Organization 

   

ENERGY STAR Emerging 
Technology Award 

Promotional 
Award 

   

Framework to Guide Selection of 
Chemical Alternatives, 
GreenScreen® for Safer 
Chemicals 

Technology 
Screening Tools 

   

Product Attribute to Impact 
Algorithm (PAIA) 

Computer Aided 
Design (CAD) 

Tools 

   

Electronic Product 
Environmental Assessment Tool 
(EPEAT), Association of Home 
Appliance Manufacturers 
(AHAM) Sustainability 

Voluntary Multi-
criteria 

Requirements 

   

                                           
58 For example, the Center for Corporate Climate Leadership described here focuses on the 

manufacturing phase, but there are other industry organizations—not described—that focus on 
reducing impacts during end-of life, such as the Rechargeable Battery Recycling Corporation 
(RBRC). 
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Standards, European Union 
(EU) Ecolabel 

EU Waste Electrical and 
Electronic Equipment Directive, 
EU Battery Directive, Japan 
Specified Home Appliance 
Recycling Law 

Extended 
Producer 

Responsibility 

   

HP Instant Ink, ENERGY STAR 
Set-top Box Specification 
Promoting TV-based Clients 

Service Model    

 

Design-forward Approaches 

One way to reduce impacts discussed above is by publicizing them as well as recognizing 
manufacturer efforts to reduce them. One example is U.S. Environmental Protection Agency’s (EPA) 
Center for Corporate Climate Leadership, which “recognizes exemplary corporate, organizational, and 
individual leadership in addressing climate change” [20]. One area that the Center highlights is LCD 
panel manufacturer efforts to reduce F-GHG emissions. This information is intended to share best 
practices among the industry but has also been used by business further down the supply chain to 
push for further reductions. [14]  

Instead of encouraging industry-wide or manufacturing process reductions, EEPs can instead focus 
on specific products. This is the approach employed by the EPA’s ENERGY STAR Emerging 
Technology Award. This award provides recognition to efficient products early along their adoption 
curves, such as heat-pump clothes dryers (2013–2014) [21]. However, in 2016 and 2017, the award 
was used to promote refrigerant systems that not only provide energy savings but also reduce GWP 
when the refrigerant is released into the atmosphere during product use or at end-of-life [22].  

The converse of promoting technologies or products that reduce manufacturing impacts is ensuring 
that EEP requirements can be met without resorting to technologies that increase impacts. As 
mentioned above, more complex semiconductor manufacturing processes can increase 
manufacturing energy and GWP of computers such that they outpace reductions in use-phase energy 
and GWP due to semiconductor scaling [1]. Awareness of manufacturing and end-of-life phases will 
help EEP managers set requirements that do not have unintended consequences. 

Systematic approaches currently employed in the electronics industry to identify hazardous chemicals 
could serve as a model here. These include lists that can be used to identify chemicals of high 
concern  to screen out known hazards, followed by in depth analysis of the alternative (safer) 
chemicals to identify potential tradeoffs (e.g., manufacturing versus use-phase emissions) [23]. 

These hazard assessments and design tradeoffs can be further integrated into the design process. 
For example, integrated circuit (IC) designers model the performance of their products before they are 
manufactured, and have computer-aided design (CAD) tools that calculate energy use and thermal 
impacts. Integrating life-cycle assessment information into such tools could help reduce impacts [24, 
25]. 

Finally, while the above discussion focused on manufacturing and use-phase impacts, many of the 
same approaches could be applied to reduce end-of-life impacts. These include explicit toxicity 
requirements (e.g., references to European Commission directive on Reduction of Hazardous 
Substances (RoHS) [26]), product scores based on repairability [27], and industry-wide efforts to 
promote recyclability through information (e.g., International Electrotechnical Commission (IEC) 
Technical Reference (TR) 62635 for recyclability scoring and reporting) and its integration into design 
tools [28]. 

Multi-criteria Requirements 

The above approaches can be incorporated into voluntary energy requirements, similar to how water 
use is already a part of various EPA ENERGY STAR requirements for dishwashers [29] and clothes 
washers [30]. Such multi-criteria requirements underlie the Electronic Product Environmental 
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Assessment Tool (EPEAT) and have been incorporated into the Institute of Electrical and Electronics 
Engineers (IEEE) 1680 series of standards [31]. Similarly, the Association of Home Appliance 
Manufacturers (AHAM) has developed multi-criteria standards for household refrigeration appliances 
and clothes washers [32, 33].  

Multi-criteria requirements also appear in EU Ecolabeling, where in the case of imaging equipment, to 
receive the EU Ecolabel, products must address the following non-use-phase energy impacts: 

 Manufacturing Phase: packaging 

 Use Phase: paper use, indoor air quality, noise 

 End-of-life: repairability, recyclability, reuse of components, substances in products and consumables 
[34]. 

These multi-criteria requirements can encourage life-cycle considerations while expanding the scope 
of environmental savings for EEPs. Although mandatory requirements do sometimes include non-
energy requirements in the use-phase (e.g., water in U.S. DOE energy conservation standards for 
dishwashers [35] and clothes washers [36]), we have not reviewed mandatory requirements that 
include non-use phase requirements. 

Extended Producer Responsibility 

While the above section discussed requirements that can be included in EEPs to address specific 
environmental impacts, an alternative approach is to focus on the impacts holistically, through product 
take-back, also known as extended producer responsibility (EPR). Requiring manufacturers to take 
back products closes the loop between product design and disposal, allowing manufacturers to 
address a broad set of non-use-phase impacts at once, and has led to higher rates of recycling and 
less material use during production (e.g., 10–35% reductions achieved in Japanese electronics and 
appliances). EPR has also extended product lifetime through upgradeability and maintenance, 
effectively reducing the remaining non-use phase impact by reducing its frequency [37]. The 
European Commission has legislated take-back requirements for electronics through the Waste 
Electrical and Electronic Equipment Directive (2002/96/EC) [38] and the Battery Directive 
(2006/66/EU and 2013/56/EU) [39], and several groups promote and track these types of 
requirements in the U.S. [40, 41].  

Where manufacturers have embraced take-back and integrated recycling into design, the effort has 
resulted in monetary as well as environmental savings. For example, Dell incorporated UL 
Environment-certified closed-loop recycled plastics into one of its computer models in 2014. By 2016, 
it was in 365 of its models. The increased scale permitted the material to be cost-competitive with 
other recycled plastics (which typically have some virgin material), while reducing CO2 by 11% [42]. 
Reuse provides a further financial opportunity, with the cellular carrier Sprint reporting $1 billion of 
annual savings through reselling used phones [43]. 

Encouraging companies to move to a service-based rather than product-based model enables further 
savings. By de-emphasizing the physical product altogether, a service model changes the incentives 
away from manufacturing and assuages manufacturer concerns about product commoditization or lost 
sales [44]. Leasing is common in auto, airspace, and IT industries, and companies like HP are 
pioneering it inside the home with a subscription service for desktop printer ink, which allows for larger 
cartridges than users would pay for up-front [45]. The ENERGY STAR Version 5.0 specification for 
Set-top Boxes provides an example of a program that promotes this trend, incentivizing television 
service providers to deliver video to network-connected televisions from a central server without the 
use of client set-top boxes in each room [46]. These and similar efforts make financial sense for the 
service-providers who now forgo the cost of equipment as well as its installation.   
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Abstract 

Financing has an intuitive appeal as a way to enable energy efficiency upgrades. While low- and 
middle-income homeowners may not be able to afford the upfront costs of an energy efficiency project 
or equipment upgrade at once, they are more likely to be able to do so over time, especially as the 
energy cost savings offset their payments. But do energy efficiency loan programs, supported by 
public or ratepayer funds, reach the participants who could benefit most from the loans?  

To answer this question, the authors analyzed National Grid’s HEAT Loan program in Rhode Island. 
The program buys down the interest rates of loans offered through participating local lenders to give 
participants access to 0% financing for qualified home weatherization and heating system 
improvements. This paper draws on findings from in-depth interviews with participating lenders, 
energy auditors, and contractors, and a survey of loan recipients. 

The analysis indicated that the income distribution of HEAT Loan recipients was representative of the 
larger population of Rhode Island homeowners, and suggested that the loans helped less wealthy 
participants make efficiency improvements. Nonetheless, the analysis also suggested that the loans 
could better serve low- and moderate-income homeowners, as less wealthy participants were more 
prevalent among those who applied for loans but did not receive them.  

Introduction 

Low and middle income households have traditionally been a difficult population for programs 
promoting energy efficient home upgrades to reach.

59
 Middle income households, in particular, can 

pose a challenge. Programs are available at the federal and state levels to provide low income 
households with upgrades at little or no cost. However, programs outside of these low-income 
offerings generally do not stratify their incentives by the income level of participants.

60
 As a result, 

households with incomes just above the threshold for highly-subsidized low-income programs face 
considerable upfront costs to complete energy efficiency improvements, but have less means to bear 
those costs than wealthier households.  

Nonetheless, low and middle income households hold considerable promise as targets for energy 
efficiency programs. While they are more likely than higher-income households both to rent their 
homes and to live in multifamily buildings, single-family, owner-occupied homes remain the most 
common housing type for low- and middle-income households.

61
 This is particularly true for middle 

income households; most (83%) middle income households live in single family homes and most 
(63%) of those own their homes.

62
 These homeowners represent a population of retrofit decision-

makers that would likely benefit from energy efficiency upgrades, if programs can successfully reach 
them.  

                                           
59

 Energy efficiency program administrators typically designate households who qualify for income-qualified assistance 
programs like the federal Weatherization Assistance Program (WAP) or Low Income Home Energy Assistance Program 
(LIHEAP) to be low income. To qualify for these programs, a household must earn no more than 60% of the state median 
income for households of their size. For example, in 2017, a family of four in Rhode Island qualifies for the program if their 
annual household income does not exceed $54,871. In Rhode Island, middle income households do not qualify for special 
assistance in improving their homes’ energy efficiency. As a result, there is not a formally-defined income level for middle 
income designation. Instead, middle income households are understood to be those with incomes too high to qualify for 
low income assistance programs but too little disposable capital to comfortably undertake voluntary energy efficiency 
upgrades. 

60
 Zimring M. et al. Delivering Energy Efficiency to Middle Income Single Family Households. Berkeley: Environmental Energy 

Technologies Division, Lawrence Berkeley National Laboratory. December 2011. 
61

 Kramer C. Energy Efficiency Financing for Low and Moderate-Income Single-Family Homes. American Council for an 
Energy-Efficient Economy Energy Efficiency Finance Forum, Newport, RI, May 24. 2016, 
http://aceee.org/sites/default/files/pdf/conferences/eeff/ 2016/Kramer_Session5A_FF16_5.24.16.pdf. 
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Due to its potential to eliminate the need for participants to bear upfront costs, financing stands out as 
an important tool in making energy efficiency programs accessible to low and middle income 
households. Program designers anticipate that not only will the financing eliminate upfront costs, but 
the energy cost savings resulting from the efficiency upgrades will, at least partially, offset the monthly 
payments on the loan.

63
  

Programs have encountered challenges, however, in designing financing products that effectively 
reach low and middle income homeowners. Programs have experienced disproportionately higher 
rates of loan application denials for middle income participants than for others, with as many as half of 
the middle income loan applicants in some programs denied financing.

64
 A review of 19 energy 

efficiency financing programs targeting all income sectors found an average loan approval rate of 
76%.

65
 While income itself is not an input to credit scores, the amount of credit available to a borrower 

is an input, and may be affected by the borrower’s income. In addition, debt-to-income ratio 
thresholds, which provide less leeway for existing debt to borrowers with lower incomes, have been a 
common reason for loan denials in energy efficiency programs.

66
  

In addition to difficulty in making loan products accessible to low and middle income borrowers, 
energy efficiency programs have found it challenging to motivate low and middle income households 
to pursue financing for energy efficiency improvements. Middle income households may be more 
likely to have unmet maintenance needs in their homes, including needs impacting health and safety, 
and are likely to prioritize those needs when funds or credit for home improvements become 
available.

67
 Middle income households may also be reluctant to take on additional debt; most middle 

income households (65%) that invest in home improvements do not use financing.
68

 

In order to provide insight into the potential of financing as an approach to help energy efficiency 
programs reach low and middle income homeowners, this paper examines the results of one 
financing program targeting homeowners in Rhode Island. This paper draws on findings from an 
evaluation of the EnergyWise weatherization program that National Grid, the natural gas and electric 
utility serving much of Rhode Island, administers in the state. The loan offering, called HEAT Loans, 
was one component of the evaluation. We begin with a brief description of the HEAT Loan offering, 
followed by a summary of the data sources on which our findings are based. We then examine both 
the utility of the loans in bringing about energy efficiency upgrades and the loans’ ability to reach a 
diverse population. We conclude with a discussion of the implications of these findings for financing 
as a tool to reach low and middle income homeowners. 

Program Description 

National Grid’s HEAT Loan offering allows participants to borrow up to $25,000 for a period of up to 7 
years at 0% interest to pay for efficient heating systems, domestic hot water systems, and 
weatherization measures. All HEAT Loan participants are required to have a home energy 
assessment through National Grid’s EnergyWise weatherization program. This provides National Grid 
with an opportunity to encourage participants interested in single-system upgrades to take a more 
comprehensive approach. All of the measures eligible for HEAT Loans are also eligible for incentives 
from National Grid and participants can access both incentives and loans. 

Six financial institutions in Rhode Island partner with National Grid to offer HEAT Loans. In order to 
provide loans to participant at a 0% interest rate, National Grid buys down the interest rate. This buy-
down, which National Grid makes in a single payment, is based on the net-present-value of the 
interest the loan would earn at a 5% interest rate. The individual financial institutions are responsible 
for determining customers’ eligibility and underwriting the loans. 
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Methodology 

As noted above, this paper presents findings from an evaluation of National Grid’s EnergyWise 
weatherization program that included a review of the HEAT Loan offering.

69
 The evaluation gathered 

data on the financing offering from four key sources: 

 The program tracking database: National Grid provided records for 3,925 projects that applied 
for or received loans. These projects entered the program between December 2012 and May 
2016.  

 Participant survey: The evaluation included an online survey of 352 participants who received 
home energy audits through the EnergyWise program, including those who used HEAT Loans 
(111 respondents), those who completed weatherization upgrades without a loan (110 
respondents), and those who did not take further action (131 respondents). 

 In-depth interviews with lenders: The authors interviewed representatives of all six lenders 
offering HEAT Loans in Rhode Island. 

 In-depth interviews with auditors: The authors interviewed 10 of the 16 individuals conducting 
home energy audits through the EnergyWise program in Rhode Island. These individuals 
bear the primary responsibility for informing participants about the HEAT Loan offering. 

Because the participating lenders underwrite the loans, HEAT Loan participants do not provide 
National Grid with information about their household incomes. As a result, we took two approaches to 
investigate whether the EnergyWise program and HEAT Loans are serving Rhode Island households 
equitably. First, we compared survey responses based on respondents’ reports of their household 
income. Second, we analyzed participation by the median income of each participant’s Census block 
group. Census block groups are the smallest geographical areas for which the U.S. Census Bureau 
makes income data available. There are 813 unique Census block groups in Rhode Island. Rhode 
Island Census block groups range from 5 to 1,512 households, and average approximately 500 
households. 

There are limitations in using Census block group median income to assess the accessibility of HEAT 
Loans to low and middle income households. As Figure 34 shows, there can be notable variation in 

income levels within a Census block group, although there is a clear trend of households with the 
highest incomes being concentrated in the highest-income Census block groups. For example, while 
10% of households in the Census block groups with the lowest 25% of median incomes in Rhode 
Island earn $100,000 a year or more, nearly half (46%) of the households in the Census block groups 
with the highest 25% of median incomes earn $100,000 a year or more.  
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Figure 34: Household Income Distribution by Census Block Group Median Income of Rhode Island 
Households 

Given the income variation within Census block groups, direct data on participating household income 
would be preferable to data at the Census block group level. However, as noted above, direct income 
data were not available for this study. We determined that the relationship between Census block 
group median income and household income was sufficient that an analysis based on Census block 
groups could provide illustrative, if not conclusive findings. Recognizing these limitations, in the 
discussion below, we are careful to refer to households within Census block groups with a particular 
median income, rather than attributing that income level to the household directly.  

Findings 

Impact of HEAT Loans 

Uptake of the HEAT Loan offering was largely steady from the beginning of 2014 through the fourth 
quarter of 2015, with quarterly participation ranging from 129 to 326 HEAT Loans. Approximately one-
fifth (22%) of households who completed EnergyWise weatherization projects used HEAT Loans. 
Because the evaluation focused on the weatherization offerings, data available for the evaluation did 
not indicate what proportion of those completing eligible heating and domestic hot water system 
upgrades used loans. 

We can infer that households who received a HEAT Loan but do not have record of completing a 
weatherization project likely used their loan for heating or hot water system improvements. Slightly 
more than one-third of the HEAT Loans recorded in the database for households that had 
assessments between 2014 and 2016 went to households that did not complete weatherization 
projects (Table 15). Additional households may have installed heating systems in addition to 
weatherization projects, but our data do not distinguish these cases from those that installed 
weatherization measures alone.  

Table 15: HEAT Loans Not Used for Weatherization Projects 

Year All HEAT Loans Loans Not Used for Weatherization Percent 

2014 1,011 380 38% 

2015 799 265 33% 

2016 69 28 41% 

Total 1,879 673 36% 
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Nine of the ten interviewed assessors were confident that the availability of HEAT Loans allows 
participants to complete larger projects, and projects that they would not complete without a loan. 
Survey findings support the assessors’ assertion. Four-fifths (80%) of the respondents reported that 
the availability of the HEAT Loan was important in their decision to complete the recommended 
improvements.

70
 As Table 16, suggests, more than three-fourths of the surveyed loan recipients 

reported that, had they not received the loan, they would have foregone, postponed, or altered their 
projects in ways that would have reduced their energy savings. Participants with the lowest household 
incomes were particularly likely to report that they would not have completed a project at all had the 
loan not been available. 

Table 16: Actions taken without HEAT Loan by household income 

Actions taken without HEAT Loan < $20k - $50k* 
(n=14) 

$50k - $100k* 
(n=40) 

$100k+* 
(n=24) 

Total 
(n=78) 

I would not have done a project at all 35.7% 17.5% 8.3% 17.9% 

I would have delayed the project more 
than six months 

14.3% 35.0% 20.8% 26.9% 

I would have done a smaller or less 
expensive project 

35.7% 20.0% 58.3% 34.6% 

I would have done exactly the same 
project 

14.3% 27.5% 12.5% 20.5% 

* p <0.05 

Program data further supports the assertion that HEAT Loans enable larger projects. Between 2014 
and 2016, weatherization projects receiving HEAT Loans cost, on average, 27% more than projects 
not using HEAT Loans (Table 17).  

Table 17: Cost of Weatherization Projects by Use of HEAT Loans, 2014-2016 

Year With Loan Without Loan Total 

Count Average Count Average Count Average 

2014 631 $3,669 1,842  $2,808 2,473  $3,028 

2015 534  $3,982 2,139 $3,114 2,673 $3,287 

2016 41 $4,409 422  $3,436 463  $3,522 

Total 1,206  $3,833 4,403  $3,017 5,609  $3,192 

Evaluating Heat Loan Equity 

The sections above suggest that HEAT Loans facilitated larger energy efficiency projects. However, 
for financing to achieve its promise as a tool to increase the accessibility of energy efficiency 
improvements, the loans must reach low- and moderate-income homeowners. Two factors indicate 
the extent to which the loan offering is reaching those who need it: the approval rate and the income 
level of participants. The following sections present findings on these factors. 

Approval Rates 

The proportion of loan applications approved for financing is one indicator of the equity of the HEAT 
Loan offering. A large number of loans denied financing would indicate a notable group of potential 
borrowers, many of whom are likely to have lower incomes, that are unable to access the loan 
offering.

71
 As with income data, National Grid does not receive direct reporting on the proportions of 

HEAT Loan applications that participating lenders deny. However, other data sources were largely 
consistent in suggesting a relatively high approval rate for HEAT Loans. 

While many lenders had difficulty reporting exactly how many applications they had received or the 
exact approval rate, most lenders reported generally high approval rates for HEAT Loans, with 
estimates ranging from 80-99%. The non-profit lender was the exception, with a much lower approval 
rate (approximately 35%). Nonetheless, this lender acts as the ‘lender of last resort,’ and reported this 
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 As noted above, even if income is not directly included in underwriting criteria, a borrower’s income level can impact the 
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approval rate is common across their loan offerings. Consistent with the lenders’ reports, assessors 
stated customers rarely express worries they will not qualify for HEAT loans. Survey findings are also 
consistent with the lenders’ reports of high loan approval rates. Of the 102 respondents who reported 
applying for a HEAT Loan, none reported their application had been denied.

72
  

Program data indicate that a higher percentage of participants applied for a loan but did not receive 
one than interview and survey data would suggest (Table 18).

73
 The data include 949 participants that 

initiated the loan process but do not have a record of completing it, roughly double the number that 
lenders’ rough estimates of acceptance rates, combined with the volume of loans each interviewed 
lender made, would suggest. It is important to note, however, that program records do not distinguish 
between participants whose financing applications were rejected and those who chose not to move 
forward for their own reasons or whose projects are still in progress. As noted above, even this lower 
proportion of applicants receiving loans is in line with the 75% average loan approval rate reported by 
programs around the country.

74
 

Table 18: Loan Completion by Year Assessment Completed, January 2014- May 2016 

Year Assessment 
Completed 

Total Loan 
Applications* 

Complete 
Loans** 

Incomplete 
Loans 

Percent with 
Complete Loan 

2014 1339 1011 328 75% 

2015 1219 799 420 66% 

2016  
(Substantial portion of 
projects likely still in progress) 

241 69 172 29% 

* Participants with a HEAT Loan administration fee associated with their record. 

** Participants with a HEAT Loan interest paid or HEAT Loan total financed associated with their 
record. 

Because approval rates only capture the respondents who apply for a loan, they are an incomplete 
indicator of the equity of the loan offering; they do not capture potential participants who did not apply 
for the loan on the expectation that they would not qualify. Survey data suggest this is not a major 
barrier for the HEAT Loan offering. Only four survey respondents (3%) of the 120 whose assessments 
recommended eligible efficiency projects and were aware of HEAT Loans reported they did not apply 
for a loan because they did not believe they would qualify. 

Estimated Income Level of Loan Recipients 

The distribution of the median income of the Census block groups in which HEAT Loan recipients’ 
homes are located relatively closely parallels the distribution of Census block group median incomes 
for all owner-occupied households in Rhode Island (Figure 35).  
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and 2) reported awareness with the HEAT Loan offering were asked whether they had applied for the loan, regardless of 
whether records indicated they had installed any energy efficiency measures. 
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 We identify participants who applied for a loan but did not receive one as those who have a record of a HEAT Loan 

Administration Fee but no record of HEAT Loan Total Financed or HEAT Loan Interest Paid.  
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* Data from American Community Survey five-year estimates for 2010-2014. 

Figure 35: Median Income of Census Block Groups in which HEAT Loan Recipients Reside 
(January 2014-December 2015) 

While participants whose homes are located in the lowest-income Census block groups were not 
notably underrepresented among HEAT Loan recipients relative to Rhode Island homeowners as a 
whole, they were more likely to have applied for, but not received, a loan (Figure 36).

75
 As noted 

above, not all of these participants were denied financing. Some may still be in the process of 
completing their projects, and others may have decided not to move forward with a loan for their own 
reasons. Nonetheless, given their lower incomes, these participants may also be more likely to be 
denied credit. 

 

 

* Data from American Community Survey five-year estimates for 2010-2014. 

Figure 36: Median Income of Census Block Group in which HEAT Loan Applicants Who Did 
Not Receive Loans Reside, January 2014 – December 2015 
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In contrast to loan recipients, participants who completed weatherization projects without using loans 
were more likely to come from the Census block groups with the highest median incomes than the 
larger population of homeowners (Figure 37). This is consistent with the survey finding that the most 
common reason participants declined to use loans for their weatherization projects was that they had 
the means to pay for their project out of pocket. 

 

Figure 37: Income Levels of Participants Who Completed Weatherization Projects Without 
HEAT Loans, June 2015 – May 2016 

* Data from American Community Survey five-year estimates for 2010-2014. 

The income data participants reported in the survey are consistent with these findings. Participants 
who used HEAT Loans were somewhat more likely than those who completed weatherization projects 
without using a loan to report annual household incomes of less than $50,000 (Table 19). 

Table 19: Income by Participant Group 

Household Income Audit Only 
(n=108) 

Weatherization without 
Loan (n=68) 

Weatherization with Loan 
(n=82) 

Under $50,000 20% 15% 18% 

$50,000 to under 
$100,000 

52% 54% 50% 

$100,000 or more 28% 31% 32% 

 

Discussion 

These findings support loans as an effective way to help low- and moderate-income homeowners 
complete energy efficiency projects. Rather than simply providing an added benefit to projects that 
would have occurred in any case, the loans allowed participants using them to complete larger 
projects or complete projects sooner than they would have in the absence of financing. The loans also 
allowed participants who would not otherwise have done so to make energy efficiency improvements.  

Analysis of the income levels of the Census block groups in which borrowers live suggests that loans 
are particularly important in making the program accessible to lower income homeowners. 
Homeowners completing weatherization projects without a loan were more likely to come from higher-
income Census block groups, while those using loans were reflective of the population of Rhode 
Island homeowners as a whole. Lower income borrowers were also more likely to report the loans 
were critical in allowing them to complete their efficiency projects.  

As they are exclusively based on an interest rate buy-down, HEAT Loans do not use the type of direct 
credit enhancement that some other energy efficiency loan offerings have incorporated to motivate 
lenders to ease underwriting criteria, offer credit on more favorable terms, or both. For example, 
programs around the United States have established loan loss reserve funds or made subordinate 
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capital arrangements to protect lenders against the risk of default in energy efficiency loans.
76

 In 
contrast, an interest rate buy-down is primarily designed to reimburse lenders for offering loans at a 
lower interest rate, rather than reducing the risk loans pose to the lender. The HEAT Loan program 
also did not place requirements on the underwriting criteria lenders used.  

Given this financing structure, it is notable that the HEAT Loan program was able to reach a 
population of borrowers reflective of the larger population of homeowners.

77
 Two factors increased the 

accessibility of the loans. First, because the program paid the net present value of the interest up 
front, the buy-down could offset any losses from loan defaults, providing lenders with some protection. 
Second, the program partnered with one community-based lender, which specialized in working with 
lower-income borrowers, to provide a lender of last resort for borrowers who may not have otherwise 
been able to qualify for financing. 

The prevalence of lower-income homeowners among those who applied for loans but did not receive 
them suggests that, if the program could further expand access to financing, it may be able to reach a 
wider group of low- and moderate-income participants. A financing program that meets all homeowner 
demand may include a larger proportion of low- and moderate-income participants than the population 
of homeowners as a whole.  

It is important to acknowledge, however, that increasing access to financing requires programs to 
strike a delicate balance. As the research presented here shows, low- and moderate-income 
participants can benefit from energy efficiency loans. Nonetheless, neither borrowers nor program 
administrators benefit from programs making loans that participants are unable to repay. 

Conclusion 

Energy efficiency program-supported financing offerings have the potential to allow participants to 
complete energy efficiency projects they would not otherwise be able to complete, or to increase the 
size of their projects. Loans can provide access to efficiency program offerings to low- and moderate-
income participants who may not otherwise participate. To realize these benefits, it is important for 
programs to design loan products that are accessible to low- and moderate-income borrowers. 
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Abstract  

The Energy Efficiency Directive (EED) of the European Union (EU) obliges Member States to submit 
National Energy Efficiency Action Plans (NEEAPs) every three years to the European Commission 
(EC). According to Annex XIV of the EED, the NEEAP shall cover “significant energy efficiency 
improvement measures and achieved/expected energy savings”. Guidance for these NEEAPs was 
published in addition to the EED. 

However, the EED and the guidelines only marginally address the energy efficiency of energy using 
products. The guidelines cover appliances only as “additional measures addressing energy 
efficiency”. Instead, Member States (MS) focus on sector-specific energy efficiency improvements in 
buildings and in the industrial sector. 

Despite this very vague formulation in the EED and in the guidelines, the project “Energy Efficiency 
Watch III” analysed in particular to what extent the individual EU Member States have implemented 
policies and measures for appliances and reported the progress in their NEEAPs. 

There is a strong suspicion that MS rely only on the two main EU instruments driving energy-efficient 
appliances in the European Union: the Ecodesign Directive, which sets minimum energy performance 
standards for a couple of product groups and the mandatory Energy Labelling Directive with the A+++ 
to G rating scheme. This would be a lost opportunity, especially due to the fact that some product 
groups are either not yet addressed by the two Directives or the potentials are not fully exploited. 
Furthermore, the policy process is often too long and the transformation towards energy-efficient 
appliances could be realised much faster with effective national policies. 

This paper analyses the NEEAPs as well as the EED notifications (Article 4, 5, 7) and the MURE 
database and determines energy efficiency policy measures for appliances in each MS. Policies are 
classified into six types: minimum energy performance standards, labelling schemes, information, 
economic incentives, education and training, and research and development. In fact, the paper 
compares the recent developments of 2014 with the previous NEEAPs from 2011 and analyses how 
many measures are ongoing, new, abandoned or significantly improved or weakened. The results will 
be interpreted and policy recommendations to enhance the NEEAPs will be formulated in order to 
reap the full benefits of energy-efficient appliances.  

Introduction  

Policies and measures are needed to achieve the EU energy saving targets [1]. It is therefore 
essential to monitor and evaluate the energy efficiency policies, which were implemented on an EU 
level and on a national level. The development of National Energy Efficiency Action Plans (NEEAPs) 
is an important step in this direction [2]. These plans are considered to be an essential instrument to 
monitor and accelerate the efforts of the individual Member States (MS) [3]. 

That is why the Energy Service Directive (ESD) 2006/32/EC required all EU Member States to publish 
National Energy Efficiency Action Plans. The first NEEAPs were published in 2007 and another round 
of reports had to be developed in 2011. Details have been laid down in Article 14 of the ESD. 
According to Article 14, “all EEAPs shall describe the energy efficiency improvement measures 
planned to reach the targets […] as well as to comply with the provision on the exemplary role of the 
public sector and provision of information and advice to final customers”.  

The obligation to publish regular action plans was also addressed by the Energy Efficiency Directive 
(EED) 2012/27/EU, which repealed the EED in 2012. According to Article 24 of the EED, it is 
compulsory for all MS to submit NEEAPs starting in 2014 and then every three years. According to 
Article 24(2) “the National Energy Efficiency Action Plans shall cover significant energy efficiency 
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improvement measures and expected and/or achieved energy savings, including those in the supply, 
transmission and distribution of energy as well as energy end-use, in view of achieving the national 
energy efficiency targets […]”. Annex XIV of the EED specifies the general framework for reporting 
including some mandatory minimum information for the national action plans. Although it is said that 
significant improvement measures for all energy efficiency measures shall be covered by the NEEAP, 
the annex remains very vague. In addition to this general information, a template was provided as a 
guideline by the European Commission (SWD (2013)180). This template provides suggestions to 
structure the information. The basis for the guidelines are the EED Articles, which cover different 
energy efficiency issues (inter alia 7, 8, 9-11, 12, 17, 18), and the different sectors and policy types. 
Appliances are only marginally considered. In Guidance 30, appliances are explicitly addressed 
(“please provide details on additional measures […] that promote the use of energy-efficient 
appliances and equipment in buildings”) without going into detail about the scope of this section and 
how the information shall be provided. The same is true for guidance 31, where appliances are 
explicitly mentioned. There it says that it is “recommended to provide, for all measures addressing 
energy efficiency in buildings and appliances, a breakdown of savings achieved by measures by 
group of measures up to 2012 and savings expected up to 2020”. Some other guidelines are also 
indirectly related to energy efficiency in appliances, but no further information is given how energy-
using products shall be covered by the NEEAPs. 

The obvious suspicion is that Member States focus on providing information regarding the individual 
Articles of the EED without focusing on appliances. Furthermore, it is presumed that MS do not place 
appliances on the political agenda and do not focus on this issue in the NEEAPs due two key policy 
measures: the Ecodesign Directive, which sets minimum energy performance standards for a large 
number of product groups and the Energy Labelling Directive. This hypothesis has been examined 
under the EU-funded project “Energy Efficiency Watch III”. All NEEAPs were screened and assessed. 
This resulted in some difficulties due to the fact that, while some documents were very comprehensive 
with in depth-information regarding the individual policies and measures, some other countries do not 
use the NEEAPs as key monitoring and evaluation tool and provide little information, especially 
regarding the design of the policies and their impacts.  

The quality of the NEEAPs is coupled with the limits of research. In this paper, only the existence of 
policies and measures in the NEEAPs are screened, without focusing on the scope of the policy, the 
specific product groups addressed and the impact of single measures. The different circumstances of 
EU Member States could also only be discussed marginally. These research limits should be 
addressed by future research activities. 

The results of the NEEAP screening are presented on the following pages. It was analysed whether 
MS have named policies for energy using products at all, and how far the information about specific 
policies has changed compared to the NEEAP from 2011. It has to be taken into account that, while 
one country might have implemented a larger number of policies, another may have implemented 
fewer, but very effective policies. However, here only the number of policies was taken into account, 
which were reported in the NEEAPs. 

Methodology 

In a first step, the NEEAPs from all 28 EU-Member States were screened. They were published from 
April 2014 (which was legal requirement the EU) to November 2015 (the Hungarian NEEAP was the 
latest document uploaded on the website of the European Commission). All appliance-related policies 
and measures that could be found in these country specific documents were identified and analysed. 

In a second step, an extended document analysis was made, taking into account the Member States’ 
Article 4, 5, and 7 notifications under the Energy Efficiency Directive. The Odyssee-MURE database, 
as an external source, was also a valuable source of information. Due to the fact that this paper aims 
to analyse the relevance of the NEEAPs and other EED documents, other sources of information 
were not taken into consideration. It is important to note that some NEEAPs are not very 
comprehensive and information about certain policy categories is often missing. Not all NEEAPs were 
designed as strategic documents, and some limit the document to information that is absolutely 
necessary [2]. Policy instruments were, however, only accounted for the analysis if explicitly 
mentioned in the NEEAPs or in the Article notifications.  
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Then, the results of this screening were compared with the NEEAPs published in 2011 and the results 
of the “Energy Efficiency II” project. The overarching question was whether and to what extent the 
EED and the implementation of the Ecodesign and the Energy Labelling Directives has enhanced 
policy implementation in the Member States. Depending on the quality of information given in the 
official documents, it has been analysed whether policies have been newly established, significantly 
improved, ongoing without significant changes, significantly weakened, or abandoned. Due to the 
sometimes unclear information provided in the NEEAPS, some policy developments can be subject to 
interpretation regarding the status of the policy or initiative. (e.g. whether it is planned, implemented, 
improved). If the status of policies was not entirely clear, the policies were allocated to the less 
advanced category (conservative approach).  

For the analysis, the following aspects were taken into account: 

 EU-regulations like the Ecodesign-Directive and the EU Labeling Directive have to be 
implemented in all EU countries due to EU law. Therefore these EU-measures are attributed 
to all countries although they were only partly mentioned in the NEEAPs. Nevertheless, an 
exemption is made if a country goes explicitly beyond EU-law, e.g. has implemented a 
comprehensive market surveillance for a specific EU-regulation. 

 Policy instruments, which are related to several sectors (like the energy tax, energy efficiency 
obligation schemes or special funds to support energy efficiency), are not discussed here. 
However, they have a significant influence on the development of energy-efficient products.  

Policies and measures were screened for six different policy types, which all belong to the prototypical 
policy package for appliances. The single elements of the policy package are described in the next 
chapter. It is important to note that the single policies should interact in ways that influence each other 
positively. However, the success and impact of single policies as well as the effects of policy 
interactions cannot be analysed here. 

A policy package to increase energy efficiency of appliances 

Many studies (e.g. [1], [4], [5]) have argued that different policies addressing the demand- and supply 
side actors should be properly combined to be successful. According to these studies, a prototypical 
policy package should consist of consumer-oriented instruments as well as instruments for 
manufacturers to build a push and pull strategy - to push consumers and manufacturers away from 
energy intensive practices and to pull them towards energy-efficient ones. Different types of policies 
need to be combined into packages in order to be effective. For our analysis we use six different 
policy types, which should be implemented in an overall policy package (bigEE 2012). These policy 
types are described briefly here: 

 Minimum energy performance standards (MEPS) are a regulatory instrument to initially phase 
out the least energy-efficient appliances and ultimately make the most energy-efficient 
products the standard. The EU’s Ecodesign Directive is the framework for implementing such 
MEPS directly for the whole internal market of the 28 Member States. Market surveillance is 
key to enforce MEPS, but the implementation of an enforcement system varies from country 
to country. 

 Energy labelling works together perfectly with energy performance standards. MEPS usually 
eliminate the most inefficient products from the market but do not harness additional energy-
saving potentials. Energy labels present the best products on the market and help consumers 
to distinguish efficient products from inefficient ones. The EU energy label is mandatory and 
differentiates the degree of efficiency through a scaling system. An alternative to the 
mandatory energy labelling system are voluntary labelling schemes. For example, the EU has 
an agreement with the USA for using the voluntary Energy Star label for certain types of 
electronic appliances. Other country-specific examples are the Blue Angel from Germany and 
the Nordic Ecolabel from Denmark, Sweden, Finland, Norway and Iceland. 

 Information tools are similar to energy labels. They facilitate the awareness of consumers 
regarding the multiple benefits of energy-efficient appliances and, hence, can increase the 
uptake of these technologies. Examples are appliance databases, website, or information 
campaigns. 
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 Economic incentives address the risk posed by higher upfront costs. Energy-efficient 
appliances are, generally, more expensive, which is a barrier for consumers to purchase 
these appliances. Economic incentives – such as rebates, grants and tax incentives – can 
facilitate a broad market introduction of energy-efficient appliances. The latter are more costly 
than other instruments, so they will be particularly useful if there is a very large spread of 
energy efficiency in the market and, hence, large energy cost savings are possible. In 
addition, financial incentives can often be limited to a certain time period until the market offer 
and demand has switched to the energy-efficient models.  

 Education and training of professionals (manufacturers, sales staff, and other relevant market 
actors) is another important element to complete the policy package. Supply chain actors play 
an important role in promoting the uptake of energy-efficient appliances. For instance, retail 
staff informs final consumers on products, gives recommendations and, thus, ultimately, 
influences the purchasing behaviour. In this respect, education courses and trainings that aim 
to increase the capacity of these and other supply chain actors will help to market energy-
efficient products. Certification for successful participation to the training can make it more 
attractive for both, qualified market actors and their customers.  

 Research and Development (R&D) seek to push new technologies into the market or 
enhance existing products (e.g. through new components or new ways of assemblage) 
towards higher efficiency [6]. 

Appliance-specific policies in the NEEAPs 

The prototypical policy package, presented in the last chapter, was taken as a starting point to sort 
the policy measures of the individual NEEAPs. The following table 1 illustrates a quantitative 
stocktaking of instruments within respective Member States. A checkmark means that at least one 
measure was listed in the NEEAPs. Two checkmarks means that more than one measure from this 
policy type has been mentioned. A dash means that no action has been indicated in this area. 

Table 1: Quantitative screening of policies and measures mentioned in the NEEAPs 

Country MEPS Labelling Information 
Economic 
incentives 

Education 
& Training 

R&D 

Austria √ √√ √√ √ - - 

Belgium √ √√ √ √√ - - 

Bulgaria √ √ - √ - - 

Croatia √ √ √√ √ - - 

Cyprus √ √ √ - √ - 

Czech Republic √ √√ √ - - - 

Denmark √ √ √√ - - - 

Estonia √ √ √ - - - 

Finland √ √ √√ - - - 

France √ √√ √√ √ - √ 

Germany √ √√ √ √ √ - 

Greece √ √ √√ - - - 

Hungary √ √√ √√ √ - - 
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Ireland √ √√ - - - - 

Italy √ √ √√ √√ - - 

Latvia √ √ √ - - - 

Lithuania √ √ √√ - √ - 

Luxembourg √ √ √ - - √ 

Malta √ √ √ - - - 

Netherlands √ √ - - - - 

Poland √ √ √√ √√ √ - 

Portugal √ √ √√ √ - - 

Romania √ √ √ - - - 

Slovakia √ √√ √√ √ - √ 

Slovenia √ √ √ √ - - 

Spain √ √ √√ - √ - 

Sweden √ √ √ - - √ 

United Kingdom √ √ √ - - - 

Total (out of 28) 28 28 25 14 6 3 

 

The table shows that there is quite a significant difference between the types of policy instruments 
implemented in Member States. While policy makers in all Member States make use of standards and 
labels, which is required by the EU, the frequency of other instruments varies.  

Admittedly, the far majority of cases was found to have implemented information tools complementing 
standards and labels, but it is also remarkable that some Member States like Austria, Czech Republic 
and Hungary implemented three policies of this special type. Only a limited number of the countries 
mentioned some kind of economic incentive programme to increase the energy efficiency of 
appliances. Even worse is the situation with the policy types “Education and Training” and “Research 
and Development”. Only six member states implemented a policy to educate and train experts about 
energy efficiency and R&D support for energy-efficient products is particularly rarely mentioned in the 
NEEAPs. This suggests a comparatively low implementation rate of such instruments. 

Based on the screening of relevant policy document, it was found that no single EU country 
implemented a comprehensive policy package (meaning that, at least, one single instrument is 
implemented in each category). The countries that come closest towards realising a sectoral policy 
package facilitating energy-efficient appliances were France, Germany, Poland and Slovakia. France 
and Poland failed to establish education and training for retailers and other supply chain actors; the 
other two did not mention R&D support in their NEEAPs.  

Within the “Energy Efficiency Watch III” project, all other sectors (namely residential – buildings, 
industry, public and transport and the governance framework) were analysed in an identical way. It is 
noteworthy that more than 400 policy measures (which means all kinds of policy programmes and 
energy saving actions, from information campaigns to MEPS and financial incentive) have been 
mentioned for the residential building sector in the 28 NEEAPs. More than 350 measures have been 
monitored in the transport sector, and circa 250 measures have been mentioned in the service sector 
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and the industry sector. Only the appliance sector falls far short with approximately 130 measures. 
While this is, again, a limited quantitative point of view, it suggests quiet well that the appliance sector 
appears to be less considered by policy makers. 

Comparison between 2011 and 2014  

In a second step, the measures identified in the NEEAP of 2014 were compared with the reported 
measures of 2011. Out of the 130 measures implemented in all EU countries to increase the energy 
efficiency of appliances, almost all measures are ongoing. This means that policies have been 
continued without changing certain factors or budget. Only a few measures were newly introduced or 
significantly improved. 15 measures were abolished. The next figure shows the quantitative 
assessment of all appliance-specific measures implemented by MS. 

 

Figure 1: Development of policy and related activities in the sector residential appliances – 
overall assessment of the NEEAPs 

Source: [6] 

Note: Croatia joined the EU in 2012 and did not submit a NEEAP for 2011. Hence, it was not possible 
to take into account Croatia for this analysis 

The following figure goes one step further and differentiates between the single policy types. Within 
the category “MEPS” (which includes, but not limited to the Ecodesign Directive) and “Energy Label” 
(which includes the mandatory EU Energy Label) most of the measures are ongoing. The same is true 
for most of the information campaigns. Most of the changes are related to economic incentives. Six 
measures were introduced in the last years while at the same time six measures have been 
abandoned. 
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Figure 2: Development of policy and related activities in the sector residential appliances, 
sorted by policy type 

Source: [6] 

Note: Croatia joined the EU in 2012 and did not submit a NEEAP for 2011. Hence, it was not possible 
to take into account Croatia for this analysis 

 
Main Findings of the current status and the developments in policy categories 
and instruments 

The NEEAP screening comes to the result that minimum energy performance standards for 
appliances belong to the most stable policy instruments with hardly any dynamic improvement or 
weakening. This is due to the fact that the Ecodesign Directive has been in place for a long time, 
since 2005. In addition, the product—specific regulations are legally binding in the entire European 
Union without additional legal action on the part of the Member States. However, it should be noted 
that some countries like Slovenia have yet to fully implement the Ecodesign Directive. Hence, the 
instrument was considered as “ongoing” in the analysis for Slovenia, but uncertainties remain. 
Moreover, Slovenia recently established an administrative surveillance and conformity assessment for 
products in relation to energy efficiency requirements by means of testing. Market surveillance was 
also addressed in the Irish NEEAP, which says that work was undertaken to design a market 
surveillance system and measures on capacity building and monitoring. In some other NEEAPs, 
information on the current status of implementation of the Ecodesign Directive is very limited or 
missing (e.g. Austria or France). This missing information may be related to the fact that according to 
Article 7(9) EED standards and labels which are “mandatory and applicable in Member States under 
Union law” cannot be counted as an “alternative policy measure” to fulfil the Article 7 target.  

Similarly to the Ecodesign Directive, the EU Energy Labelling Directive has become a stable part of 
the policy package for appliances in all Member States. Some countries provide comprehensive 
information on the implementation of the labelling scheme and some NEEAPs (e.g. Estonia and 
Latvia) lack information on this issue. For the Czech Republic, the NEEAP screening identified two 
positive ongoing measures, which are related to the EU Energy Labelling Directive. The NEEAP 
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explicitly mentions the inspection of energy labelling on appliances in shops and, in addition, checks 
on the information content of the labels by tests of appliances. Germany improved its energy labelling 
policy through the National Top-Runner Initiative, which includes a dialogue with various stakeholders 
on how to facilitate energy-efficient appliances. Other labelling schemes than the EU Energy Label 
were only mentioned in a limited number of national plans. The Energy Star as voluntary labelling 
scheme was only mentioned in a very few NEEAPs (e.g. Austria, Ireland, Belgium and Slovakia). 
Other national voluntary labels were described only in the French NEEAP although other countries 
also make use of energy labels with good results and high energy saving potentials. For the EU 
Energy Label and the other voluntary labelling schemes, hardly any information is provided on market 
surveillance (and monitoring) in the national action plans.  

Information tools belong to the most popular policy instruments in the appliance sector even though 
there is no clear obligation for Member States to implement information campaigns. In Article 12 of the 
EED, it says that “Member States shall take appropriate measures to promote and facilitate an 
efficient use of energy by small energy customers, including domestic customers”. Article 17 also 
addresses information but focuses on another target group. All in all, every country implemented 
some kind of information campaign to promote energy efficiency. Mostly, MS established information 
campaigns for buildings (twice as often as for appliances) but information programmes for appliances 
were implemented in most of the MS. Among the EU Member States, around 30 information 
programmes continued in 2014, four were improved, five were added and only three were 
abandoned. In some countries like Austria, Italy and Lithuania, several policies and measures were 
listed in the NEEAPs focussing on product information. Austria implemented a package of tools and 
measures to inform and educate the general population. Within this klima:aktiv campaign a website 
was created including a competition, information material, calculation tools and a database for very 
efficient appliances. Furthermore, brochures were distributed and a phone application was 
established. In Italy, a web portal has been set up to provide information on the regulatory framework, 
possible financial incentives, technological solutions, good practices and simplified methods for 
achieving energy efficiency improvement targets. Lithuania implemented similar tools and measures, 
for instance, the obligation of the energy suppliers to provide information on energy-efficient 
appliances as well as the legal provision to provide end-users with individual meters. Furthermore, the 
Lithuanian NEEAP describes information materials, consumer advice and the “Electric Magic”, an 
educational initiative with the aim to educate children about electricity, its benefits, threats, rational 
consumption, saving and security. The objective of the initiative is to encourage students to behave 
safely with electricity and electric appliances through games, tests and other attractive means. 

With respect to economic incentives, the figure shows a relatively equal number of policies ongoing, 
newly established and abandoned. In Malta, Portugal, Cyprus and Luxembourg, economic incentive 
schemes were abandoned and not replaced by another financing instrument. For instance, Portugal 
established a taxation scheme disfavouring less efficient light bulbs; but the programme was 
discontinued. In Hungary the green investment scheme with a low-energy bulb programme and a 
household appliance replacement programme ended but another programme named “Otthon 
Melenge (Warm of Home)” was newly established. The programme includes sub-programmes to 
change fridges and freezers and washing machines. Other promising policy examples were included 
in the NEEAPs from Belgium, Germany and Slovenia. In Belgium, green products are promoted 
through extra-legal benefits offered by eco-checks, a kind of check gifts that are exempted from tax 
and social contribution. To help low income households save energy, the German government has 
launched a refrigerator replacement programme. If households exchange a fridge with high electricity 
consumption for a more economical appliance, they can receive a voucher for EUR 150. Again, a 
significant number of Member States do not provide information on economic incentive schemes, 
which may indicate they do not exist in these Member States, and that these Member States rely on 
Ecodesign and the EU Energy Label for energy efficiency in appliances.  

Regarding education and training for retail staff and other supply chain actors, the NEEAPs hardly 
offered any information. Based on the screening of NEEAPs, only five Member States have provided 
ongoing support for these actors and for some of them it is not clear whether appliances were 
explicitly addressed. In depth information is missing in the NEEAPs. Germany can be considered a 
noteworthy example as energy saving checks, which include training of energy advisors consulting 
low-income households, were extended. Moreover, through the above mentioned National Top 
Runner Initiative the German government aims to increase capacities of various supply chain actors 
to better market energy-efficient appliances. In Romania, seminars organised within an EU project 
(SELINA) were completed. 
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Hardly any information is provided in the NEEAPs on Research and Development support for 
energy-efficient appliances. In this respect, Slovakia refers to ongoing support for research and 
development in energy savings within the scope of this science and research programme. The French 
NEEAP of 2014 states that there are several R&D projects (e.g. “Smart Electric Lyon”) about smart 
appliances and home automation, with both public and private support.  

Conclusion  

A first conclusion is to be made with respect to the quality of the NEEAPs and the accuracy and 
reliability of the provided information. The quality of the NEEAPs differs substantially from each other 
in terms of content and detail of presentation [2]. For instance, it was found that some countries 
elaborately presented achievements in terms of policy formation in 2011, but the NEEAP of 2014 
does not provide any information on these previously stated policies. Hence, it remains unclear 
whether these initiatives were continued or abandoned.  

One reason for these discrepancies are other strategic documents and action plans, which are 
published in addition to the NEEAP and which have a higher priority for the government. The analysis 
of this paper is limited to the NEEAPs (and in certain areas the EED notifications and the Odyssee 
MURE database) and does therefore not claim to reflect the reality. However it gives a picture of how 
the MS implement policies for appliances and gives insights of how MS use the NEEAP as a 
monitoring and evaluation tool.  

Within the NEEAP screening, more than 100 policy-related activities were spotted for the residential 
appliance sector. These activities were divided into six policy types: MEPS, Energy Label, 
Information, Economic Incentives, Education & Training and Research & Development. Firstly, the 
number of implemented measures per policy type was measured quantitatively. Because of the 
Ecodesign Directive and the Energy Labelling Directive, MEPS and Energy Label prevail in all MS. 
Further activities that go beyond the EU Directives (like a strong market surveillance) were hardly 
reported. Not even all countries have mentioned the implementation of the two main Directives. 
Voluntary labelling schemes were also only marginally described by a limited number of countries 
although they are available in a wider range of countries. It is therefore not surprising that nearly all 
MEPS and Energy Label measures were assessed as ongoing. 

A bit different is the situation for information tools. Nearly 50 measures have been mentioned in the 
NEEAPs. Some of the information is very comprehensive and some have only listed the name of the 
measure without further details. Ten measures have been newly introduced or have improved 
significantly. Only a negligible number of information tools were terminated. In addition to EU 
regulation, information seems to be the key instrument for addressing appliance efficiency. MS still 
rely on well-informed consumers and users of appliances. Websites, brochures, calculation tools and 
databases are the most common tools. 

With respect to economic incentives only 15 measures were reported in the whole EU (e.g. in Italy, 
Croatia, Slovenia). These include tax incentives, replacement programmes or white certificates. In 16 
NEEAPs, no data were given on economic incentives at all. It can be concluded that they play only a 
subordinate role in Europe. A completely different picture is shown in the residential buildings sector. 
Here, grants and tax incentives are key instruments for increasing energy efficiency with more than 60 
reported measures. Although, the saving potentials are higher in the residential building sector than in 
the residential appliance sector, ignoring this policy area would be a lost opportunity to harness the 
full potential and to contribute to the EU energy and climate targets. 

Even less information is available for the policy types Education & Training and Research & 
Development. Hardly any MS mentioned a measure that belongs to these policy types. Five countries 
provide some vague information on education campaigns for supply chain actors or give some overall 
information about conferences and exhibitions. The level on information is also particularly low for 
R&D support indicating the need for more and transparent information. 

Summarising, it can be affirmed that most Member States rely on the two major EU policies, the 
Ecodesign Directive and the Energy Labelling Directives. The MS do not provide any complementary 
policies that would make the EU Directives more effective, with the exception of consumer 
information. There are few financial incentive programmes for energy-efficient appliances and 
Education & Training and R&D play only a subordinate role. This limited number of policies 
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addressing appliances is a lost opportunity for saving energy. Especially for product groups without 
Ecodesign regulations or without an energy label, high energy savings could be reached with a 
comprehensive policy package.  

Do we need more regulation to address the full potential and to implement a well-functioning policy 
package to increase the energy efficiency of appliances? Should the EED go beyond the current 
requirements or should a new Directive be introduced? What is strongly connected with these 
questions is the area of responsibility of the European Union including the principle of subsidiarity and 
multi-level governance. Energy policy is mainly based on the policy areas environmental policy and 
internal market [7]. Regarding the Ecodesign Directive and the Energy Labelling Directive, the 
principle of subsidiarity seems to be less critical. The Ecodesign Directive is essentially based on 
Article 95 of the Lisbon Treaty, which regulates the harmonisation of laws in the internal market in 
combination with Article 175. In the proposal of the current Ecodesign Directive it is stated that “not 
implementing the Ecodesign Directive would result in high costs for industry and constitute obstacles 
to the free movement of good within the EU”. 

The amendment of the EED (2016/0376(COD)) argues that the subsidiarity principle is fulfilled 
because of the interrelation of energy policy with the policy areas of “security of energy supply, 
climate change, sustainability, internal market and the economic development”. The justification also 
argues that until now, the energy efficiency targets could not be sufficiently achieved by the Member 
States alone and that EU action is needed. In order not to ignore the interest of the MS and the 
diversity of situations in the various regions, flexibility in selecting a policy mix and approach to 
achieving the required savings by 2030 is guaranteed.  

Due to the subsidiarity principle, the EU can only implement regulatory measures in a number of 
areas (e.g. Ecodesign) or define climate targets (e.g. EED Article 3 and 7). MS are required to 
implement appropriate instruments to achieve these targets. It is therefore crucial to closely monitor 
and evaluate the policies implemented by the MS. The NEEAP as monitoring tool is thus of high 
relevance. 

Recommendations for enhancing the template for the NEEAPS 

The Energy Efficiency Directive outlines the minimal level of information that must be provided by the 
MS. However, as determined in the previous analysis and as already stated by Bertoldi [2], “only a 
few NEEAPs submitted allows for a good assessment of the quality of policy measures and the 
related energy savings”. Ricardo AEA [8] comes to a similar conclusion and argues that “only a limited 
amount of […] information has been provided by MS in the NEEAPs” and that most MS need to 
strengthen their monitoring, verification and compliance regimes.  

Consequently, much more effort needs to be put into the plans and a clear guideline with 
comprehensive minimum requirements should be developed. The guideline published by the 
European Commission is already very useful for informing MS on how to provide a status report on 
energy efficiency policies and measures. Nevertheless, some elements need to be improved as 
summarised in the following list: 

- The requirements in Annex XIV of the EED and the official guidelines should specify with clear 
requirements what information needs to be included in the NEEAP. Some measures that are not 
directly linked to EED Articles but support achieving the Article 3 target have not been explicitly 
stressed, even though MS and the EU could benefit from such positive developments. Some MS 
unintentionally neglect to highlight welcome trends in policy fields (and especially in the residential 
appliance sector), even though these can be crucial for achieving energy savings. The vague 
formulation in the NEEAP guidelines would benefit from being more explicit about the sectors and 
the policy types. In particular, appliances should play a greater role in the guidelines. 
Furthermore, the template should define the possible policy types and query what kind of policies 
and measures were implemented in these policy fields (e.g. regulation, information, economic 
incentives). 

- Some information should form the basis to describe and monitor policies and measures: A 
concrete name (in some cases only very general sentences like “campaign to inform end-users” 
were used) should be provided as well as a clear target of the policy, a timeline (start/end date, 
duration), the concrete target group, the implementing authority, the budget and a short 
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description of the measure. Bertoldi & Cahill [2] complement this minimum data with information 
about the extent to which the measure has been implemented and of its effectiveness (number of 
participants, number of actions undertaken). Some MS have already established a structured 
NEEAP that included tables with key information (e.g. Hungary, Ireland, Lithuania, the 
Netherlands and Portugal). This could be a good starting point to agree on one solution and to 
apply this template to all NEEAPs. 

- The NEEAPs should provide coherent information of every policy’s status (planned, legally 
introduced but not implemented yet, implemented, modified, completed, replaced by…). In case 
of a replacement the reason (e.g. low impact) for policy changes should be made transparent, 
which also would allow policy makers to more easily identify lessons learned. Measures which are 
only suggested should not be mentioned or should be described in an additional chapter on 
“planned policies”. Confusion between planned, completed and ongoing measures should be 
avoided. Furthermore, the NEEAP should include and build on former documents (old NEEAPs) 
and refer to previous stated policies. 

- Data on the impact should be provided precisely and comprehensively for every policy and 
measure, or for a policy package, in terms of energy savings. This can be (if applicable) 
expected/achieved impact in terms of achieved energy savings, private investments triggered, 
persons educated etc. The NEEAP should also present all calculation methodologies, “including 
formulae, conversion factors and assumed values” [2]. If possible, the policy descriptions should 
also identify barriers to energy efficiency and how they could be addressed, such as lack of 
access to finance or regulatory barriers ([1], [2]). 

- A good practice database could be an incentive for MS to highlight successful policies and to 
focus on the well-functioning elements of the policy. Moreover, it could inspire other countries to 
implement similar policies (von Pol 2010). The NEEAPs could give examples of good practice 
such as new market instruments or innovative combinations of policies. These examples could be 
collected and uploaded on an official website, comparable with the Odyssee MURE database on 
successful policies. 

To ensure that the MS implements these recommendations in the next NEEAP, a “next generation 
NEEAP” [3] with new guidelines or, more specifically, a standard reporting template should be 
established. It is advisable to make the template binding for MS to create a more coherent overview of 
energy efficiency policies and policy packages among MS. The binding template should be 
complemented by workshops to inform about the template and to build up capacities or staff in MS 
responsible for realising NEEAPs (e.g. funded by the EU). However, it is likely that the binding use of 
the document may not easily be achieved. In addition to the binding template, ambitious and clear 
sanctions for non-compliance should be developed. This concerns not only missing information or 
incomprehensible calculation methods but e.g. also the insufficient translation (e.g. the annex in the 
Finish NEEAP were not translated although this is the main part of the document). 
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Abstract 

This study estimates global emissions pathways of the greenhouse gases (GHGs), analyzes effects of 
promoting electrification and energy efficiency, and evaluates co-benefits among GHGs, air-pollutions 
and short-lived climate pollutants (SLCPs) emissions, while taking mitigation actions to achieve the 

global temperature increase below 2℃ relative to the pre-industrial levels, so called the 2℃ target. 
This study focuses on the following points; 1) analyzing technological mitigation potentials and costs 

of GHGs while achieving the 2℃ target and 2) estimating co-benefits in reducing of SLCPs and air 
pollutants due to the effects of promoting electrification and energy efficiency improvement in the 
residential and commercial sectors. It was found that the level of carbon tax is quite expensive more 
than 400 US$/tCO2 in 2050 for achieving the 2℃ target, however, there are large co-benefits in 
reducing SO2, BC and PM2.5 emissions by taking low-carbon measures. Promoting electrification is 
effective not only for accelerating low-carbon measures but also for improving local air quality; e.g. 8% 
increase of electrification in the residential and commercial sectors in Asia in 2050 will reduce BC and 
PM2.5 emissions around 28-29%. Thus, the combinations of electrification promotion, energy efficiency 
improvement, and fuel shift from high-carbon fossil fuels to less-carbon intensive fuels or renewable 
energies are important from the viewpoints of climate mitigation and local air quality improvement. 

Introduction 

The stringent greenhouse gas (GHG) stabilization scenarios to achieve a 2℃ global temperature limit 

above pre-industrial levels (i.e. so called the 2℃ target) were mentioned at the first time by the 
Intergovernmental Panel on Climate Change (IPCC), the Fourth Assessment Report (AR4) in 2007 

[1]. Since IPCC AR4, various papers have discussed how to achieve the 2℃ target and focused on 
analyzing the role of negative CO2 emissions. Based on these scientific findings, in the international 
negotiation process under the United Nation Framework Convention on Climate Change (UNFCCC), 
policy-makers at the 15th Conference of the Parties (COP15) to the UNFCCC in 2009 touched upon 
the 2℃ temperature limit in the Copenhagen Accord [3]. In response to these multifaced policy needs, 
the IPCC Fifth Assessment Report (AR5) in 2014 summarized the cutting-edge scientific findings to 

achieve the 2℃ target pathways or even more stringent target like the 1.5℃ target [2]. After the IPCC 
AR5 was published, prior to the 21st Conference of the Parties (COP21) to the UNFCCC held in Paris 
in 2015 [4], 120 countries/regions in the world, as of October 2

nd
 2015, submitted their national GHG 

emissions reduction targets to the UNFCCC, which are called Intended Nationally Determined 
Contributions (INDCs) [5]. However, it was once again pointed out that the INDCs’ GHG emissions 

would not be enough to reach the 2℃ target pathways [6-19]. Under the influence of this accumulation 
of knowledge, policy-makers finally have agreed that nations will take efforts on climate mitigation 
actions for achieving the mid- to long-term global GHG emissions pathways consistent with a global 

temperature change limit below 2℃ compared to the pre-industrial level in the COP21 to the UNFCCC 
in 2015 [5].  

The timing of early peaking-out of global emissions is important for achieving the 2℃ target, because 
emissions profiles by around 2030 will have an impact on the emissions pathways in the latter half of 
the 21

st
 century. Thus, it is necessary to fill the gap between the global cumulative GHG emissions 

reductions pledged by INDCs and the 2℃ target pathways in the short- to mid- term, and promotion of 
energy efficient technologies on both the demand side and the supply side plays a key role for most 
regions [1][20]. In addition, the combinations of energy efficiency improvements and low-carbon 
electricity generated by less-carbon intensive or non-fossil fuel energies are necessary options all 
over the world, even in developing countries. One caveat is that, from the viewpoint of CO2 reduction, 
biomass burning is considered as carbon neutral, thus the use of biofuel in both the demand and 

supply sectors can be selected as mitigation options for achieving the 2℃ target. However, biomass 
burning is one of major sources of emitting air pollutants and SLCPs such as particulate matter (PM) 
and black carbon (BC). At large point emission sources such as industrial and power plants, it can be 
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possible to reduce emissions of air pollutants and SLCPs by introducing end-of-pipe technologies. If 
additional air pollution controls are not implemented when burning biomass in the industrial and power 
plants, these CO2 reduction measures will increase air pollutant emissions and SLPCs, which is 
considered as tradeoffs of implementing reduction measures for achieving the 2℃ target. In addition, 
in the residential and commercial sectors, biomass is still the major energy source in developing 
countries. Therefore, promoting electrification shifting from biofuel uses and promoting energy efficient 

electric technologies in the building sector are important low-carbon measures for achieving the 2℃ 
target and can produce co-benefits in largely reducing emissions of air pollutants and SLCPs for 
improvement of local air quality, especially in rapidly developing countries in Asia [21]. However, 
these findings were not well placed on the discussion agenda in the international negotiation process 
under the UNFCCC. Policy makers have not sufficiently discussed co-benefits and tradeoffs among 
GHG mitigations, SLCP emissions, air pollution reductions as they have been paying attention mainly 
to the basket of GHGs (CO2, CH4, N2O, HFCs, PFCs, SF6 and NF3) in the Kyoto Protocol. In rapidly 
developing countries in Asia, high concentration of air pollution has been one of serious and major 
environmental risks to health on the local scale, and exposure to outdoor air pollutants is beyond the 
control of individual efforts without taking mitigation actions both at the regional, national and 
international levels. It is also necessary for policy makers to consider local air qualities, and air 

pollutants reductions should be drawn attention as a political agenda when discussing the 2℃ target. 

Thus, this study estimated global emission pathways of GHGs, analyzed effects of promoting 
electrification and energy efficiency, and evaluated co-benefits among GHGs, air-pollutions and short-
lived climate pollutants (SLCPs) emissions, while taking mitigation actions to achieve the global 

temperature increase below 2℃ relative to the pre-industrial levels. This study focuses on the 
following points; 1) analyzing technological mitigation potentials and costs of GHGs while achieving 
the 2℃ target, 2) evaluating adverse effects of continuing using coal and biomass from the viewpoints 
of SLCP and air pollutants emissions, and 3) estimating co-benefits in reducing of SLCPs and air 
pollutants due to the effects of promoting electrification and energy efficiency improvement in the 
building sector. 

Methodology 

Overview of model description 

This analysis used a bottom-up assessment approach which consists of three parts; 1) future socio-
economic settings, 2) future service demands estimations in each demand sector, and 3) bottom-up 
technological mitigation analyses. Firstly, to set qualitative and quantitative scenarios on future socio-
economic indicators such as GDP, total population, and urban population, this study used the Shared 
Socioeconomic Pathways (SSP) which were developed by the international scientific community in 
the aim of assessing socio-economic challenges for climate mitigation and adaptation. Secondly, 
based on future socio-economic variables of population and GDP developed in SSPs, future service 
demands such as steel production, cement production, transport volumes, were estimated by using 
service demand models which were developed by the previous studies [22] [23]. Lastly, to evaluate 
combinations of mitigation technology options at the regional and global levels under constraints that 
they satisfy estimated future service demands in each sector, this study analyzed technological 
mitigation potentials of GHGs, SLCPs and air pollutants by using the AIM/Enduse[Global] model 
which is a bottom-up optimization model with detailed technology selection framework. Combinations 
of technologies are selected in a linear optimization to minimize the total system costs which include 
initial costs, operating costs of technologies, energy costs, taxes and subsidies, and other costs. The 
AIM/Enduse model is a recursive dynamic model which can simultaneously perform calculation for 
multiple years and can analyze various policy countermeasure scenarios, under several constraints 
such as satisfaction of service demands, availability of energy and material supplies, maximum and 
minimum mitigation option diffusion ratio, and other system constraints. The AIM/Enduse[Global] 
model estimates the final energy consumption based on selected energy technologies in the final 
demand sectors, and the total final energy demands is linked with the energy supply sector to 
estimate primary energy consumption. Finally, the model estimated GHGs, SLCPs and air pollutants 
based on calculated energy consumptions and non-energy demands. Detailed formulations of the 
AIM/Enduse model and service demand models are described in previous papers [22][23][24]. 
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Overview of target regions, sectors and gas 

The AIM/Enduse[Global] model is a global model which divided the world into 32 geographical 
regions, as shown in Table 1. This study can aggregate 32 regions into political and topographical 
groups such as Annex I and Non-Annex I parties in the Kyoto Protocol, the European Union (EU), and 
Association of Southeast Asian Nations (ASEAN). With regard to the target gases and sectors, this 
study covers long-lived GHGs (i.e. CO2, N2O, PFCs, SF6) regulated under the Kyoto Protocol, short-
lived climate pollutants (SLCPs) (i.e. CH4, HFCs, BC), air pollutants (i.e. SO2, NOx, PM2.5, PM10, OC, 
CO, NMVOC, NH3), and ozone depleting substances (ODSs) which are also long-lived GHGs (i.e. 
CFCs, HCFCs, HFCs). This study covers major multiple sectors both in energy supply sectors, energy 
demand sectors as well as non-energy sectors such as power supply, industry, residential & 
commercial, transport, agriculture, waste, industrial process, and fuel mining as listed in Table 2. 
There are some sectors that are not easy to consider independently due to the lack of data availability 
in the world regions. These sectors were aggregated into “other sectors” in this study; for example, 
other industries, other residential and commercial, etc. In addition, there are some sectors which 
international statistics already aggregated into one group of data and it is difficult to estimate the 
future variables due to the lack of detailed data and its uncertainty in the world regions.  This study 
treated these sectors as “non-specified other sectors”, and calibrated GHG emissions at the same 
level of emissions in the base year reported by several emissions inventories [25-28]. 

 

Table 1. Overview of 32 global regions 

Code Country    Code Country  

JPN Japan Annex I   CAN Canada Annex I 

CHN China Non-Annex I   USA USA Annex I 

IND India Non-Annex I   XE15 EU-15 in Western Europe Annex I 

IDN Indonesia Non-Annex I ASEAN  XE10 EU-10 in Eastern Europe Annex I 

KOR Korea Non-Annex I   XE2 EU-2 in Eastern Europe Annex I 

THA Thailand Non-Annex I ASEAN  TUR Turkey Annex I 

MYS Malaysia Non-Annex I ASEAN  XEWI Other Western Europe in Annex I Annex I 

VNM Viet Nam Non-Annex I ASEAN  XEEI Other Eastern Europe in Annex I Annex I 

XSE Other South-east Asia Non-Annex I ASEAN  XENI Other Europe Non-Annex I 

XSA Other South Asia Non-Annex I   RUS Russia Annex I 

XEA Other East Asia Non-Annex I   MEX Mexico Non-Annex I 

XCS Central Asia Non-Annex I   ARG Argentine Non-Annex I 

XME Middle East Non-Annex I   BRA Brazil Non-Annex I 

AUS Australia Annex I   XLM Other Latin America Non-Annex I 

NZL New Zealand Annex I   ZAF South Africa Non-Annex I 

XOC Other Oceania Non-Annex    XAF Other Africa Non-Annex I 
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Table 2. Overview of target sectors 

Sector Details 

Energy supply Coal power plant, Oil power plant, Gas power plant, Renewable (Wind, 
Biomass, PV), Nuclear, Hydro, geothermal, Heat 

Industry Iron and steel，Cement, Other industries (Boiler, motor etc) 

Transport Passenger vehicle, Truck，Bus，Ship, Aircraft，Passenger train，Freight train 
(except for pipeline transport and international transport) 

Residential & 
Commercial 

Cooling, Heating, Hot-water, Cooking, Lighting, Refrigerator, TV, Other 
equipment 

Agriculture Livestock rumination, Manure management, Paddy field, Cropland 

MSW Municipal solid waste, waste water management,  

Fugitive Fugitive emission from fuel production 

Fluorocarbons By-product of HCFC-22, Refrigerant, Aerosol, Foams, Solvent, Etching, 
Aluminum production, Insulation gas, others 

Non-specified others Sub-sectors and gases which are not listed above. 

 

Assumption of socio-economic drivers and service demands 

GDP and population growth rate are important principal socio-economic drivers for estimating future 
service demand, and GHG emission estimates vary widely depending on the settings of the socio-
economic assumptions. Firstly, this study used world population prospects by United Nation [29][30] 
and world development indicator by World Bank [31] as principal socio-economic drivers in order to 
develop the service demand models and determine various parameters in these models. Secondly, as 
for future analyses based on these developed service demand models, this study used future 
population and GDP trajectories based on Shared Socioeconomic Pathways (SSPs) - a set of 
qualitative and quantitative narratives that described future socioeconomic conditions to identify 
socioeconomic indicators such as population, GDP and urban population share across the world 
regions. Socioeconomic pathways for climate change mitigation and adaptation were translated into 5 
narrative scenarios based on various challenges in SSPs [32]. Each SSP narrative described a 
different socioeconomic scenario of the future, for example, SSP1 (Sustainability), SSP2 
(Continuation) and SSP3 (Fragmentation). 
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Figure 1. Future socio-economic driver and service demand estimations in the world: example 
of population, GDP, steel production, cement production, passenger transport volume  

This study used SSP2 as a reference scenario, which is considered as “business-as-usual” world that 
current trends in recent decades would be continued. Future service demand projections, such as 
steel production, cement production, transportation volume, were estimated using sector-specific 
service demand models, described in previous papers [22][23]. Figure 1 shows examples of future 
service demand estimations by using these sector-specific service demand models based on SSPs 
datasets, and this study used the estimated results based on SSP2. 

 

Overview of technology database and energy database 

The AIM/Enduse[Global] model consists of several databases such as an energy database, a 
technology option database and an energy resource database. 

In the energy database, information of emission factors and energy prices are required to be set 
exogenously in the model. Setting of energy prices is one of the important factors for influencing 
mitigation costs and, as a result, affecting results of technology selection. This study sets current 
energy prices in the world’s regions based on IEA Energy Prices and Taxes [33][34] and future 
international energy prices based on the middle of the range of IEA World Energy Outlook [35-39] and 
IEA Energy Technology Perspective [40-44]. Detailed domestic energy prices were set by fuel type, 
sector, and country in the database and their future energy prices were set under the assumption that 
domestic energy prices would rise in accordance with international energy prices increase. Setting of 
emission factors of various gases is also an important element for estimating emissions, especially air 
pollutants. Thus, this study considered emission coefficients of primary emissions derived from energy 
combustion, and emission factors of GHGs, SLCPs and air pollutants by energy source, by sector and 
by country. These were set based on various international emission factor guidelines and peer-
reviewed papers [45-69]. Then the base-year emissions were calibrated by comparing with well-
known international emissions inventories EDGER [25], REAS [26] and HTAP [27].  

With regard to the technology option database, this study considered various available mitigation 
measures for promoting the introduction of energy efficient technologies on both the demand side and 
the supply side, as well as reducing air pollutants by removal devices. The technology option 
database was built based on realistic and currently existing technologies in the target sectors listed in 
Table 2, and the database contained approximately 400-500 mitigation technologies. the AIM/Enduse 
model with the technology database simulated the diffusion of mitigation technologies in the future 
under the criteria of total cost minimization while under several constraints, such as the satisfaction of 
service demand, energy resource restrictions, and analyzed technological mitigation potentials and 
costs of GHGs, SLCPs and air pollutants. However, this study has some caveats. One caveat is that 
this study took into account all power generating sources for estimating energy consumption and CO2 
emissions, but did not consider technology mitigation options in nuclear, hydro, and geothermal power 
generations as decision variables, because deployments of these power sources are usually 
considered to be controlled not only by economic aspects but also by national policy plans designed 
to ensure public acceptance. Another caveat is that this technology database did not consider future 
innovative technologies due to the lack of information yet, such as artificial photosynthesis, bio-fuel 
from algae, automated driving systems and thin-film photovoltaic cell options. This study also could 
not consider some existing technologies due to the lack of data availability of mitigation efficiency and 
technology cost; for example CO2 mitigation options in petrochemical, N2O mitigation options in waste 
water and CO2 mitigation options in agriculture. Local-scale technology systems such as Building Energy 
Management System (BEMS) and Home Energy Management System (HEMS) were also not 
considered due to the limitations of global scale modeling. Thus, even though an advantage of this study 
is that the technological feasibility of reducing GHG emissions is explicitly identified through looking at 
distinct technological options, this study may underestimate the future reduction potentials due to lack 
of technological information. 
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Scenario settings  

Global GHG emissions pathways for achieving the 2℃ target were discussed in various previous 
papers [6-20]. The main purpose of this study is to analyze the effects of promoting electrification and 
promoting energy efficient technologies. Thus this study focused the following instruments as 

scenarios; 1) imposing a carbon tax to achieve the 2℃ target level in order to analyze effects of 
promoting energy efficient technologies, and 2) promoting electrification in the building sector. 

In the bottom-up type analysis, marginal abatement costs vary widely according to the variety of 
settings such as mitigation option shares, mitigation option costs, future energy prices [71]. In the mid- 
to long-term future up to 2050, International Energy Agency (IEA) published annual or biennial reports 
and updated the 450 ppm-CO2 scenarios which are broadly consistent with halving CO2 emission by 

2050 and achieving the 2℃ target. However, marginal CO2 emission abatement costs (i.e. carbon 
taxes) were presented at different values in the reports published in different years; for example, 200-
500 US$/tCO2 in 2050 by IEA/ETP 2008 [40], 175-293 US$/tCO2 in 2050 by IEA/ETP 2010 [41], 130-
160 US$/tCO2 in 2050 by IEA/ETP 2012 [42], and 140-170 US$/tCO2 in 2050 by IEA/ETP 2014 [43] 
and IEA/ETP 2015 [44]. The main reason of these differences is because of updated data sets such 
as mitigation option costs and future energy prices even where they use the same methodology. For 
another example, Hanaoka et al reported much higher marginal abatement costs at around 400 

US$/tCO2 in 2050 for achieving the 2℃ target [20]. As reported in the previous study [71], the reasons 
for difference in cost would be not only the variety of data settings such as mitigation option shares, 
mitigation option costs, future energy prices, but also the difference of methodology and scenario 
assumptions such as payback period settings, share of renewables and nuclear power.  

In the short-term future up to 2020, marginal CO2 emission abatement costs for considering energy 
policies in the Copenhagen Accord were reported as 10-30 US$/tCO2 in 2020 by IEA/ETP 2014 [43] 
and IEA/ETP 2015 [44]. The previous market prices of carbon credits before the economic crisis in EU 
varied around 15-30 EURO/tCO2 and 10-20 EURO/tCO2 due to global economic changes, in the EUA 
(European Unit of Accounting) under the EU-ETS (European Union Emissions Trading Scheme) and 
the CER (Certified Emission Reduction) under CDM projects respectively. It can be seen that carbon 
prices under the Copenhagen Accord will be a similar level as the previous carbon prices in EU 
market prices. However, the IPCC AR5 reported that the Cancun pledges correspond to staying 
below 3℃ [2] and also UNFCCC reported that the global emissions level under INDCs are insufficient 

and not in line with pathways to stay below 2℃ target [5]. Thus, much higher carbon prices are 

required in the short-term perspective in order to achieve the  2℃ target pathways.  

Thus, by considering the current trends and the findings in previous studies, this study sets the 
carbon tax at 0 US$/tCO2 in 2015, and 100 US$/tCO2 in 2020 in order to fill the gap between INDCs 

and the 2℃ emissions pathways, and linearly rising up to a high price at 400 US$/tCO2 in 2050 for 

achieving the 2℃ target. The carbon price at 400 US$/tCO2 in 2050 is four times larger than the value 
of penalty charges at 100 EURO/tCO2 in the EU-ETS market, but within the range of previous studies 
[20][40-44]. This study also analyzed the carbon tax at 400 US$/tCO2 in 2050, which is the similar 
level as the IEA reports [40][41]. The higher the carbon tax is imposed, the more cost-competitive 
energy efficient technologies become. It means that a higher carbon tax will promote greater energy 
efficiency improvement.  

As for the settings on promoting electrification in the reference scenario, this study followed qualitative 
storylines described in SSP2 scenario which is the “middle of the road” reference scenario that 
electrification trend will be in line with the current policies. In the low-carbon policy scenarios of the 
carbon tax level at 200 US$/tCO2 in 2050 (i.e. T200 scenario) and 400 US$/tCO2 in 2050 (i.e. T400 
scenario), this study first set the level of constraints on electrification promotion to be the same as the 
reference scenario. Thus we can analyze the effects of energy efficiency improvements and energy 
shifts, by comparing between the reference scenario and carbon policy scenarios. In addition, this 
study set more actively promoting electrification in the T400 scenario, thus we can analyze its impact 
on emission profiles whether there are any co-benefits in reducing air pollutants and SLCPs. 



 

189 
 

Table 3. Overviews of promoting electrification and carbon taxes scenarios 

Scenario 201
0 

201
5 

202
0 

203
0 

204
0 

205
0 

Constraints on electrification promotion 

Ref 0 0 0 0 0 0 Complying with SSP2 scenario 

T200_EleR
ef 

0 0 50 100 150 200 Complying with SSP2 scenario 

T400_EleR
ef 

0 0 100 200 300 400 Complying with SSP2 scenario 

T400_EleHi 0 0 100 200 300 400 Allowing electrification promotion in the residential 
and commercial sectors, more than the reference 
level. 
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Results and discussions 

The historical trends of energy mix and electrification ratio in the residential and commercial sectors 
are still low in the developing countries. If the future trend is in line with this business-as-usual energy 
ladder, CO2 emissions will largely increase. To achieve the 2℃ target in Asia, it is important not only to 
promote energy policies of fuel shifting from high-carbon fossil fuels to renewable energies, but also 
to accelerate electrification and energy efficiency improvements in the demand sectors. 

Figure 3 shows the Kyoto basket of 6 GHGs (CO2, CH4, N2O, HFCs, PFCs and SF6) estimated in this 
study, comparing with a set of well-known GHG emissions pathways with a "likely" (greater than 66%) 
chance of staying below 2℃, 3℃, 3.5℃, 4℃ compared to pre-industrial levels reported by UNEP [70]. 

Median values in each emission ranges of 2℃, 3℃, 3.5℃, 4℃ and also low-high emission ranges of 

2℃ reported by the UNEP were described in Figure 3. It was found that the reference scenario is 

close to the 3.5℃ increase, and the T400 scenario is close to the 2℃ increase compared to pre-
industrial levels. Thus, for achieving the 2℃ target, marginal abatement cost is quite high, more than 
400 US$/tCO2 in 2050.  

 

 

Figure 3. Global GHG emissions pathways  

 

However, it is important to analyze co-benefits in reducing air pollutants and SLCPs by the effects of 
taking low-carbon measures. As representatives of GHGs, air pollutants and SLCPs, Figure 4 shows 
global emissions pathways of CO2, SO2, PM2.5, BC estimated in this study. Figure 4 also shows 
historical emissions inventory reported by EDGER4.2 [25], HTAP [27], and future emissions 
projections reported by RCP8.5 and RCP2.6 [72], to compare this study with previous studies. The 
reference CO2 emission will largely increase which is far from the objective of a low-carbon society, 
but under the high carbon tax scenario linearly rising up to 400 US$/tCO2 in 2050, CO2 emissions will 
be reduced around 45% by 2050 compared to the 2010 level. SO2, PM2.5, BC emissions can be also 
largely reduced due to low-carbon measures, thus it is important to pay attention to impacts of these 
effective co-benefits for achieving a low-carbon society.  

Interesting point to note is that, by comparing results between T400_EleRef scenario and T400_EleHi 
scenario, electrification promotion in the residential and commercial sector will have a large effect of 
reducing PM2.5 and BC emissions in all regions, even though its impact is small in reducing CO2 and 
SO2 emissions. Thus, it is also important to pay attention to promoting electrification ratio in the 
residential and commercial sectors, especially in the developing countries. 
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Figure 4. Global Emissions pathways of CO2, SO2, BC and PM2.5 

 

Effects of promoting electrification in the residential and commercial sectors 

Figure 5 and Figure 6 show energy consumption and results of BC and PM2.5 emissions in the residential 

and commercial sectors in Asia, respectively, when achieving the 2℃ target. In Figure 5 and Figure 6, 
the left figures show the results in T400_EleRef scenario and the right figures show the results in 
T400_EleHi scenario which allow more electrification promotion in the residential and commercial 
sectors. One caveat in Figure 6 is that these results show “direct” emissions from fuel consumptions 
and do not count “indirect” emissions from electricity consumptions. Indirect emissions from electricity 
consumptions are counted in the energy supply sector, and that is one of reasons why emissions from 
lighting are very small. 

In Figure 5, it was found that, in order to satisfy the increase of future energy service demands in the 
residential and commercial sectors in Asia, electricity is used as a low-carbon measure. The more we 
allow electrification, the more biomass and coal uses will be replaced by electricity. In Figure 6, effects 
of electrification promotion are obvious in BC and PM2.5 emissions, especially in cooking and heating 
sectors. In the T400_EleHi scenario, when electrification ratio in the residential and commercial 
sectors is increased at 8 % in Asia in 2050 than the scenario without electrification promotion 
(i.e.T400_EleRef scenario), then reduction ratios of BC and PM2.5 emissions in 2050 are around 28-
29 %, compared to the T400_EleRef scenario. Thus, electrification in the residential and commercial 

sectors in Asia is important not only for achieving the 2℃ target, but also for reducing BC and PM2.5 
emissions in the context of exposure to indoor air pollutants and health impacts.  
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Figure 5. Energy consumption in the residential and commercial sectors in Asia: 1) 
T400_EleRef scenario (left figure) and 2) T400_EleHi scenario (right figure) 

 

 

Figure 6. BC and PM2.5 emissions in the residential and commercial sectors in Asia: 1) 
T400_EleRef scenario (left figures) and 2) T400_EleHi scenario (right figures) 

 

In order to analyze effects of electrification promotion on emission pathways more clearly, Figure 7 
summarizes relations among electrification and major sub-sectoral (i.e. cooking, heating, hot water) 
BC emissions in Asia. Left figure in Figure7 shows the relations in absolute values in the unit of 
percentage as for electricity share and the unit of Mega ton as for BC emissions. Right figure in Figure 
7 shows the relations in relative values compared to the 2010 level, in order to understand increasing 
or decreasing ratio and its variation. In left figure, electrification promotion will reduce BC emissions 
from cooking largely more than heating and hot water. However, by considering emission reduction 
levels in relative values shown right figure, impacts of electrification promotion are almost similar 
across all sub-sectors, around 20% decreases in 2050 compared to the T400_EleRef scenario. Thus, 
electrification promotion in the residential and commercial sectors is equally effective for major sub-
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sectors where fossil fuels and biomass have been traditionally consumed. The features of relations 
among electrification and major sub-sectoral PM2.5 emissions are also similar to Figure 7. 

 

Figure7 Relations among electrification promotion and sub-sectoral BC emissions in Asia: 1) 
absolute values (left figure) and 2) relative values compared to the 2010 level (right figure) 

 

Conclusion 

This study estimated global emissions pathways of GHGs, analyzed effects of promoting 
electrification and energy efficiency, and evaluated co-benefits among GHGs, air-pollutions and 

SLCPs emissions, while taking mitigation actions to achieve the 2℃ target, by using the 
AIM/Enduse[Global] model, which is a bottom-up optimization model with a mitigation options 
database of realistic and currently existing technologies. This study used the reference scenario 
based on SSP 2, and analyzed the effects of policy scenarios; promoting energy efficient technologies 
by imposing a high carbon tax and promoting electrification in the residential and commercial sectors. 
The following results were found in this study; 1) the level of carbon tax required is quite high, more 

than 400 US$/tCO2 in 2050, in order to achieve the  2℃ target, 2) there are large co-benefits in 
reducing SO2, BC and PM2.5 emissions by taking low-carbon measures, 3) promoting electrification in 
the residential and commercial sectors is effective not only for accelerating low-carbon measures but 
also for improving local air quality, e.g. 8% increase of electrification in Asia in 2050 will reduce BC 
and PM2.5 emissions around 28-29%. Thus, the combination of electrification promotion, energy 
efficiency improvement, and fuel shift from high-carbon fossil fuels to less-carbon intensive fuels or 
renewable energies are important from the viewpoints of climate mitigation and local air quality 
improvement. However, especially in developing countries, consideration of the future energy ladder 
shifting from coal or biomass to electricity and how to set potentials of future electrification needs to 

be carefully discussed. In addition, a high carbon price for achieving the 2℃ target may become a 
barrier to arrive at an international agreement in the international negotiation process under the 
UNFCCC. In order to overcome such various barriers for achieving the 2℃ target, it is important for 
policy makers to emphasize effective co-benefits in reducing air-pollution and SLCPs while adopting 
low-carbon policies. 
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Abstract 

The thermal energy sector is a major consumer of energy for space heating and domestic hot water in 
Rhode Island. Relying primarily on fossil fuels, the thermal sector accounts for approximately one third 
of Rhode Island’s total energy consumption and carbon emissions. By diversifying the thermal energy 
sector to increase use of low-carbon renewable heating and cooling technologies (e.g., air source 
heat pumps, ground source heat pumps, wood pellet heating, solar thermal), Rhode Island can make 
significant strides toward achieving GHG emission reduction goals and reap substantial economic 
benefits in the process. 

Thus far, virtually all clean energy policies and programs in the state have focused on electric sector 
technologies and natural gas efficiency. Consequently, Rhode Island’s renewable thermal industry 
has historically been relatively small and slow-growing.  

To address barriers facing the renewable thermal industry and promote renewable thermal 
technologies, Rhode Island Office of Energy Resources (OER) tasked the authors with analyzing 
policies and programs designed to grow the industry and conducting a detailed market model of 
alternative thermal sector energy futures. In one of the alternative scenarios, Rhode Island achieves 5 
percent renewable thermal energy penetration by 2035. This paper presents the results and 
methodologies for analyzing this scenario, including the cost-effectiveness, energy rate and bill 
impacts, local job impacts, and emission impacts of the alternative future. This study broke new 
ground by applying standard analysis methodologies and approaches used for energy efficiency 
measures (e.g., cost-effectiveness tests, rate and bill impacts, job impacts) to renewable thermal 
technologies.  

Background 

Renewable thermal (RT) represents a key opportunity to achieve climate and energy objectives in 
Rhode Island. Approximately one third of Rhode Island’s total energy use (63 trillion Btu of energy) is 
used each year in the thermal sector. This includes residential, commercial, and industrial applications 
for space heating, space cooling, domestic hot water, and process heat. Currently, almost all of 
Rhode Island’s thermal energy load is served by fossil fuels such as heating oil, propane, or natural 
gas. 

Rhode Island’s fossil-based thermal energy industry is a major contributor to greenhouse gas (GHG) 
emissions in the state. It accounts for approximately 35 percent of the state’s GHG emissions. In 
addition, because Rhode Island has no in-state natural gas or petroleum resources, a large portion of 
the approximately $1.1 billion in annual expenditure on heating fuels flows directly out of the state.  

RT technologies—such as cold climate air-source heat pumps (ASHP), ground-source heat pumps 
(GSHP), solar thermal, biodiesel, and high-efficiency biomass—offer an emerging opportunity for 
consumers to access new, affordable, and clean alternative heating options. In 2016, Rhode Island’s 
Office of Energy Resource (OER) engaged consultants, Meister Consultants Group (MCG) and 
Synapse Energy Economics (Synapse), and a stakeholder task force to evaluate strategies to grow 
the state’s RT markets. The resulting report examined the benefits and impacts to scaling RT 
adoption, identified key market barriers to deployment, and proposed a series of policy 
recommendations to promote RT technologies in Rhode Island.[1] This paper describes the findings 
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of the study regarding the benefits and impacts of the scaling of renewable thermal adoption that 
would result from state and stakeholder initiatives.  

Analysis Overview  

At the request of Rhode Island OER, MCG and Synapse analyzed the energy, environmental, and 
economic impacts of policies and programs designed to grow the RT industry within the state under 
alternative thermal sector energy futures. These scenarios entailed large-scale investments in RT 
technologies. In the scenario described here, Rhode Island seeks to achieve 5 percent RT energy 
penetration by 2035 by providing technical support and financial incentives to RT technologies. More 
specifically, this RT policy scenario aims to increase installations of ASHP, GSHP, wood boilers, and 
solar hot water (SHW) systems for residential single-family, multi-family, and commercial customers. 

Utility energy efficiency programs have evolved to provide robust support and rebates for electric and 
gas customers.

78
 However, these programs rarely include RT technologies (with the exception of 

ASHPs, which are often installed for their cooling benefits). As such, while there are robust industry 
standards in place for the evaluation of utility efficiency programs that target reductions in electricity 
and natural gas consumption, these evaluations rarely consider the impacts of RT measures, 
particularly those installed in existing oil-heated homes. This analysis offers an application of the 
standard methodologies for evaluating overlooked heating efficiency measures with the necessary 
modifications to address RT measures. 

Based on discussions with OER staff, we analyzed a scenario wherein renewable thermal 
technologies displace 5 percent of statewide heating load in the residential and commercial sectors by 
2035. Due to the economics of different technologies and the size of current markets, we assumed 
that ASHP would be the prevailing RT technology deployed in this scenario.  

We investigated the following types of impacts: (a) economic impacts; (b) rate and bill impacts; (c) 
employment impacts; and (d) emissions impacts. The relationships of these impacts are presented in 
Figure 1. The results of the study provide key information to state policymakers and industry 
stakeholders as they consider a strong policy investment in RT in Rhode Island.  
 

 

Figure 38. Relationships of Different Impacts 
 

Key Assumptions  

Renewable Thermal Installation Assumptions 

We sourced typical single-family RT technology costs from the regional rebate databases of programs 
implemented in Massachusetts and Connecticut. We made some adjustments due to stakeholder 
group input. To analyze economic impacts, we used the full cost of SHW and ASHP systems and 
assumed residents and businesses would keep their existing heating equipment as a backup or a 
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 See ACEEE website “Energy Efficiency Programs” available at http://aceee.org/portal/programs  

http://aceee.org/portal/programs
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supplemental heating source.
79

 We used the incremental cost beyond the cost of a standard system 
for pellet boilers and GSHP, assuming a replace-on-burnout scenario in which customers would install 
these systems instead of new standard heating systems (e.g., gas or oil furnaces).

80
 We also 

assumed that ASHP projects would serve 70 percent of a household’s heating load and require a 
three-ton system.

81
 Finally, we assumed that pellet boilers would include thermal storage and that 

solar hot water systems would have two collectors and serve 70 percent of a household’s hot water 
load. 

For multi-family cost estimates, we scaled single-family cost estimates based on the economies of 
scale seen in regional rebate databases and on used cost factors noted in stakeholder interviews. We 
sourced commercial space heating equipment costs from the midpoint of the ranges displayed in the 
2012 Massachusetts DOER Heating and Cooling in the Massachusetts Alternative Portfolio Standard 
report (2012 MA DOER H&C report)[2], and we assumed commercial SHW costs to be equivalent to 
multi-family costs given the similar hot water load. A summary of the average installation costs for 
single-family, multi-family, and commercial buildings is presented in Table 1.

 82
 

All of the analyses used these static costs, with the exception of one sensitivity analysis conducted as 
part of the cost-effectiveness assessment in which we assumed a 20 percent cost reduction.  

Table 20. Assumed Average RE Thermal Costs (per Building) 

Technology Single-family Multi-family Commercial 

ASHP $11,780 $29,450 $71,900 

GSHP $35,000 $87,500 $213,800 

Pellet Boiler $22,561 $56,400 $120,000 

SHW $9,482 $23,710 $23,710 

 

We based program incentive levels for the large-scale RT investment scenario on those currently in 
place in the rebate programs offered in Massachusetts by the Massachusetts Clean Energy Center 
(MassCEC).[3] Current MassCEC rebate levels are: 

 ASHPs: $625 per single-head system  

 GSHPs: $1,500 per ton of system capacity 

 Biomass Boilers: 45 percent of project cost up to $10,000. 

 SHW: Calculated value multiplying $100 by the Solar Rating & Certification Commission OG-
100 product rating, multiplied by the number of collectors, up to 40 percent of project cost. 

For ASHPs, we used an average heating seasonal performance factor (HSPF) of 11. This is based on 
the current equipment list approved by the Northeast Energy Efficiency Partnerships (NEEP) for 
certification in its cold climate ASHP standard.[4] GSHPs were given a seasonal coefficient of 
performance (COP) of 4.1 based on the closed-loop ENERGY STAR standard. For solar hot water 
heaters, we used a Solar Rating & Certification Corporation OG-100 rating of 13.7 based on the 
average seen in the MassCEC rebate program to date. We assumed wood pellet boilers have a 

                                           
79

 Installation scenarios where ASHPs served the full load of a household (with an integrated backup system in the form of an 
electric resistance heater or gas heater) were also considered but ultimately excluded from the analysis due to the wide 
degree of variability in these installations. This means that the analysis results are very conservative for some ASHP 
installations because ASHP is sometimes chosen over a standard fossil-based heating system without a backup heating 
system or with an inexpensive electric resistance heater. This is particularly applicable for new construction or major 
renovations. In such cases, the cost of an ASHP is its incremental cost beyond the cost of the standard system instead of 
the full cost of the ASHP. Further, this analysis did not quantify the cooling benefits from ASHP and GSHP, which renders 
the analysis results even more conservative for these technologies. 

80
 Installation costs for residential fossil fuel-based, standard heating systems were obtained from HomeAdvisor’s website. 

81
 One refrigerant ton of heat pump capacity equals 12,000 Btu (or about 3.5 kW).  

82
 For more recent and comprehensive RT cost data, see New York State Energy Research Development Authority 

(NYSERDA) Renewable Heating and Cooling Policy Framework: Options to Advance Industry Growth and Markets in New 
York. February 7, 2017, available at http://www.synapse-energy.com/project/renewable-heating-cooling-technical-
assistance-new-york-state-research-and-development.  

http://www.synapse-energy.com/project/renewable-heating-cooling-technical-assistance-new-york-state-research-and-development
http://www.synapse-energy.com/project/renewable-heating-cooling-technical-assistance-new-york-state-research-and-development
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heating efficiency of 85 percent and that wood chip boilers have an efficiency of 80 percent, figures 
based on stakeholder group feedback. 

Building Assumptions 

We separated buildings into the residential single-family, residential multi-family, and commercial 
sectors. For average building square footage and thermal energy consumption, we used data from 
the Energy Information Administration’s (EIA) building energy consumption databases.[5],[6] 
Recognizing the difficulties of determining standard measure inputs for large commercial customer 
applications, this analysis only considers small commercial buildings under 20,000 square feet (1,858 
square meters).  

Table 21. Average Thermal Load per Building 

Sector 
Building Square Footage 

(Square Meter) 
Space Heating Annual 

MMBTU (MWh) 
Water Heating Annual 

MMBtu (MWh) 

Single-family 2100 (195) 65 (19) 10 (2.9) 

Multi-family 5000 (465) 219 (64.2) 36 (10.6) 

Commercial 15800 (1,468) 535 (156.8) 33 (9.7) 

 
Heating Fuel Prices and Avoided Costs 

Where appropriate, we turned to the 2015 regional Avoided Energy Supply Costs in New England 
(AESC) report as a source for fuel prices.[7] More specifically, the AESC report supplied avoided 
energy costs and wholesale supply costs for electricity and natural gas. For the distribution 
components of electricity and natural gas retail rates, we used current National Grid retail tariffs. A 
database maintained by the Rhode Island OER provided fuel oil prices and avoided costs. Finally, 
based on feedback from the stakeholder working group, we used prices of $250 per ton for wood 
pellets and $125 per ton for wood chips. The analysis escalated both oil and wood fuel prices 
according to the escalation factors included in the AESC report.  

Administrative Costs 

We estimated administrative costs based on the ratio of administrative to incentive spending planned 
by National Grid in its 2016 Rhode Island Energy Efficiency Program Plan.[8] In the 2016 Plan, 
National Grid budgets for non-incentive cost expenditures that are 44 percent of the value of the 
program incentives provided, and we assumed that a RT program in Rhode Island would experience 
a similar rate of non-incentive spending. 

Cost-Effectiveness Analysis  

Our economic impact analysis evaluated cost-effectiveness of the four RT technologies from a few 
different perspectives. To accomplish this, we used three standard cost-effectiveness tests called the 
Total Resource Cost (TRC) test, the Program Administrator Cost test, and the Participant Cost test. 
These tests are often used to evaluate cost-effectiveness of ratepayer-funded energy efficiency 
programs in the United States.

83
 This paper focuses on the results based on the Rhode Island TRC 

test. The TRC test evaluates costs and benefits in net present values from the system-wide 
perspective, which includes all costs and benefits experienced by program participants and non-
participants. More specifically, TRC benefits and costs included in this analysis are as follows: 

                                           
83

 For best practices in cost-effectiveness screening, please see Synapse Energy Economics, Benefit-Cost Analysis for 
Distributed Energy Resources: A Framework for Accounting for All Relevant Costs and Benefits. September 2014, 
available at http://www.synapse-energy.com/sites/default/files/Final%20Report.pdf. For examples of how energy efficiency 
programs are evaluated, see Synapse Energy Economics,  Energy Efficiency Cost-Effectiveness Screening in the 
Northeast and Mid-Atlantic States. October 2013, available at http://www.synapse-
energy.com/sites/default/files/SynapseReport.2013-10.NEEP_.EMV-Screening.13-041.pdf.  

http://www.synapse-energy.com/sites/default/files/Final%20Report.pdf
http://www.synapse-energy.com/sites/default/files/SynapseReport.2013-10.NEEP_.EMV-Screening.13-041.pdf
http://www.synapse-energy.com/sites/default/files/SynapseReport.2013-10.NEEP_.EMV-Screening.13-041.pdf


 

202 
 

 TRC benefits: Avoided costs of fossil fuel use, environmental compliance costs,
84

 demand-
reduction induced price effects (DRIPE),

85
 and non-energy benefits (such as improved home 

comfort and increased property values).
86

  

 TRC costs: The incremental cost of installed RT equipment (where appropriate), 
administrative costs of managing an RT incentive program, the added fuel and electricity 
costs of RT technologies, as well as any DRIPE associated with the added electricity costs.  

As mentioned above, we used full system costs for SHW and ASHP given our assumption in this 
scenario that residents and businesses keep their existing heating equipment as a backup or a 
supplemental heating source.  

The results of the TRC analysis show that an RT portfolio that grows to 5 percent of Rhode Island’s 
thermal load by 2035 can be expected to yield $1,240 million in gross lifetime benefits with $200 
million in lifetime net benefits for the state. This results in a benefit-cost ratio of 1.18, as shown in 
Figure 39. TRC costs are split nearly evenly between measure installation costs and added energy 
costs (primarily heat pump electricity consumption with some wood pellet or chip consumption 
included). Administrative costs account for the small remainder. TRC benefits mainly consist of 
avoided energy costs, with quantified non-energy benefits providing most of the remainder.

87
 Lastly, it 

is important to note that external environmental impacts and employment impacts are not quantified in 
the Rhode Island TRC and thus are not included here (though they are quantified separately and 
discussed in the sections below). 
 

 
Figure 39. Stacked TRC Costs and Benefits 
 
A separate sensitivity analysis evaluated how results may change in several potential scenarios as 
follows: 

 A reversion to 2013 fossil fuel prices. The prices of fuel oil and natural gas are primary 
drivers of the economic viability of RT technologies. This is particularly notable for fuel oil 
which, as a more expensive fuel than natural gas, presents a better financial opportunity for 
conversion to RT. In recent years, the price of fuel oil has declined substantially, limiting the 

                                           
84

 Environmental compliance costs are based on the AESC study and include expected CO2 allowance costs under the 
Regional Greenhouse Gas Initaitive (RGGI). The compliance price starts at about $6 per short ton in 2015 and gradually 
increases to $34 per short ton by 2030. 

85
 DRIPE refers to short-term market price-suppression effects that decreased energy usage will have on the wholesale energy 

prices. As demand will decrease, prices are expected to decline slightly for all ratepayers. However, for ASHP and GSHP, 
DRIPE is used to increase wholesale electricity market prices as they increase electricity use during the winter time. No 
price suppression effect was assumed for fuel oil, given the global nature of the market. 

86
 Specific non-energy benefits included in this analysis are based on the values used for assessing cost-effectiveness of 

National Grid Rhode Island efficiency programs.  
87

 Rhode Island has adopted two cost-effectiveness screening best practices for the TRC test: a discount rate less than 1 
percent and the quantification and inclusion of non-energy benefits. If Rhode Island had not adopted such policies, like 
many other jurisdictions that use a higher discount rate and ignore NEBs, the results of this analysis might not provide 
positive lifetime net benefits. 
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cost-effectiveness of RT technologies. This scenario considers cost-effectiveness of RT, if the 
recent price decrease in fossil fuels were reversed, by utilizing 2013 fossil fuel prices (which 
entails an increase in the price of fuel oil of roughly 50 percent). 

 A 20 percent reduction in RT installation costs. Another key driver of RT cost-
effectiveness is a reduction in the installed costs of RT technologies, either as a natural result 
of market growth or as driven by policy intervention. This scenario considers a hypothetical 
installed cost reduction of 20 percent. 

 The interaction of the two above effects. 

As shown in Table 22, each of these scenarios represents an improvement in the benefit-cost picture 
compared to the base case discussed above, with the greater impact coming from a return to 2013 
fossil fuel prices. This reflects the central role that oil prices have in determining the opportunities for 
cost-effective RT market growth in Rhode Island. 

If the recent decline in oil prices were to reverse, and RT installation costs were also to decline 20 
percent through either hard or soft cost reductions, the overall benefit-cost ratio of the portfolio of RT 
installations would increase to 1.80. The state’s net lifetime benefits would increase to over $740 
million.  

Table 22. Sensitivity Analysis on TRC Cost-Effectiveness 

Sensitivity 
Scenario 

Lifetime 
Benefits 

Lifetime Costs 
Lifetime Net 

Benefits 
Benefit-Cost 

Ratio 

Base Case $1,239,572,340 $1,046,388,849 $193,183,491 1.18 

2013 Fossil Fuel 
Prices 

$1,670,366,899 $1,046,389,287 $623,977,611 1.60 

Reduced RT Costs $1,239,572,340 $926,494,420 $313,077,920 1.34 

Interaction of Effects $1,670,366,899 $926,494,858 $743,872,040 1.80 

 
Table 23 shows measure level results that aggregate sector-specific results. RT systems replacing 
fuel oils resulted in better economics than other systems, while RT systems replacing natural gas are 
often not cost-effective. Under the sensitivity case that combines impacts of 2013 fossil fuel prices 
and reduced RT costs, the economics of RT systems replacing fuel oil improves substantially with 
positive net benefits across all systems. At the same time, their economics replacing natural gas still 
result in a benefit-cost ratio of less than 1.0. However, if avoided emissions values are included in this 
economic analysis, it is likely some ASHP systems will become cost-effective against natural gas 
fuels. Furthermore, the ASHP systems installed as part of major renovations and new construction—
not considered in this analysis—are expected to be highly cost-effective against natural gas when 
they avoid the installation of new natural gas heating systems. Finally, if we include the benefits of 
cooling from ASHP and GSHP, or if we allocate the installed costs assumed for these technologies 
between heating and cooling services, the economics of ASHP and GSHP improve further.  

Table 23. TRC Results at Measure Level for the Base Case and Sensitivity Case 

Technology 
Base Case Sensitivity Case 

Electric Gas Oil Electric Gas Oil 

ASHP 1.39 - 3.26 0.66 - 0.83 1.42 - 1.66 1.59 - 3.68 0.78 - 0.98 2.41 - 2.68 

GSHP 0.62 - 1.99 0.4 - 0.44 0.83 - 1.01 0.75 - 2.49 0.5 - 0.56 1.46 - 1.84 

Pellet Boiler 
 

0.38 - 0.48 0.86 - 1.05 
 

0.43 - 0.56 1.35 - 1.75 

Solar hot water 0.58 - 1.72 0.37 - 0.53 0.96 - 1.38 0.72 - 2.15 0.46 - 0.64 1.75 - 2.52 

Green cells indicate all systems are cost-effective. Orange cells indicate all systems are not cost-
effective.  Yellow cells indicate mixed results. 
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Rate and Bill Impact Analysis  

We analyzed rates and energy bills to assess ratepayer impacts from the alternative thermal energy 
scenario. Expected rate changes from the alternative thermal energy scenario only show a partial 
picture of the entire impact. Customers care about rates, but their ultimate concern is the amount on 
their utility bills. Thus, the ratepayer impact analysis investigated both rate and bill impacts. 

Rate Impact Approach  

We estimated rate impacts from the RT policy scenario by comparing the expected electricity and 
natural gas rates for a business-as-usual (BAU) scenario and for the RT policy scenario. The 
expected annual energy rates for the RT policy scenario (“RT annual energy rates”) are calculated 
simply by dividing expected annual revenues (“RT annual revenues”) by expected annual energy 
sales (“RT annual sales”) under the scenario as follows: 

RT annual energy rates = 
𝑅𝑇 𝑎𝑛𝑛𝑢𝑎𝑙 𝑟𝑒𝑣𝑒𝑛𝑢𝑒𝑠

𝑅𝑇 𝑎𝑛𝑛𝑢𝑎𝑙 𝑠𝑎𝑙𝑒𝑠
 

Where, 

     RT annual revenues = BAU revenues +/- expected system cost changes due to RT 

     RT annual sales = Adjusted sales due to RT 

Developing a revenue forecast for the RT policy scenario started with developing a BAU revenue 
forecast using estimates of future BAU sales and total retail rates through 2055.

88
 The data for this 

sales forecast were from the most recent historical sales data and from EIA’s annual growth rate 
projection for the New England region.

89
[9] To forecast retail rates, we escalated the current full retail 

rates by the projected avoided energy cost escalation rates. The avoided retail energy costs consist of 
(a) avoided energy supply costs based on the 2015 AESC study and (b) avoided delivery costs based 
on National Grid's current tariffs for electricity and natural gas, which are conservatively estimated to 
increase at a rate of 1 percent per year. 

We then estimated a revenue forecast for the RT policy scenario by taking into account expected 
system cost changes to the BAU revenue forecast for electricity and natural gas under the RT policy 
scenario. Likely cost changes consist of those due to (a) sales increases and the decrease of various 
fuels associated with the RT portfolio of installation, as well as (b) the expected recovery of program 
costs through an added ratepayer charge on a customer’s electricity bill. The surcharge for RT 
technologies is set at the same level in terms of cents per kWh for residential and commercial 
customers. 

We based the expected system cost changes on the AESC avoided costs. Decreased natural gas 
sales will provide system benefits in the form of avoided energy costs, thereby decreasing revenue. In 
contrast, increased electricity sales will result in increased system costs, which in turn will increase 
revenue requirements to some extent.  

Bill Impact Approach 

The bill impact analysis considers both changes in rates and changes in customers’ consumption 
patterns. This provides a better indication of a new policy’s impact on customers. Non-participant bill 
impacts show bill impacts experienced by utility customers who do not install RT systems. These 
impacts take into account all of the expected rate impacts discussed above. Participants experience 
the same rate impacts but have mitigated those impacts by adjusting their consumption levels through 
the installation of RT systems.  

Our analysis estimated non-participant average annual energy bills for all customers by sector. 
Average annual bills were estimated based on the expected average energy use by customer by 
sector, and on the estimated rates in the BAU and policy cases. We estimated the average energy 

                                           
88

 Revenue data used in this analysis represent all electricity revenue including electricity supply, transmission, and distribution. 
89

 EIA provides sales forecast through 2040. After 2040, we escalated sales based on the average annual sales growth rate in 
the last five years of the EIA forecast. 
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use by sector by dividing the BAU sales forecast by the BAU customer forecast by sector. We then 
forecasted BAU sales based on the most recent historical sales data and EIA’s annual growth rate 
projection for the New England region.[9] Using the most recent customer data based on EIA 
statistics, we forecasted the BAU customer counts and projected it using the average growth rate in 
customers from the previous five years.[10] 

Rate Impact 

Overall, estimated changes in electricity and natural gas rates are negligible.  Natural gas residential 
rate impacts start at a very small scale and peak at 1.1 percent in 2035, with a long-term average 
impact of about 0.5 percent. At different time periods, the impacts range from less than 0.2 cents per 
therm (or 0.1 percent) in the first 10 years to about 1.3 cents per therm (or 0.7 percent) in the second 
10 years (Table 24). The natural gas rate impacts on commercial customers are considerably smaller 
because the commercial program scale is quite small. Natural gas commercial rate impacts peak at 
about 0.1 percent in 2035 and range from less than 0.1 cents per therm (or 0.01 percent) in the first 
10 years to about 0.12 cents per therm (or 0.08 percent) in the second 10 years (Table 24). The long-

term average rate impact for commercial gas customers is about 0.1 percent.  

Table 24. Natural Gas Rate Impact Results 

  
Residential Commercial 

Cents/Therm 
($2015) 

% change 
Cents/Therm 

($2015) 
% change 

First 10 Years 0.18 0.11% 0.01 0.01% 

Second 10 Years 1.34 0.72% 0.12 0.08% 

Remaining Years 1.35 0.62% 0.17 0.06% 

All Years 1.01 0.51% 0.08 0.05% 

 
Figure 40 shows annual residential electric rate impacts. Our analysis assumed program costs will be 
recovered through a system benefit charge (SBC) (in cents per kWh) placed on both residential and 
non-residential electric customers’ bills.

90
 This charge gradually increases from zero in 2017 to about 

0.3 cents per kWh (or about 1.3 percent relative to a BAU rate) in 2035, the year in which new 
installations are assumed to end. The downward pressure on rates from increased electricity sales is 
expected to peak in 2035, before gradually decreasing through 2055. This reduction in rates will 
absorb about half of the SBC’s upward pressure, keeping the maximum net rate impact at about 0.07 
cents per kWh. Throughout the entire study period, the average net electric rate impact for residential 
customers is -0.07 cents per kWh or a 0.3 percent decrease. 

 
Figure 40. Residential Electric Rate Impacts 
 

                                           
90

 A system benefit charge is a typical funding mechanism for utility energy efficiency programs across the Untied States. 
Annual SBC is estimated by dividing the expected program costs by the expected electricity sales for each year. 
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Figure 41 shows expected commercial electric rate impacts. Overall, the impact for commercial 

customers is likely greater than the impact for residential customers. This is primarily because 

electricity sales increases due to the commercial program are significantly smaller than those due to 

the corresponding residential program. Yet commercial SBCs are essentially the same as residential 

SBCs. The figure shows that the maximum SBC charge is about 0.33 cents per kWh in 2035, while 

the maximum downward pressure on rates from increases sales is just about -0.1 cents per kWh. 

Throughout the entire study period, the average net electric rate impact for commercial customers is 

slightly positive, at about 0.05 cents per kWh or a 0.2 percent increase. 

 
Figure 41. Commercial Electric Rate Impacts 

Non-Participants Bill Impact 

To calculate the non-participant bill impacts for natural gas and electricity, we used the rate impacts 
estimated above and data on average monthly energy consumption. First, we estimated bill impacts 
for the electricity and natural gas sectors separately. We then combined these to present a full bill 
impact analysis for customers who use both electricity and natural gas. For customers who use oil for 
space heating, the electric bill impacts represent the full bill impact from the RT policy scenario 
because oil prices are not expected to change.  

Table 25 provides the results of this analysis. Throughout the study period, the average change in 
bills for residential non-participant electric customers is negligible, with an overall bill decrease of 
about 0.26 percent (or about $4 per year). The average change in bills for commercial non-participant 
electric customers is about a 0.23 percent increase (or about $24 per year). These results represent a 
complete bill impact for oil heating customers. For residential customers who use both electricity and 
natural gas, the bill impact is negligible with about a 0.1 percent increase (or about $3). For 
commercial customers, the average combined bill impact is also small, with a 0.15 percent increase 
(or about $28). 

Table 25. Natural Gas and Electric Bill Impacts Results for Non-Participants 

  

Natural Gas Bill Electricity Bill Combined Bill 

% 
$ per 
year 

% 
$ per 
year 

% 
$ per 
year 

Residential 0.50% $7 -0.26% -$4 0.10% $3 

Commercial 0.05% $4 0.23% $24 0.15% $28 
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Employment Impact Analysis  

IMPLAN Model Approach 

We based our employment impacts analysis on projected cost inputs, the bill impact analysis, and the 
IMPLAN model.

91
 To translate these inputs into job impacts in Rhode Island, we used this information 

along with state-specific data from the IMPLAN model. The measure-specific spending informed the 
“direct impacts” estimate, which represents new jobs at RT measure installation sites. These impacts 
represent the increased labor from installing the RT measures minus the reduction in labor from 
standard measures that were not installed as a result of the RT program. The IMPLAN model also 
estimated the spin-off activity from both RT and standard equipment installations, including (1) 
“indirect impacts,” which comprise equipment and services needed to support the installation but that 
are not directly related to installation labor and (2) “induced impacts,” which occur when contractors 
spend their wages and customers spend their savings. Where contractors and consumers spend 
these dollars determines the impacts on the state.

92
 

To determine the breakdown of labor and equipment costs for standard measures that would have 
been installed absent the RT case (e.g., gas furnaces), we drew on cost data for RT and standard 
measures, as well as on a breakdown of labor and equipment costs for RT measures. We used net 
labor spending (new labor spending minus avoided labor spending on standard installations) to 
calculate direct job impacts for installation, assuming the average wages from relevant industries.

93
 

Modeling of labor income captured the impacts of contractors spending their income in Rhode Island. 
The net spending on equipment (new RT equipment minus avoided spending on standard equipment) 
was assigned to specific IMPLAN industries in order to capture the impacts of equipment purchases in 
Rhode Island.

94
  

The analysis also took into account the shifts in fuel spending caused by the program, but determined 
that changes in electricity and natural gas demand would have little to no effect on Rhode Island jobs 
for several reasons.

95
 However, changes in demand for fuel oil and wood pellets would have an effect 

on jobs because each delivery requires more labor. Therefore, this analysis assumed that jobs 
changed commensurately with increases or decreases in volume of these fuels. Fuel oil jobs lost were 
based on the historical jobs per million gallons delivered in Rhode Island multiplied by the fuel oil 
savings attributed to the program.

96
 Our analysis also assumed that oil and wood delivery jobs were 

equivalent on a weight basis.
97

 These two activities have a slightly negative net impact on the state’s 
economy because the program creates a large reduction in oil delivery but only a small amount of 
new demand for wood pellets. 

Shifts in customer spending due to the program also impact jobs. By estimating economic impacts 
from customer savings using a bill impact analysis, along with an estimate of the out-of-pocket costs 
for participants, the IMPLAN model captured the full costs paid by customers. 

Finally, based on the share of program costs dedicated to administration of the program, we 
estimated direct job impacts in Rhode Island associated with running the program and modeled the 
total impact from these jobs in the state. 

                                           
91

 IMPLAN is a standard commercial input-output model that is used in assessing economic impacts across the United States. 
92

 For best practices in employment impact modeling, please see Bower et al. Economic Impacts of Efficiency Spending in 
Vermont: Creating an Efficient Economy and Jobs for the Future. 2012. ACEEE Summer Study on Energy Efficiency in 
Buildings, available at http://aceee.org/files/proceedings/2012/data/papers/0193-000157.pdf   

93
 Average income values were derived from the following IMPLAN industries: “maintenance and repair construction of 

residential structures” for residential installations, and “maintenance and repair construction of nonresidential structures” 
for commercial installations. 

94
 The IMPLAN industry “heating equipment (except warm air furnaces) manufacturing” was used for boiler and solar hot water 

equipment. For furnace, ground-source heat pump, and air-source heat pump equipment, the IMPLAN industry “air 
conditioning, refrigeration, and warm air heating equipment manufacturing” was used. 

95
 First, Rhode Island has no natural gas production and, second, jobs associated with the distribution of natural gas and 

electricity do not fluctuate with volume distributed. 
96

 US County Business Patterns data (http://censtats.census.gov/cgi-bin/cbpnaic/cbpdetl.pl) provided the number of fuel oil 
delivery jobs, and the Energy Information Administration (EIA) form 821 databases 
(https://www.eia.gov/dnav/pet/pet_cons_821use_dcu_SRI_a.htm) provided fuel oil volume. The jobs factor was based on 
the 5.65 jobs per million gallons delivered in the 2014 and 2015.  

97
 The weight of fuel oil is 7 pounds per gallon. Along with the 5.65 delivery jobs per gallon, this leads to a factor of 1.61 jobs 

per thousand tons.  

http://aceee.org/files/proceedings/2012/data/papers/0193-000157.pdf
http://censtats.census.gov/cgi-bin/cbpnaic/cbpdetl.pl
https://www.eia.gov/dnav/pet/pet_cons_821use_dcu_SRI_a.htm
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Job Impact 

Figure 42 shows the results of the employment impact analysis, indicating that both residential and 
commercial RT programs increase employment in Rhode Island. Between 2017 and 2055, residential 
programs have the greater impact with 165 average annual jobs. Commercial programs generate 32 
average annual jobs. Job impacts peak in the mid to late 2030s—toward the end of the program 
period—as an increasing amount of measures are installed through 2035. After 2035, there are no 
new measure installations but impacts persist as consumers spend their savings in the state 
economy. These savings impacts diminish through the end of the analysis period as the measures 
installed earlier expire. 

 
Figure 42. Average Annual Job Impacts by 5-Year Period (2021-2055) 
 

Emission Analysis 

Emission Impact Approach 

Regarding carbon emissions, we modeled impacts for the portfolio of RT projects by deriving 
technology-specific carbon emissions factors associated with both baseline and RT equipment. 

For electricity impacts, we used the U.S. Environmental Protection Agency’s Avoided Emissions and 
Generation Tool (AVERT). [11] AVERT models the expected change in electricity consumption 
occurring in each hour of the year and compares this to the emissions rate of the marginal generating 
plant active in the region in that hour. To calculate natural gas and fuel oil emissions impacts, we 
used emissions factors listed by EIA on its CO2 FAQ website [12]. 

In addition, our analysis separated electricity impacts into emissions increases (installation of ASHPs 
and GSHPs) and emissions reductions (conversion from electric resistance heat).

98
 Given the wide 

degree of variability in emissions from and emissions accounting frameworks for bioenergy projects 
and the resulting inconsistency in emissions estimates, we did not include biomass installations in this 
emissions analysis.

99
 

These avoided emissions are estimated based on static hourly electricity avoided emission rates in 
2015 from AVERT. Future electricity emissions will likely be less than the outputs of the AVERT 
model, as we can reasonably expect the emissions per unit of electricity consumption to decrease 

                                           
98

 Emissions impacts related to biomass installations were not modeled due to the wide variety of emissions impact categories 
and the difficulty of accurately measuring emissions impacts. The expected contribution of biomass conversions to overall 
emissions impacts would be minor given the small number of wood boilers included in the RT project portfolio in this 
analysis. This analysis also did not take into account emissions changes in GHGs other than CO2, and did not account for 
potential GHG emissions associated with losses in the natural gas distribution system. 

99
 For a detailed discussion of emission accounting frameworks for biomass, see Synapse Energy Economics, The Carbon 

Footprint of Electricity from Biomass, 2012, available at http://www.synapse-energy.com/sites/default/files/Carbon-
Footprint-of-Biomass-11-056.pdf  

http://www.synapse-energy.com/sites/default/files/Carbon-Footprint-of-Biomass-11-056.pdf
http://www.synapse-energy.com/sites/default/files/Carbon-Footprint-of-Biomass-11-056.pdf
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over time as Rhode Island and other regional states pursue renewable energy targets. Therefore, this 
emissions impact analysis yields a conservative result; the future emissions of ASHP and GSHP units 
that lead to a net increase in electricity consumption will likely be less than what is projected by the 
AVERT model today. 

Emissions Impact 

Over the lifetime of the measures included in the base model (target 5 percent of thermal load), RT 
installations would result in a carbon dioxide (CO2) emissions reduction of 2.2 million short tons, or an 
average of just less than 60,000 short tons per year from 2017 to 2054. Emissions reductions would 
peak in 2035, with a reduction of 127,000 short tons of CO2.

100
 

Over the life of the program, converting to RT technologies from fuel oil equipment would avoid 4.19 
million short tons of CO2, converting from electric resistance heat would avoid 860,000 short tons of 
emissions, and reductions in natural gas consumption would avoid 444,000 short tons (see Figure 
43). These emissions reductions would be partially offset through 1.925 million short tons of added 
emissions from increased electricity consumption due to newly installed heat pumps over the life of 
the project portfolio. 
 

 
Figure 43. Annual Emissions Impacts by Year (Short Tons) 
 
 

Conclusion 

Statewide, our analysis shows the 5 percent impact portfolio accruing nearly $200 million in lifetime 
Net Present Value (NPV) economic benefits to the state of Rhode Island, as measured by the Rhode 
Island TRC. In a scenario in which RT technology costs were to decline by 20 percent through hard or 
soft cost reductions, the lifetime net economic benefit to the state would increase by 62 percent to 
$313 million. In a scenario in which the global fossil fuel prices were to recover from the recent 
collapse, net statewide economic benefits would increase by 323 percent to $624 million. 

In the base analysis, such a portfolio of RT projects would require $193 million in statewide funding 
(cumulative, undiscounted) through 2035 for program incentives and non-incentive costs (which are 
accounted for in the calculation of net state economic benefits). This analysis assumes these costs 
would be provided through a system benefit charge for statewide energy ratepayers. 

Financial impacts on non-participating ratepayers would be minimized, however, by the electricity 
load-building nature of the RT portfolio, which includes large numbers of ASHP and GSHP 
installations. To put it plainly, the electrification of space and water heating means more electricity 
sales for utilities even as efficiency improves. Through the combination of an added systems benefit 
charge to recover program costs, downward pressure on electricity rates due to increased electricity 
load, and upward pressure of natural gas rates due to decreased natural gas load, residential energy 
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 One short ton equals approximately 0.9 metric tons. 
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costs for combined electricity-natural gas ratepayers not participating in the RT program would 
increase by an average of about 0.1 percent to 0.15 percent during the program impact period. In 
contrast, bill impacts for residential oil customers, solely based on expected electric bill impacts, are 
expected to decline very slightly at about 0.26 percent on average. These impacts are likely to 
increase slightly for commercial oil customers at about 0.23 percent on average. 

In addition to direct financial impacts, this portfolio of RT installations will likely contribute to state job 
creation efforts. Our analysis found that such an investment in RT in Rhode Island would lead to an 
average net increase of 197 jobs in the state during the program impact period. 

Finally, such a portfolio of RT installations would lead to a net reduction of 2.2 million short tons of 
CO2 emissions during the program impact period—an average reduction of 60,000 short tons per 
year. 
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Energy efficiency reduces the rate of national greenhouse gas 
emissions 

James E. McMahon,  

Better Climate Research and Policy Analysis,  

INTRODUCTION 

For twenty years since 1997, prospective estimates of U.S. energy-related carbon dioxide emissions 

have been published, together with projections of expected emissions for twenty or more years into 

the future. The Energy Information Administration updated these estimates of current and projected 

emissions annually to account for changes in the economy, policies, and technologies. This paper 

documents the trends in national projections of number of households, income, residential electricity, 

and related carbon dioxide emissions, and in energy efficiency policies that influenced those 

projections. 

Government agencies and others have estimated the impacts of individual energy efficiency policies, 

including mandatory energy performance standards, building codes, and utility energy efficiency 

programs.
101

 Most studies are prospective, with a few retroactive analyses. Appliance standards 

impact residential, commercial and industrial energy.  The U.S. Department of Energy (DOE) 

estimates that “national energy efficiency standards completed through 2016 are expected to save 71 

quadrillion British thermal units (quads) (67 exajoules EJ) of energy (cumulative) by 2020 and nearly 

142 quads (135 EJ) through 2030.” This cumulative impact is equivalent to nearly 1.8 years of 

buildings’ energy consumption by 2020 or 3.7 years by 2030. Average household utility bills are 

reduced $321 per year in 2015 (about 14%) and $529 per year by 2030 (USDOE, 2017a) or, by 

another estimate, 2,560 kWh or 21% of household electricity usage. (deLaski, 2017) 

Retrospective analysis indicates that appliance standards saved about 3 quads (2.8 EJ) in 2015 for 

residential electricity and natural gas and that savings from existing standards will increase until 

around 2025. (Meyers, 2016). Independently, building codes have been shown to reduce residential 

electricity consumption in the U.S. by 2-5% in 2006. (CEC, 2014) Utility energy efficiency programs for 

the residential sector are annually achieving incremental savings of about 8.1 TWh, equivalent to 

0.7% of all electricity sales
102

 at a cost of $0.030 per kWh (Hoffman 2017). Across all sectors, utilities 

spent $8 billion in the U.S. for electricity and gas savings in 2016 (CEE, 2017). The cumulative impact 

in 2015 from previous and current programs could be about 10 times the annual savings, depending 

upon the measure life and how programs have ramped up over time, so perhaps 7% of residential 

electricity sales. Summing these impacts, the combination of appliance and equipment standards, 

building codes, and utility energy efficiency programs to date reduced average household electricity 

bills about 17-33% in 2015. 

This paper looks at retrospective and prospective estimates of residential electricity consumption and 

corresponding emissions of carbon dioxide and provides evidence that energy efficiency has 

decoupled U.S. residential electricity growth from growth in households and income. 

DATA AND METHODS 

The United States Energy Information Administration (EIA) has published Annual Energy Outlook 

(AEO) reports since 1979 (EIA, 2017a), providing a baseline of current consumption each year and 

annual projections about 20-30 years into the future. This paper examines a sample of these reports, 

from 1997 to 2017, and summarizes observations about residential electricity and related emissions, 

and expectations about future emissions. Trends are examined, with attention to how projections 

changed over time. The projections in the AEO reports are based on policies in place at the time of 

                                           
101

 For federal appliance standards, the U.S. Department of Energy produces prospective technical support documents (TSDs) 
in each rulemaking for specific product types (USDOE, 2017b). A limited set of retrospective and prospective research 
publications have been published. (e.g., Meyers, 2016) Interested non-profit organizations have issued reports on 
projected savings from energy efficiency policies adopted or not yet undertaken (deLaski 2017; deLaski, 2016).  

102
 Additional savings in 2015 of about 0.4 TWh come from low income programs, for which cost-effectiveness is not calculated. 

Peak savings in 2015 for residential programs are 1.27 GW, and 0.09 GW for low income. 
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each report. Over time, policies were introduced for increasing energy efficiency. These included 

national policies (e.g. mandatory energy efficiency standards for residential, commercial and industrial 

equipment; mandatory corporate average fuel efficiency (CAFÉ) standards for automobiles; and 

voluntary labels such as ENERGYSTAR), as well as state policies (building codes, utility energy 

efficiency programs).  

Energy efficiency policies have been implemented over the last forty years and have been expected 

to reduce the amount of energy required to provide valuable services (e.g., space heating and 

cooling, lighting, water heating, appliances). The AEO reports describe stages of legislation, 

regulation, and technology development, and incorporate those changes year-by-year into their 

projections. This paper summarizes the timeline of legislation and regulations captured by the reports, 

and analyzes the trends in carbon dioxide emissions for the residential sector and their key drivers 

(number of households, income, and electricity consumption). 

RESULTS 

Total and residential energy consumption is expected to be a function of the population (number of 

households), incomes, technologies, policies, and behaviors. This paper focuses on policies related to 

technologies, particularly energy efficiency of appliances, equipment, lighting, and buildings.  

The 1997 AEO includes estimates of U.S. energy-related carbon emissions per capita from 1990 

forward to 2015.  Reading from a chart and converting from carbon to carbon dioxide emissions, the 

values are about 20 metric tons per capita in 1990, rising to about 21 in the 2008-2015 period. (EIA, 

1997) 

The 2017 AEO estimates U.S. energy-related carbon dioxide per person at 16.3 in 2015, projected to 

decrease to 15.7 in 2020, and to 12.7 in 2050.  This corresponds to an annual rate of change of -0.7% 

per year, and represents a dramatic change from the twenty-year earlier projections. (EIA, 2017b) 

From 2014 to 2015, when growth in per capita GDP was 2.6%, retrospective analysis indicates that 

U.S. energy-related carbon dioxide emissions decreased 2.7% compared to expectations from the 

2005-2014 trend. Energy intensity of the economy declined 3.4% and carbon intensity of energy 

supply decreased 1.8% (compared to annual average declines of 1.5% and 0.9% from 2005-2014, 

respectively). Building sector emissions from electricity declined 5.4%, and buildings sector direct 

emissions declined 7.4% from 2014 to 2015 (EIA, 2017c) 

From 2010 to 2016, residential electricity sales decreased 3%, residential electricity sales per 

household declined 9%, and residential electricity sales per capita decreased 7%. (EIA, 2017e) 

Adoption of residential rooftop photovoltaic systems contributed about 0.7% to decreasing electricity 

sales from 2010 to 2016. (EIA, 2017f)
103

 The weather is warmer (fewer heating degree days) in 45 

states in 2016 than 2010, and cooling degree days increased. (NOAA, 2017) These weather effects 

are expected to decrease electricity for space heating and increase electricity for air conditioning. In 

2016, purchased electricity for residential space cooling (0.843 quads, 0.799 EJ) dominates 

purchased electricity for space heating (0.328 quads, 0.311 EJ). (EIA, 2017d) 

HOUSEHOLDS. In 1995, there were 99 million households in the United States (Figure 1).  The 1997 

AEO projected that this would rise to 122.65 million households in 2015 (annual growth of 1.1% per 

year).  In 2007, AEO assumed higher numbers of households, expecting 127.75 million in 2015, and a 

25-year growth rate the same as the 1997 projection (+1.1%/y). In 2017, 115.38 million households 

were reported for 2015.  This is lower than previous expectations due to the economic downturn in 

2008-2009. AEO 2017 used lower future expectations with a 35-year growth rate of 0.8%/y. 

 

                                           
103

 EIA Electric Power Monthly https://www.eia.gov/electricity/monthly/ shows net generation residential at 4,947 GWh in 2014, 
6,999 in 2015, and 10,465 in 2016. Residential electricity sales were 1,445,708 GWh in 2010, 1,407.208 in 2014, 
1,404,096 in 2015, and 1,407,394 in 2016. 

https://www.eia.gov/electricity/monthly/
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Figure 1. U.S. households (millions), 1995-2040 

 

INCOME. Real disposable income in 1995 was 7.36 billion dollars (converted to 2009 dollars) (Figure 

2), and the 1997 AEO expected growth of 2.1%/y to 2015.  In 2007, incomes were higher than 

previously expected, and the future growth rate (2005-2030) was raised to 3.1%/y.  In 2017, incomes 

were lower than expected, and the growth rate was 2.2%/y (2016-2050). 

 

Figure 2. Real disposable income (2009 dollars, U.S.), 1995-2040 

 

ENERGY POLICIES. Table 1 lists energy policies considered in Annual Energy Outlook reports at 

five-year intervals from 1997 to 2017.  Updates to earlier policies, such as to appliance standards 

legislation including NAECA 1987 or EPACT 2005, were included annually. Consequently, cumulative 

impacts of energy policies were captured over time. 

RESIDENTIAL ELECTRICITY. In 1995, residential electricity consumption was 1054 TWh. The 1997 

AEO assumed average growth of 1.6%/y (1995-2015). This was higher than the growth in households 
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(1.1%/y), and less than expected income growth (2.2%/y).  In 2007, residential electricity consumption 

was higher than previously forecast.  

The AEO 2007 projection of growth for residential electricity was 1.3%/y, slightly greater than the 

expected growth in households (1.1%/y).  The AEO 2007 projection was lower than previously, in part 

due to cumulative impacts of appliance standards and consideration of the recent legislation, Energy 

Policy Act of 2005.  The principal energy efficiency provisions included: new efficiency standards for 

15 new residential and commercial product categories; investment tax credits for residential energy 

efficiency ($556 million); and credits to manufacturers of efficient appliances ($180 million) and 

building contractors ($28 million). (C2ES, 2017) 

Figure 3 shows that, by the time of the 2012 AEO report, sales of residential electricity were declining 

and expectations for future sales had been lowered.  The average annual growth rate for residential 

electricity in 2012 AEO was projected to be 0.7% per year, compared to growth in number of 

households of 1.0%/year and in income of 3.1%/year. Decreased expectations for numbers of 

household or income after the economic downturn of 2009 do not account for the lower projections of 

residential electricity. Actual residential electricity sales grew 0.12%/y on average 2007-2016.  

AEO 2017 reference case assumed implementation of the Clean Power Plan.  Under these 

assumptions, the average annual growth rate of residential electricity sales was 0.20% per year, only 

one-fourth of the growth in number of households, and less than one-tenth the growth in income.  

AEO 2017 included a sensitivity case without the Clean Power Plan.  In that scenario, residential 

electricity was expected to grow twice as fast, 0.40%/year, or one-half the growth in number of 

households and one-fifth the growth in income. 

 

Figure 3. U.S. residential electricity sales (TWh), 1995-2040 
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CARBON DIOXIDE EMISSIONS ASSOCIATED WITH RESIDENTIAL ELECTRICITY.  In 1997, the 

growth in carbon dioxide emissions for residential electricity was projected at 1.5%/year, just below 

the growth in residential electricity, 1.6%/year.  In AEO 2007, the growth rates were the same, 

1.3%/year.  Figure 4 shows that the impact of lower-carbon energy supply is seen in AEO 2012, 

where growth in carbon dioxide emissions related to residential electricity was projected at 

0.10%/year, one-seventh the growth in residential electricity sales.  In AEO 2017 without the Clean 

Power Plan, that growth rate in emissions is projected to be the same as projected in 2012, but with 

the Clean Power Plan, emissions were expected to decline, with an average annual change of -

0.7%/year. 

 

Figure 4. Carbon dioxide emissions from U.S. residential electricity sales (million metric tons), 

1995-2040. 

 

UPDATED EXPECTATIONS 

AEO 2017 projected that delivered residential energy per square foot will decrease at an annual 

average growth rate of -1.1% per year (2016-2050). Since average house square footage is projected 

to increase at 0.4% per year, the delivered energy consumption per household will decrease at -0.7% 

per year without the Clean Power Plan (CPP), and -0.8% per year with the CPP. The number of 

households is projected to grow 0.8%/y. Total delivered residential energy is projected to increase at 

0.1%/y. Efficiency gains are offsetting continued growth in the number and size of households. 

In 2017, real disposable income for 2015 is estimated at 12.343 billion 2009 dollars, with a projection 

of average annual growth from 2016-2050 of +2.2% per year to 26.219 billion 2009 dollars. (EIA, 

2017d) This corresponds to growth in income per household of +1.34% per year. Residential energy 

consumption per square foot and per household are projected to decline over time, and appear to be 

decoupled from income growth. This is consistent with the expectations and impacts of energy 

efficiency. 

Results vary by end use. (EIA, 2017d) This is to be expected, since changes in energy consumption 

depend upon how technologies evolve and how stringent regulations are for each end use. Total 

energy consumption (all fuels) by residential end use (including purchased and non-marketed 

renewables, mostly rooftop solar photovoltaic) is projected to increase 0.1%/year (decrease -0.1%/y 

with CPP). Energy consumption by end use is projected to decrease for computers and related 

equipment (-3.4% or -3.5% with CPP), lighting (-1.0% or -2.0% with CPP), clothes washers (-1.2% or -

1.3% with CPP), freezers (-0.4% or -0.5% without CPP), furnace fans or boiler circulation pumps (-

0.4% or -0.5% without CPP), and space heating (-0.2%/y). Total residential energy consumption is 

projected to increase for dishwashers (1.1%), clothes dryers (0.8%, 0.6% with CPP), cooking (0.7%, 
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0.6% with CPP), other (0.5%, 0.4% with CPP), televisions (0.4%, 0.3% with CPP), space cooling 

(0.2%/y, -0.2% with CPP), and water heating (0.1%, 0% with CPP).  Total residential energy 

consumption for refrigerators is projected to decline until 2030, then grow again, on average 0.2%/y 

for 2016-2050 (0.1% with CPP).  

Total nonmarketed renewables in projected to grow 8.5%/y (8.6% with CPP), mostly solar 

photovoltaic (+9.7%/y). Total residential purchased electricity is expected to increase at 0.4% per year 

(or 0.2% with CPP). Total delivered residential natural gas is expected to increase 0.1%/y. 

After the AEO 2017 projections were completed, U.S. executive branch leadership changed in 

January 2017, and began reversing the Clean Power Plan. Current expectations are that federal 

efforts for efficiency improvement will slow down, introducing uncertainty into future expectations.  

On the other hand, many states, utilities, and cities have adopted policies intended to continue 

improving energy efficiency. As of January 2017, twenty-six states have energy efficiency resource 

standards. (ACEEE, 2017a) Utility electricity efficiency programs in 2015 saved about 0.7% of U.S. 

retail electricity sales.  Three states (RI, MA, VT) saved over 2% of retail electricity sales. Two utilities 

saved over 3% per year. (ACEEE 2017b). National spending on utility energy efficiency programs (all 

sectors) reached $6.3 billion in 2015, plus $1.4 billion for natural gas programs. California and 

Massachusetts received top efficiency scores overall (45 of 50). Rhode Island, Massachusetts, and 

Vermont had highest scores for utility and public benefit programs and policies; California, 

Massachusetts, Illinois, New York, Vermont, and Washington received top scores for building energy 

codes; and California was ranked first among states in appliance efficiency standards. (ACEEE, 2016) 

Most states have increased energy efficiency programs, while some have retrenched. 

Globally, cities are responsible for about 70% of energy demand and energy-related carbon dioxide 

emissions. (IEA, 2016) Like states, cities are diverse in their approaches to energy efficiency. 

(ACEEE, 2017c) In a study of 51 large U.S. cities regarding energy efficiency efforts, 32 improved 

their scores compared to the previous year, and 17 had lower scores. Among the surveyed electric 

utilities, spending on energy efficiency programs ranged from 0.03% to 9.82% of utility revenue.  

Incremental electricity savings ranged from 0.02% to 3.15% of retail sales in 2015. The six top-ranked 

cities were Boston, New York, Seattle, Los Angeles, Portland, and Austin. Chicago was ranked 7
th
. 

From 2010 to 2015, Chicago reduced its carbon emissions by 7 percent, equivalent to a per capita 

decrease of 8%, during a period with population growth and 12% economic growth. (Chicago, 2017) 

 

DISCUSSION and LIMITATIONS 

The historical and projected emissions include effects from energy efficiency policies, changes to the 

energy supply mix, and changes to demographics and the economy. While energy efficiency is only 

one of the causes of changes to emissions, ex ante estimates starting decades ago of individual 

energy efficiency policies suggested that they would have a major effect, accumulating over time.  

Significant energy efficiency programs include federal mandatory energy performance standards and 

labels, state-regulated utility programs and building codes. Limited retrospective studies indicate that 

these programs are achieving energy savings. 

A comparison of the results from Energy Information Administration analyses and a compilation of 

estimates from individual programs can be made.  For example, ratepayer-funded utility energy 

efficiency residential and low income programs are estimated to save 8.4 TWh in the U.S. in 2015 and 

over 26 TWh including all programs (residential, low income, commercial and industrial, and other) 

(CEE, 2017).  

Additional opportunities for savings from energy efficiency exist and have been quantified in studies of 

potentials.  For example, updates to U.S. appliance standards could save an additional 215 TWh 

annually by 2035 and 335 TWh by 2050.  These would reduce annual carbon dioxide emissions by an 

additional 200 million metric tons in 2050. (de Laski, 2016) The decisions of national and subnational 

governments (states, cities) will determine the extent to which savings are pursued and achieved. The 



 

218 
 

extent to which energy efficiency savings need to be increased to meet emissions targets could be 

calculated. 

The analysis could be extended to other residential fuels, especially natural gas, and to commercial 

and industrial sectors. Extensions of this analysis could address how changes to energy supply 

account for additional carbon dioxide emissions reductions, beyond the energy savings from energy 

efficiency.  

CONCLUSIONS 

The cumulative impact of energy efficiency policies on residential electricity consumption is significant, 

and is almost completely offsetting growth in consumption of residential electricity from increasing 

income, and number and size of households in the United States. Figure 5 shows that growth rates 

for carbon dioxide emissions from residential electricity are declining over time (and could become 

negative) in part due to decreasing consumption of residential electricity, while growth in income and 

numbers of households continues. From 1997 to 2007, projected growth in residential electricity and 

related emissions have been greater than the growth in households. After 2007, growth in residential 

electricity and (even more so) emissions have been declining. 

Since 1997, projected growth in income has been in the range 2.1-3.1% per year, while projected 

growth in number of households has been in the range 0.8-1.1% per year. Projected growth in 

residential electricity has declined from 1.6-1.7% (1997 and 2002) to 0.10% (2017), consistent with 

the actual change of 0.12% per year (2007-2016). Carbon dioxide emissions from residential 

electricity were projected to grow 1.5% per year in 1997, 1.4% per year in 2002, 1.3% per year in 

2007, then 0.1% per year in 2012 and 2017 (without the Clean Power Plan).  Implementation of the 

Clean Power Plan had been expected to reduce growth in residential electricity to 0.2% per year and 

change emissions to reductions of -0.7% per year. 

 

Figure 5. Residential electricity and emissions are decoupling from growth in income and 

households 
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This progress is complemented by shifts in energy supply toward less carbon-intensive sources, 

which are not analyzed in this paper.  Cumulative savings in 2015 from programs to date are 

estimated to be about 17-33% of annual U.S. residential electricity consumption. While photovoltaics 

account for less than 1% of residential electricity consumption in 2015, renewable generation is 

growing much faster (photovoltaic +9.7%/y) than efficiency savings (+2-3%/y). The combined effect is 

to reduce U.S. energy-related carbon dioxide emissions (all sectors) per capita from about 20 metric 

tons in 1990 (when expectations were that these would rise to around 21 metric tons per capita by 

2010-2015), to 16.3 metric tons per capita in 2015, with projections in 2017 that these could decline to 

14.0 in 2050 absent any new initiatives (or 12.7 with the Clean Power Plan). 

The United States is a major consumer of energy, with households consuming on average about 

12,000 kWh per year, with large differences among states.  This paper shows that energy efficiency is 

having an essential effect, offsetting growth in households and income, with the potential to do more.  

The current average pace of change is not sufficient to meet U.S. long-term greenhouse gas emission 

reduction targets. 

The potential remains to increase incremental savings several-fold. Future increases in federal, state, 

or local energy efficiency efforts – including bringing all up to the performance of the most efficient 

states, utilities, and cities – offer the potential to significantly decrease carbon dioxide emissions. On 

the other hand, reversals of policies could erode the expected savings. 
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TABLE 1. Legislation and regulations included in Annual Energy Outlook reports 

Year Legislation and regulation Notes 

1997 Energy Policy Act of 1992 (EPACT92) 
Clean Air Act Amendments of 1990 (CAAA90) 
Omnibus Budget Reconciliation Act of 1993 (adds 4.3 cents per 
gallon to Federal tax on highway fuels) 
Climate Wise (EPA), Climate Challenge (DOE) (voluntary] 
Federal Energy Regulatory Commission (FERC) Orders 888 and 889 
(open access to transmission lines in electricity markets) 

 

2002 Updates to National Appliance Energy Conservation Act of 1987 
(NAECA87) (e.g., residential water heaters, clothes washers, central 
air conditioners and heat pumps, natural-gas-fired water heaters and 
furnaces) 
Electricity Markets: State Restructuring and California Energy Crisis 
Production Tax Credit for Renewables 
Diesel Fuel Quality Standards, Relaxed Standard for Reformulated 
Gasoline in the Midwest, Low Emission Vehicle Program 

Excludes Kyoto 
Protocol (not ratified). 
Excludes appliance 
standards for 
distribution 
transformers and 
residential furnaces 
and boilers (not final) 

2007 Energy Policy Act of 2005 (EPACT05) 
Fuel Economy Standards for New Light Trucks 
Regulation of Emission from Stationary Diesel Engines 
Federal and State Ethanol and Biodiesel Requirements 
Federal Fuels Taxes and Tax Credits 
Electricity Prices in Transition 
State Renewable Energy Requirements and Goals; Update Through 
2006 
State Regulations on Airborne Emissions: Update Through 2006 

Excludes Regional 
Greenhouse Gas 
Initiative and 
California Greenhouse 
Gas Legislation 
(regulations not final) 

2012 Greenhouse gas emissions and fuel consumption standards for 
heavy-duty vehicles 
Cross-State Air Pollution Rule (CSAPR) 
Mercury and air toxics standards (MATS) 
Updates State air emission regulations 
California Assembly Bill 32: The Global Warming Solutions Act of 
2006 
State renewable energy requirements and goals: Update through 
2011 
California low carbon fuel standard (LCFS) 

Includes updates to 
appliance, lighting, 
and equipment 
standards 

2017 Updates to NAECA87 (e.g., fluorescent lamp ballasts, room air 
conditioners, central air conditioners and heat pumps, water heaters, 
refrigerators and freezers, furnaces, clothes dryers, boilers), 
EPACT92 (e.g., building codes, lighting), and EPACT05 (tax credits, 
distribution transformers), EISA07 e.g., (incandescent and halogen 
lamps) 
California SB-32 (GHG 40% below 1990 by 2030) 
Federal Greenhouse Gas and Fuel Efficiency Standards for medium- 
and heavy-duty vehicles 
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Metrics to Assess the Value of National Market Monitoring, 
Verification and Enforcement Programmes – Phase I 

Nicole Kearney and Michael Scholand, CLASP 

Abstract  

Energy efficiency standards and labelling (S&L) policies and programmes are the cornerstone of 
successful national energy and climate change mitigation programmes around the world. However, 
without monitoring, verification and enforcement (MVE) schemes, S&L initiatives risk being 
marginalised and could fail to have any impact. Establishing a robust MVE infrastructure ensures 
credibility and market impact of S&L activities. Consistent, effective and visible MVE of product energy 
consumption and performance helps realise the benefits expected from S&L programmes.  In 
establishing a fair and level playing field, a robust MVE programme encourages greater levels of 
investment and innovation in energy-efficient products.  It ensures that practitioners have access to 
timely and accurate market information. 
 
All stakeholders – businesses, consumers and policymakers - benefit from governments introducing 
and maintaining a long-term, sustainable MVE programme. Benefits are derived from ensuring a level 
playing field, not being undercut by competitors, ensuring truth in advertising, and being able to 
capture energy savings and policy objectives.  Despite the clear benefits of implementing a robust 
MVE framework to safeguard the impacts of S&L policies, many governments have not prioritised the 
development or implementation of MVE strategies. Often, policymakers lack the resources required to 
develop comprehensive programmes, including the costs, the staff, and the geographical spread 
required to reach all market entry points. 
 
The first phase paper looks at the MVE programmes in Australia, Ghana, Sweden and the UK, 
identifying key attributes where the governments are looking at key performance indicators and 
metrics, and demonstrating how MVE schemes are integral components of government-run national 
market transformation programmes. If more governments around the world invested in strengthening 
and improving MVE frameworks like governments of our case-study countries, more economic and 
environmental benefits from standards and labelling (S&L) will be achieved.  
 

Introduction 

Energy efficiency standards and labelling (S&L) policies and programmes have proven to be highly 
effective in stimulating the development of cost-effective, energy-efficient technologies, and are the 
cornerstone of successful national energy and climate change mitigation programmes around the 
world. In the fight against climate change, S&L for appliances offer enormous carbon savings 
potential, through reduction in energy used, and are highly cost-effective for consumers. 

Establishing a functional monitoring, verification, and enforcement (MVE) infrastructure is critical to 
ensuring the credibility and market impact of S&L policies and programmes. Consistent, effective and 
visible MVE of product energy consumption and performance helps realise the benefits expected from 
S&L programmes. A robust MVE programme offers manufacturers and importers a fair and level 
playing field, and encourages greater levels of investment and innovation in energy-efficient products. 
Effective MVE programmes not only ensure that cases of product non-compliance are detected and 
addressed, but it also enables practitioners to collect timely and accurate market information to set 
and maintain appropriate, cost-effective energy-efficiency requirements. 

Despite the clear benefits of implementing a robust MVE framework to safeguard the impacts of S&L 
policies, many governments have not prioritised the development or implementation of MVE 
strategies. Often, policymakers lack the resources required to develop comprehensive programmes, 
including the costs, the staff, and the geographical spread required to reach all market entry points. 
The development of MVE frameworks are not prioritised and any MVE efforts are often explored after 
the S&L programme has been established. Resources and cost/benefit analyses are often focused on 
the standards or labels themselves, rather than on the consequences of weak or no enforcement. If 
policymakers were to conduct MVE-focused impact assessments, they would be able to quantify the 
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impacts of MVE programmes, thereby building a rationale for MVE with a justification for targeting 
efforts and spending on compliance-focused activities.  

This first stage of our research project focused on assessing the current baseline of MVE 
programmes of a small sample of countries, and to understand whether policymakers found it 
necessary to measure the cost vs. benefit of their MVE schemes. The second stage of our research 
(which is on-going at the time of this paper) focuses on identifying and developing metrics that could 
be helpful in demonstrating the return on investment that governments can expect from robust MVE 
activities.  

Our experience working around the world is that governments who do invest in a better MVE 
framework earn greater economic and environmental benefits for their citizens. However, through our 
interviews we found that many countries simply operate the programmes without any or very few 
metrics or key performance indicators. We found that very little is done to assess the impacts and 
benefits of different MVE activities, and that oftentimes the level or type of resource invested in MVE 
is not dependent on or linked to the potential impacts. The paper discusses the value of MVE to 
various stakeholders, including market-players and governments, and summarises the findings from 
the various policymaker interviews that were conducted. 

The Value of MVE Programmes  

A robust compliance programme requires three main components – monitoring, verification and 
enforcement - to be the most effective and impactful:  

 Monitoring involves comprehensive monitoring or surveillance of the market to give an 
accurate picture of products available on the market, which informs analysis of the progress 
of the S&L programme and compliance of the programme. This process is essential for two 
different purposes. Firstly, it ensures that timely and accurate market information is used to 
set appropriate, cost-effective efficiency requirements through collaboration with regulators 
and public authorities, acting in cooperation with industry, civil society and other key 
stakeholders. Secondly, it helps identify cases of potential non-compliance that require further 
verification.  

 Verification is about the understanding, selection and testing of products – the ability to 
develop, measure and ensure regulatory compliance. Testing activities and related services 
are therefore a key element in programmes’ abilities to accurately assess product 
performance and quality. Testing activities can also support manufacturing and ensure market 
protection as part of an integrated, comprehensive MVE framework. Where verification testing 
identifies cases of non-compliance, these should be followed up by proportionate 
enforcement actions.  

 Enforcement refers to the actions taken by an authority in response to investigated and 
confirmed incidents of non-compliance using a suite of timely and appropriate actions. These 
actions are taken within the rules of an energy-efficiency programme, are built on rigorous 
testing, and will yield a high return in terms of market and consumer protection. Enforcement 
actions safeguard the benefits of S&L policies by ensuring that non-compliant products are 
removed from the market and that non-compliant manufacturers, importers and retailers are 
held accountable for their actions. 

Through investment in MVE, governments help to ensure they maintain high compliance rates which 
in turn safeguard the credibility of S&L policies and programmes. If governments fail to address issues 
of non-compliance, it can lead to serious long-term consequences through the erosion of consumer 
confidence. Instances of non-compliance, which can mean that consumers pay for performance that 
they do not receive, erodes credibility and can lead to lawsuits and compensation claims. 

Ensuring high compliance rates also protects the investments made by responsible, compliant 
industry participants who manufacture and supply energy-efficient products. Without adequate 
enforcement, the compliant industry participant is penalised through a loss of economic returns and 
competitive advantage, creating a disincentive for companies to invest in innovation. 
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Thus, improving compliance rates will help secure the objectives of S&L policies and programmes - 
greater energy savings and reduced emissions of greenhouse gases. Developing and maintaining a 
strong compliance regime may appear difficult and resource intensive, however the benefits identified 
show that investment in compliance and enforcement regimes has a major impact on the success of 
programmes. 

MVE Safeguards Benefits of Standards and Labelling Policies 

Estimates were developed that attempt to quantify the benefit of MVE in Europe and the UK [1]. The 
UK Department for Environment, Food and Rural Affairs conducted a study that estimated the 
financial and CO2 savings benefit from MVE. Due to the lack of hard data, the study was based 
primarily on assumptions and expert opinion. As a first-order estimate, this study provided an order of 
magnitude of the costs and benefits associated with market surveillance to help inform decision 
making. 

The UK study prepared a conservative estimate of 6.2% of non-compliance in the UK market.  It then 
derived an estimate of the cost of addressing these 6.2% of models to ensure the regulations achieve 
full compliance based on the following assumptions: 

• 40% of products deviating only within the legal tolerance avoid 20% of the cost; 

• 8% of products deviating by one energy label class avoid 50% of the cost; and 

• 2% of products deviating by more than one energy label class avoid 100% of the cost. 

Based on those assumptions the study estimates
104

 that 14% of the costs to manufacturers from 
achieving full compliance would be incurred in achieving the remaining 6.2% reduction in energy 
consumption. If that rate of non-compliance is applied to the overall projected benefits from improving 
compliance (such as reduced energy bills and CO2 savings) of £700m.  

Looking at the costs, the UK study took into account the heat replacement effect, which gives a 
benefit of around £34m, whereas the 14% rate costs not incurred by manufacturers would yield a 
benefit of £302m, resulting in a total net avoided present value of benefits of non-compliance of 
£336m.  Deducting that from the present value of potential energy savings of £700m means that 
overall, the total net present value of the cost of non-compliance was £364 million, or approximately 
€416 million Euro.   

In terms of CO2 emission savings, non-compliance results in the non-realisation of expected savings.  
In the UK study, the government conducted a detailed analysis of projected emission savings derived 
from 11 ecodesign measure that were adopted or very soon would be adopted in 2011.  Based on 
these products, the government found that impact was around approximately 7.2 million tonnes.  
Applying the estimated 6.2 percent of non-compliance would result in a lost savings of 0.4 million 
tonnes annually in the UK by 2020.   

MVE Benefits All Stakeholders  

All stakeholders benefit from governments introducing and maintaining a long-term, sustainable MVE 
programme. Three principal groups are discussed here – policymakers, businesses and consumers. 

Policymakers who establish S&L policies and programmes will be able to derive the benefits from a 
robust MVE programme in the following ways: 

• The collection of product-related data to help determine and update market baseline 
information, particularly where product registration and certification systems are established 
as part of the MVE programme; 

• Evaluate impacts and assess the effectiveness of the S&L policies and programmes, as well 
as determine where additional efforts need to be made to increase awareness, e.g., pro-
active engagement with the supply chain, helping stakeholders understand the requirements, 
the consequences of non-compliance, etc.; and 
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 The calculation is based on the following: (40% x 0.2) + (8% x 0.5) + (2% x 1) = 14%. 
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• Track the impact of S&L policies and programmes over time, enabling better overall 
management of the initiatives, and increasing likelihood of achieving key environmental, 
economic, and policy objectives – including the reduction of CO2 emissions. 

Businesses operating in the supply chain of regulated product, including manufacturers, importers, 
distributors and retailers, also experience multiple benefits from a robust MVE programmes: 

• Provides all businesses with a fair and level playing field, ensuring that investments made to 
comply with regulatory requirements are not undercut by competitors disregarding the 
regulations; 

• Encourages businesses to invest in technological innovation and energy efficiency 
technologies; and 

• Enables businesses to report to government officials should they find instances of competitor 
non-compliance, and prove themselves a better-quality product provider. 

Consumers and end-users also benefit from governments operating a strong MVE programme 
because it helps to ensure they get what they pay for (i.e., there is truth in the labelling), meaning that 
if they choose to purchase a more energy-efficient product or appliance, they’ll be assured of lower 
energy costs. 

 

 Figure 44. Summary of MVE benefits to the three main stakeholder groups 

 

Country Perspectives on Measuring MVE Impacts 

CLASP conducted a series of interviews with policymakers in four key countries with robust MVE 
programmes, and who are often identified as leaders of S&L best practice. We sought to understand 
the key attributes of their market surveillance work and whether or how they track the effectiveness of 
this work.  The overarching goal was to try and gather information on what key success factors and 
quality assurance metrics are in use today to track performance and demonstrate the value the MVE 
programme brings to the national economy. The countries interviewed were Australia, Ghana, 
Sweden and the United Kingdom.  

Questions focused on understanding the structure of the programme and key parties involved, the 
approaches for conducting market monitoring, verification testing and enforcement actions. In the 
context of the interview, governments were invited to offer information on any metrics that they use 
which are tailored to the implementing agency and/or the stage of MVE they are conducting. 
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Australia 

The Australian Equipment Energy Efficiency (E3) Program started in the early 1990’s with a goal of 
establishing a single national energy-efficiency S&L programme for Australia. Regulatory 
requirements are drafted at the national level

105
, but enforcement of the regulations is conducted at 

the individual state and territory authorities, with the level of compliance dependant on the resources 
that were made available by the local governments.  In 2012, the national Greenhouse and Energy 
Minimum Standards (GEMS) Act came into force at the national level, replacing the previous multi-
jurisdiction scheme.  Administered by the Commonwealth government, a GEMS Regulator was 
created who had national authority for monitoring and enforcing compliance under the Act. 

The GEMS Act also established GEMS inspectors to assist the Regulator with the MVE work based 
on the inspection, monitoring and investigation powers provided by the Act.  The Act offers some 
flexibility to the states, enabling GEMS inspectors to be supported by other experts with authority 
under the Act.  From a compliance perspective, the national-level focus has contributed to the 
creation of a national compliance team with a specific budget and more focused approach to MVE.  
Since establishing the national team, a range of MVE compliance guidelines and strategies to direct 
work have been developed, including compliance priorities and communication plans with 
stakeholders.  

The Australian MV&E regime is based on the mandatory registration of all regulated products (or 
families of products) before entering the market, at which time manufacturers and importers provide a 
claim of performance.  Suppliers are required to pay a five-year registration fee ranging from AUD440 
to AUD780 depending on the product category. These claims are then verified by Government testing 
of samples of products on the market. In addition, the Government also regularly surveys retail outlets 
for compliance with labelling display requirements and to check that all eligible products are 
registered. 

The GEMS Regulator ensures that industry understands the requirements of the programs through 
detailed information on the public website, leaflets and training programs, periodic conferences, 
consultation events with industry, and advanced notice to industry via direct mail. Meetings are also 
held with industry associations to discuss the requirements of the programs. For some product 
categories (e.g. incandescent lamps), the Australian Customs Service is responsible for alerting 
importers to the requirements.  

The Regulator conducts sampling of product from standard supply channels, conducts first-round 
tests – and if issues are found, purchases more units and conducts second-round tests. If a 
contravention is suspected, the Regulator starts by engaging in dialogue with manufacturers and/or 
issuing an automatic penalty. If the law has been breached, the inspector issues a notice and a 
financial penalty. Depending on the suppliers’ actions, the Regulator can then escalate the case to a 
court action and/or suspend, cancel or change the model’s registration in the database. Finally, if the 
supplier continues to violate the law, the Regulator can also pursue criminal charges. 

Extending beyond the borders of Australia, the GEMS Regulator also cooperates with New Zealand 
on issues pertaining to MVE where product regulations are shared between the two countries.  For 
more information, visit http://www.energyrating.gov.au/about/who-we-are  

 

Ghana 

Ghana has had established national S&L policies on consumer products for over ten years, including 
refrigerators, non-ducted air conditioners and compact fluorescent lamps. The enforcement authorities 
in Ghana who check compliance are part of the office of Customs, Excise and Preventive Services 
(CEPS) of the Ghana Revenue Authority.  CEPS is supported in this work by inspectors from the 
Ghana Energy Commission and the Ghana Standards Authority.   

To strengthen its MVE activities, Ghana conducted a programme under the UNDP/GEF project - 
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 Australia has regulations on a wide range of consumer products and commercial equipment, including lighting, air 
conditioning, refrigeration, motors, transformers and more. The complete list of products can be found at:  
http://www.energyrating.gov.au/suppliers/registration/regulated-products  

http://www.energyrating.gov.au/about/who-we-are
http://www.energyrating.gov.au/suppliers/registration/regulated-products


 

228 
 

“Promoting of Appliance of Energy Efficiency and Transformation of the Refrigerating Appliances 
Market in Ghana”, 2011-2014.  The work carried out included: training and public outreach; 
establishing used appliance collection and disposal facilities, and a rebate/exchange scheme for 
refrigeration appliances.  This project also included direct support to the MVE work, establishing a 
refrigerating appliance test facility. 

Any importer or supplier of a regulated product is required to supply technical documentation on each 
product, including a description of the product and certified test reports of relevant measurements. 
The importer is required to submit a test report on the energy efficiency of the product from a third-
party laboratory to the Energy Commission before goods arrive at the point of entry. 

The enforcement authority of Ghana has the authority to enter any premises where they have reason 
to believe a product is being manufactured or sold (if given a court order), to inspect the product and 
technical documentation and seize the product for testing.  Products may also be purchased from the 
same market channels used by consumers and then tested in the government laboratories. 

Compliance activities in Ghana are shared between the Energy Commission (focusing on products 
meeting minimum efficiency performance standards (MEPS) and labelling requirements), the 
Environmental Protection Agency (focusing on harmful chemicals or hazardous substances) and the 
GSA which can look at all regulatory standards including health and safety.   

Ghana also conducts education and outreach programmes, to ensure that businesses who 
manufacture and import regulated products are informed of the requirements, as this can often be 
used as a reason for failing to comply with the national S&L policies.  For example, on refrigeration 
appliances, Ghana conducted training workshops for several hundred refrigerating technicians across 
the most important cities and towns in the country, training to mass media reporters on principles of 
energy efficiency, standards and labelling, and preparation of materials for radio and television 
broadcast. 

The Energy Commission also conducts monitoring surveys to engage with consumers and retailers on 
energy efficiency and the importance of compliance. The Commission engages with importers to 
ensure that they understand their obligations.  And if non-compliant products are found, the 
companies involved are invited to meet the Commission for a briefing on their findings and how to 
meet the requirements. Furthermore, the cost of the enforcement action (including testing and staff 
time) is charged to the supplier.  If convicted, the guilty party can also have an imprisonment term 
applied to them.  If the offence is committed by a company, the management team of the company 
are all considered liable. 

Ghana is an active member of ECOWAS, the Economic Community Of West African States. The 
ECOWAS Centre for Renewable Energy and Energy Efficiency (ECREEE) develops regional 
appliance Standards and Labelling (S&L) scheme (as part of an overall Energy Efficiency Policy) 
across ECOWAS Member States, which includes MVE.  

Sweden 

In Sweden, the authority responsible for coordinating all Swedish market surveillance is Swedac, the 
Swedish Board for Accreditation and Conformity Assessment. Part of Swedac’s responsibilities 
include the enforcement of the European Ecodesign and Energy Labelling Directives

106
.  Swedac 

convenes and chairs the “Market Surveillance Council” which consists of sixteen market surveillance 
authorities from around Sweden as well as two critical national bodies – the Swedish Customs 
Services and the Swedish National Board of Trade.   

The tasks of the Market Surveillance Council are given as follows: (1) to act as a national coordinating 
body for issues relating to market surveillance; (2) to promote cooperation and efficiency; (3) to 
organise a continuous exchange of experiences; (4) to be responsible for disseminating information 
on market surveillance; (5) to facilitate contacts between the general public and the business sector 
and the market surveillance authorities; (6) to promote cooperation with market surveillance 
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 Sweden, as part of the European Union, is subject to the regulatory requirements on a wide range of consumer products and 
commercial equipment under the Ecodesign and Energy Labelling directives.  The list of ecodesign products can be found 
at: https://ec.europa.eu/energy/sites/ener/files/documents/list_of_ecodesign_measures.pdf.  The list of energy labelling 
products can be found at: https://ec.europa.eu/energy/sites/ener/files/documents/list_of_enegy_labelling_measures.pdf  

https://ec.europa.eu/energy/sites/ener/files/documents/list_of_enegy_labelling_measures.pdf
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authorities in other EU member states; and (7) to annually prepare and implement a national action 
plan for market surveillance. 

Market surveillance activities in Sweden are normally based on risk assessment, trying to target 
efforts primarily toward products or companies that may be suspected of not conforming with 
mandatory requirements and where consequences of non-compliance can be particularly serious.  
Sources of information that guide this risk assessment include previous inspections, complaints, 
accident reports, web-crawler data, official database analysis, and so-on.   

Sweden recognises that non-compliance can very often be attributed to ignorance of regulations that 
apply to products placed on the market.  Thus, the Swedish authorities conduct wide-spread 
communications campaigns to provide information, education of stakeholders and dialogue to ensure 
they understand the requirements.   

If an enforcement proceeding is going to be brought against a company, the authorities have a 
number of different possible penalties at their disposal.  These range from administrative measures 
such as preventing the sale of the product, re-labelling a product or forcing the recall of a product, all 
the way to penalty charges and criminal proceedings.   

Sweden does not have general method for evaluation of market surveillance, but they are 
participating in an EU Commission Task Force that is looking into evaluation of this work and they 
conduct their own assessment based on follow-up with market surveillance plans that are drafted for 
the various sectors.  For example, government authorities are able to address which activities in the 
plan were carried out and which were not – and the evaluation and reporting takes place as part of 
these activities. 

United Kingdom 

In 2009, the UK enforcement of the European Energy Label regulations changed from being 
implemented at the local level with regional trading standards officers acting as the market 
surveillance authorities toward a new organisational structure.  Due to the high number of product 
regulations under both ecodesign and energy labelling, the new structure sought to consolidate the 
work under one responsible national ministry, the Department for Environment, Food and Rural Affairs 
(Defra). This team conducted a series of consultations on how best to structure market surveillance in 
the UK, offering stakeholders three options for consideration: 

1) Increasing the authority of the local trading standards officers to be the market surveillance 
authority for all regulatory measures; 

2) Transferring the function of market surveillance to an existing central government agency with 
a national perspective; or 

3) Adopting a hybrid approach where local trading standards officers would enforce regulations 
on consumer (domestic) products and the national entity would be responsible for enforcing 
requirements for professional and commercial products and equipment. 

The outcome of that consultation was the second option, considered to be the most cost-effective of 
the three presented.  Consultation respondents agreed that the decentralised nature of the trading 
standards officers could lead to inconsistencies in approaches to enforcement, and that centralising 
this work would resolve that issue. Following the consultation, the UK government established the 
National Measurement and Regulation Office (NMRO) for MVE activities on ecodesign and energy 
labelling and several other product-related regulatory measures.  The work was originally conducted 
out of Defra, which was then moved to the Department for Energy and Climate Change, and then 
later to the Business, Industry and Enterprise Ministry (BIS). In April 2016, the NMRO was merged 
with the Better Regulation Delivery Office (BRDO) to form “Regulatory Delivery”, which combined the 
functions of those two offices into one. 

Regulatory Delivery collaborates with a range of other government departments and agencies, 
laboratories, other market surveillance authorities across Europe, local authorities and other 
stakeholders to support its work. It should be noted that Regulatory Delivery’s general approach on 
enforcement is to engage in dialogue with industry, to help them comply with the law and avoid 
prosecution for unintentional mistakes. If a company is found to be out of compliance, typically the 
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team at Regulatory Delivery will contact them, discuss their findings and ask if they were aware of the 
regulatory measure. In general, the enforcement procedure only escalates to penalties if the company 
is found to be unresponsive or unwilling to address the issue. 

Regulatory Delivery is careful to purchase products from the same retail outlets that are used by 
normal consumers, so as to ‘sample’ from undisclosed locations in the market.  These products are 
then tested using the approved test methods and the results are compared to the requirements. When 
conducting its sampling, Regulatory Delivery follows a risk-based approach based on existing market 
intelligence. Examples of this ‘market intelligence’ include historical data, consumer or business 
complaints, reputation for compliance of a manufacturer, and so-on.  If Regulatory Delivery finds an 
issue, then they will engage in dialogue with that manufacturer to try and understand why a given 
product was found to be out of compliance. Regulatory Delivery has a procedure it follows, involving 
both formal and informal measures that it will then apply to encourage the manufacturer to comply. 

Indicators to Measure Impacts of MVE 

Indicators are applied to track the progress or a policy, programme or intervention into a market.  The 
indicators used can be subjective or objective, depending on what they are tracking. The features of 
an ideal indicator would be: specific, measurable, reliable and simple. Indicators should be able to 
assess the progress toward a specific outcome or goal, and provide information on whether the 
market is transitioning in that direction. 

Indicators are typically collected on an on-going basis, usually done in advance of a market 
intervention (in order to establish a baseline) and then on different occasions as the policy or 
programme is implemented.  There are two main types of indicators: 

• Input and process indicators – tracking the implementation of a programme, from the starting 
point (i.e., input indicators) through to the stages of execution of the MVE process; and 

• Outcome indicators – tracking the progress of a programme in achieving the desired outcome 
and/or established objectives. 

 

 

 Figure 45. Example of some key indicators that are contained in the stages of a MVE 
scheme 

Programme input indicators provide a measure by which one can assess how well the programme is 
being designed to run.  This will include for example the scope of the legislative framework, the 
authority granted to the implementing agency for MVE and the other government agencies with which 
it is cooperating in running the scheme.  Other input indicators include looking at the available test 
laboratory facilities, the resources assigned and the qualifications and expertise of the personnel.   

Process indicators are similar to the inputs, but they are indicators that are applied once an MVE 
scheme is running, to assess how well the impementing agency is following the defined process and if 
all the protocols are being followed.  Examples of indicators in the process phase are things such as 
the number of products registered, the number of in-store surveys conducted, how many webinars 
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and/or informational study sessions have been held, how many products have been tested and 
whether any enforcement actions have been carried out.  These indicators therefore provide an on-
going assessment of the effectiveness of the programme, to ensure it is working well as it carries out 
its important work in a regulated market. 

The outcome indicators are seeking to understand the impact on the market from combination of the 
S&L policies and programmes and the MVE scheme. Examples of some metrics that might be used 
here would be a comparison of the percentage products found in compliance before and after a 
defined period of time, whether there is a higher availability of energy-efficient models offered in the 
market, if there is a higher degree of public trust in the label and/or regulatory scheme, how much 
energy and CO2 have been saved through this action, and whether consumers have benefited from 
lower energy bills. Regarding the enforcement actions, it would also be interesting to understand to 
what level these responses were carried out before compliance was achieved, as this would tell a 
government whether the penalties it is carrying for non-compliant products is adequate or not. 

Conclusion  

Although the four countries profiled in this study have what are considered strong and robust MVE 
schemes, there are not many indicators or metrics used to assess whether these programmes are 
operating as efficiently as possible.  Emerging techniques are being applied now, such as web-
crawlers to look at products offered for sale, and to compare those models in various points in time, 
but for the most part, current programmes are generally operated on a basis that the governments 
know MVE is necessary to enforce S&L regulations.   

Indicators can be developed looking at the inputs and process of an MVE scheme, as well as on the 
outputs and impact. There’s not a clear or consistent approach to establishing metrics in part because 
programmes are designed differently and one size does not fit all.  

In the second phase of our research, we will develop a set of metrics and criteria which help to 
encourage interest and investment in MVE programmes, securing more benefits from S&L policies 
and programmes, benefiting all market players and helping governments meet their CO2 reduction 
targets.
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Abstract 

Topten is an international, independent, not-for-profit network of organizations engaged in fighting 
climate change and promoting sustainable consumption. One of its main tools is a consumer-oriented 
online search tool presenting the "best appliances" in various categories of products (home 
appliances, information and communication technologies devices, lighting, cars…) with energy 
efficiency as the key selection criterion. Topten is independent from producers and retailers and relies 
on a network of recognized product experts. Topten was first launched in Switzerland in 2000, at a 
time when: 

 Energy efficiency programs were often thought of at the national level. 

 Most energy labels as we know today did not exist; the Ecodesign first framework Directive 
was not yet discussed; standard harmonization was not yet a topic; and resource efficiency 
and circular economy were barely-known concepts. 

 On the digital side, many tools that today condition consumers’ habits did not exist: on-line 
sales; big data and its exploitation; and social networks. 
 

Sixteen years after its launch, Topten is one of the rare non-governmental cooperative programs still 
active after such a long period: the Topten network is present in 19 countries and constantly adapts to 
this changing context, moved by the conviction that there are still significant energy savings to be 
tapped and that independent product experts are needed to support policy makers, professional 
procurers, individual consumers, institutions and the media.  

The paper presents the Topten concept, the program's impacts, and latest initiatives around the 
world. 

Introduction – Topten activities overview 

Topten was initiated in Switzerland in 2000. Six years later it was established at the European level (it 

is present in 16 European countries today) and in China in 2010. In 2015, it started in Chile and later 

on in Argentina, the last incorporation to the list of countries having a Topten initiative. 

 

Topten is collaborating with different target groups in order to accelerate market transformation 

towards more energy-efficient products. One of the main activities consists in identifying the most 

energy-efficient models in a range of domestic products (electrical appliances, gas appliances, cars) 

and displaying this information in a consumer-friendly way on the web. Based on the Topten website, 

consumer awareness-raising activities are undertaken. Topten also actively tries to influence policy 

design by providing recommendations on how to improve regulations regarding energy-efficiency 

labeling and minimum energy-efficiency standards. Additionally, Topten collaborates with retailers in 

order to further promote energy-efficient products and with producers of electric appliances, with 

whom there is a continuous exchange of information. Finally, Topten also provides recommendations 

to large procurers on products such as energy-efficient printers, computer monitors and lighting. 

 

We can summarize the four main domains of activities within Topten: 

 

1. The Topten websites provide information on energy efficiency for a large number of product 

categories. Thereby, Topten increases market transparency. As a result, Topten activities support 

an increase in market share of energy-efficient domestic appliances, cars and other home building 

components. Besides promoting energy-efficient devices, Topten also disseminates information on 

energy-efficient usage of appliances, such as washing at low temperatures, avoiding standby 

mode, or how to select the proper appliance. 
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2.  Topten is also active at the level of policy design by providing up-to-date information on energy-

efficient products to policy-makers. Amongst others, this includes provision of information for 

decision-makers, participation in consultation rounds, development of technical papers and 

methodologies, and networking with the stakeholders involved. As examples: i) the European 

Commission, or indirectly by informing other organizations that are actively lobbying for increased 

energy efficiency. These activities help to achieve more stringent or timely regulations regarding 

the labeling of energy-efficient products. As these improved regulations are implemented, energy 

is saved as compared to a scenario without improved regulations; ii) Topten is also actively 

pushing the introduction of new regulations for products that were not initially labeled in terms of 

energy efficiency; iii) The Argentinean and Chilean Topten offices have put their respective 

Ministries of Energy in contact regarding the energy labeling processes, which was detected as a 

topic that could be better covered if coordinated regionally. 

 

3.  Topten collaborates with retailers by providing information on the most energy-efficient products 

available on the market. As a result, the retailers are able to increase the supply of energy-efficient 

products, which finally increases the market share of energy-efficient products, and illustrates their 

"green" image with concrete actions. 

 

4.  Topten disseminates recommendations on energy-efficient products to large buyers such as large 

private companies and public procurers. In addition, in several countries there is a direct 

collaboration with large buyers, where Topten experts provide specific tailored advice to these 

professional buyers (but not professional in energy matters). 

 

 

Topten Impacts 

Topten covers a wide range of activities, from detailed market and technical studies to dissemination 

to various target groups including the general public [1]. This versatility offers many keys for 

evaluation. A city modifies its procurement policy; a utility decides on a rebate program; policy makers 

favor ambitious regulations; NGOs communicate on energy savings in homes in order to link 

individual behavior and climate change issues; retailers choose to adopt energy-efficient positioning 

and revise their product range; manufacturers develop new efficient models and strongly market 

them; consumers' demand for efficient models grow – Though these decisions depend on the 

strategies stakeholders decide to adopt, Topten may weigh, more or less explicitly, in all of these 

decisions transforming markets.  

 

Within the market transformation toolbox, Topten is considered as a "soft measure", a measure that 

definitely impacts the market on crucial aspects: it is a market shifter, a facilitator, an education tool, a 

decision-making aid. The resulting number of saved kWh can be best quantified in the framework of a 

structured and comprehensive evaluation project. Several evaluation studies have been carried out in 

order to evaluate Topten’s multiple impacts. The latest study that primarily aimed to quantitatively 

assess the impacts of Topten activities on electricity consumption and CO2-emissions from usage of 

energy-efficient electrical appliances was commissioned by WWF Switzerland to the specialized 

company INFRAS [1]. 

 

The impact assessment is confined to the time period 2006 -2014 and the most robust data concerns 

Europe (impacts from improved regulations cannot be confined to particular countries, as the 

regulations are implemented in all EU-countries). 

 

Cumulative electricity savings and CO2-emission reduction 

Based on the quantitative assessment, over the time period 2006-2014 cumulative electricity savings 

thanks to Topten amount to about 15 to 18 TWh, depending on whether a more conservative or a 

more optimistic scenario is assumed. With more than 70% of the total impact, activities related to the 
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policy-making process contribute with the largest share, the rest coming from activities intended to 

raise consumer awareness. 

 

The corresponding impact in terms of reduced CO2-emissions amounts to about 7.5 Mio. tCO2 under 

conservative assumptions. When assuming an optimistic scenario the reduction amounts to about 9 

Mio. t CO2. As in China, fuel-based production of electricity is more prevalent, and the impacts in 

terms of reduced CO2-emissions are higher in China as compared to Europe. 

 

Annual electricity savings at the regional scale 

Based on the quantitative assessment, Topten activities in Europe had an impact on the order of 

about 4 – 5.4 TWh in terms of annual savings. This results in savings of electricity costs of 800 to  

1 000 million Euros. These impacts can be put into relation with annual electricity consumption of 

households in EU-27, which amounts to 1 000 TWh in 2015. Thus Topten contributes to an annual 

reduction of the total electricity consumption by an order of about 0.4% - 0.54%.  
 

 

Particular new developments  

On the old continent: Topten Europe maintains and develops its activities  

The 16 European Topten websites work together currently under the umbrella of the Topten ACT 

project
107

, which runs since March 2015 and is funded by the European Commission (under its R&D 

program Horizon 2020). Besides a digital deployment planned for 2017 and using affiliate-marketing 

techniques (see below), a new development concerns the work on plug-in professional appliances 

that are starting to be regulated in Europe. Eight European Topten countries joined the "ProCold" 

project
108

 (starting in 2015) to stimulate the market for efficient professional and commercial 

refrigerators using green refrigerants.  

 

Regarding the input to the policy process, Topten makes explicit and transparent the status quo of 

efficient technologies on the European market and thus serves as the European reference on energy 

efficiency to further negotiate with governments and manufacturers. Though the policy process in 

Europe has been largely frozen while revising its framework laws on energy labelling and Eco-design 

requirements, notable Topten inputs are being included in two regulations to come. The first 

regulation, a major one as it frames the whole labeling system in Europe, is the revision of the Energy 

Label framework Directive. Many important aspects that Topten has been supporting for years (e.g. 

through publications
109

) will probably be included in the new Directive: an A to G label (as opposed to 

A+++ to D scale) with regular rescales once a majority of products are in the top classes, and 

inefficient classes that have been banned from the market greyed out on the Label. After rescales, the 

top class(es) should be empty to offer an incentive for further improvement. Since 2013, Topten has 

also been advocating for systematic market monitoring in the EU and a mandatory product 

registration with a public database. The new Labeling framework will introduce a product registration 

with a database, most information of which will be publicly accessible and the database will be 

searchable. This product database will fundamentally improve market transparency and has the 

potential to support systematic, horizontal improvement of all products and Labels in the future. It will 

provide an overview on the models in the market and their performance to consumers and policy 

makers, allowing the former to choose products based on more information and the latter to design 

effective Labels and MEPS (Minimum Energy Performance Standard). Furthermore, it will facilitate 

the work of Market Surveillance Authorities (MSA) and the international exchange and use of test 

results, and thus strengthen the Label’s credibility. 

 

                                           
107

 http://www.topten.eu 
108

 http://www.topten.eu/english/pro-cold 
109

 http://www.topten.eu/documentation 
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As an example of product regulation, Topten has recently provided input to the Electronic displays 

Ecodesign regulation and the current draft includes many of Topten’s recommendations, such as 

extending the scope from TVs to other electronic displays; defining new, more ambitious MEPS 

levels; shifting from a linear efficiency approach to a progressive one that will make it more 

challenging for large, high-consuming displays to reach good efficiency levels; resource efficiency 

requirements applying to all display types; and including the ‘quick start’ function into the Standby 

power requirements. Comparison of the MEPS levels with information from Topten show that even 

tier-3 levels are already met by the best products today. More ambitious MEPS levels could be 

considered. Other key recommendations by Topten concern the scope of the energy efficiency 

requirements and Standby power requirements.  

 
 

China: Top10 label paved the way to the digitalization of the mandatory label 

The total energy consumption of China accounts for 22% of the world’s whole consumption. In 2014, 

household energy consumption in China was 693 TWh, an increase of 2.2% compared to 2013 [3]. 

Since 2004, China has a mandatory ‘China Energy Label’ which covers 34 products categories, most 

of which are household appliances, such as: air conditioners, televisions, washing machines, 

refrigerators, water heaters, etc. 

 

But 9 years after the implementation of this label, in 2013, after a 
survey covering more than 10.000 consumers that was carried out by 
Top10 to better understand Chinese consumers’ decision-making 
process, Top10 China realized that there was still a great number of 
consumers that weren’t aware of the energy label or didn’t completely 
understand it.  
 

The outcomes of this research indicated that 65% of consumers 

never checked the data on an energy label because they couldn’t 

understand it; and that, at the same time, 85% of consumers would 

consider life cycle cost if they were told about it. They’ve also 

encountered some basic confusion such as: 25% of consumers 

thought if a product has an energy label, it means that it’s an energy-

efficient product; and that 27% of consumers couldn’t tell which 

product was more efficient on the label’s efficiency scale. 

 

 

Figure 1. First version of  

Topten Energy Saver sticker  

(2013) 

 

With this information, Top10 China started to design Top10 energy saving stickers (Figure 1). The aim 

of the sticker was to be a useful complement of the Energy Label, easy to read, focused on best-

efficient products, and covering life-cycle costs. Stickers were updated along with market changes, 

every six months. 

 

The same year, the sticker was produced and applied, covering 5 product categories: TVs, 

refrigerators, washing machines, air conditioners and water heaters. In each category, Top10 

selected around 20 products (the most efficient models) to which to apply the sticker. 

 

This sticker provided the following information to consumers in addition to the mandatory label: 

- Product information 

- Energy consumption in 5 years (In RMB, not in kWh, since it’s easier to understand and more 

direct for consumer) 

- Energy savings in 5 years (also in RMB) 

- Sufficiency information (suitable for what sized household and room, etc.)   
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To make this sticker was visible and useful for consumers, Top10 

signed a MOU with Gome, which is China’s largest household 

appliances store chain with more than 1 700 stores, and the sticker 

was deployed in 300 flagship stores in megacities. Also, this contract 

included practical studies of Top10 stickers in 300 flagship stores in 

the four biggest cities in China: Beijing, Shanghai, Guangzhou and 

Shenzhen from March 2013 to December 2014.  

 

At the same time, training programs were designed and in-store 

salesmen were trained to better explain the sticker and answer 

consumers’ questions. A small-scale face-to-face survey was carried 

out with 40 Gome salesmen, who have first-hand experience dealing 

with consumers in-store. They gave a lot of practical suggestions, 

such as: in the sticker, a product’s total energy consumption within 5 

years was calculated but, for consumers, annual energy consumption 

might make more sense; for some products, this was changed in the 

second version of the sticker. 32 salesmen thought this sticker is 

helpful to both sell products and help consumers (see Figure 2). 

 

The third version of the sticker, applied in 2014, added a QR 

code. With this improvement, consumers can scan the QR code 

and be directed to the Top10 website to check more details of 

the products they’re interested in purchasing. They’ve also made 

the money savings more visible on the sticker, as this was the 

information they’d identified as most important to consumers. 

 

Analysing the sticker’s impact, the feedback of salesmen, the 

consumer survey results and sales data, can show us how the 

sticker works for consumers. It is a fact that the Top10 sticker is 

a useful tool for consumers to identify best products and to make 

sufficient and efficient purchases. Also, people think it’s very 

important to have a third-party independent voice beside the 

mandatory Energy Label. The sticker also helps to sell products, 

but the influence is not very significant. 

 

Measuring the impact in sales is not easy because of business 

confidential considerations, which makes the detailed sales data 

difficult to obtain from retailers. But they’ve provided sales 

ranking lists before and after the sticker period. In total, 55% of 

Top10 labelled products’ ranking has increased, 43% has 

decreased and 2% remains the same. This result is also 

influenced by market change, seasonal promotion and other 

elements. 

 

One of Top10’s problems with having an impact on sales is that it focuses only on the most efficient 

products and selects around 20 market-available product models from each category, while in the 

actual stores, it is highly unlikely to have all the 20 models displayed because space is limited. 

Manufacturers will only choose what they want to promote the most to display in the stores, so branch 

stores’ display preferences may vary a lot, and they don’t use energy efficiency as a marketing 

strategy. This can be blamed on the manufacturers not being encouraged enough. Since in Chinese 

household appliance retailer stores, manufacturers send their own staff to sell products in stores 

along with retailer salesmen, and the cooperation was between Top10 and retailer, there was no 

direct communication between Top10 and brands. If manufacturers were more involved and gave 

Figure 46: 3
rd

 version of 
Topt10 energy saving 
sticker (2014) 

Figure 47: China Energy Label 
of a washing machine showing 
a QR code 
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focused displays or special promotion to products with Top10 stickers, the influence would have been 

emphasized. 

 

In conclusion, the Top10 sticker is a useful tool for consumers to identify the best energy-efficient and 

sufficient appliances, and it’s a complement for mandatory Energy Labels. It’s helpful for retailers 

because it’s a new selling point with third-party endorsement and it’s useful for consumers because it 

provides easy and unbiased recommendations. How to involve manufacturers and how to select 

products needs to be developed in the future. 

 

The Top10 sticker also had an impact on energy labelling regulations. Since two years after the 

implementation of the QR code in the Top10 sticker, the Chinese official ‘China Energy Label’ decided 

to take the same path and added a QR code on each product label. This QR code directs consumers 

to a platform showing the product’s information along with how to choose, use and replace 

appliances. 

 

For example, if you scan the QR of a washing machine (Figure 3) you will find more information about 

washing machines in general, like: ‘How to choose washing machines?‘ and ‘How to use washing 

machines wisely?’. The information for these two sections is provided by Top10 China and also 

displays its logo, which illustrates the success of Top10’s work with the Chinese energy authorities.  

 

Chile: Online shopping and software development 

Top-Ten Chile was the first South American Topten platform, launched in August 2015. Top-Ten Chile 

is managed by Fundación Chile and supported by the Ministry of Energy and WWF-Chile to promote 

energy-efficient products.  

 

Chile can be considered a dynamic consumer economy, with a dominant and growing middle class 

that has now over 50% of the population. Today, the Chilean consumer is better informed, selective 

and competitive. The population in Chile is 18 million, and the number of households is 5.5 million. 

Consumers buy about 300 000 electricity/gas-consuming products and 400 000 motor vehicles per 

year. Since 2010, household electricity cost has increased by 20%. Consumer awareness on the use 

of energy-efficient products is slowly increasing. Over 50% of the national residential electric energy 

consumption comes from: refrigerators (29%), lighting (16%) and TVs (12%). In order to go forward, 

the government has established several programs, agencies, laws and targets in respect to the 

energy sector and in particular to Energy Efficiency, including energy labelling, MEPS and the Top-

Ten Chile project. 

 

Top-Ten Chile covers six products categories and 19 subcategories, including cars. What’s new in the 

software development of Top-Ten Chile is that through a “where to buy” button (Figure 4), the user 

gets the opportunity to know the actual prices of each product in the different online stores where it is 

being sold, and can be redirected to their web pages after they’ve evaluated the best option for 

purchasing. 
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Figure 48 Top-ten Chile’s "where to buy" option for a refrigerator, showing the different online 

stores where it's being sold and the different prices. 

Top-Ten Chile’s partner on this is Solotodo, a company that makes a database of Chile’s most 

important online stores, the products they’re selling and their prices. This database is updated every 

day, and due to the automatization between Top-Ten and Solotodo’s work, the prices and market 

availability shown in Top-ten’s web are also updated every 24 hours, keeping the information on the 

web real and dynamic and very easy to obtain. 

 

Adding the “where to buy” option allows consumers to buy the product directly from Top-Ten’s web. 

This tool provides a direct connection between informing the user about the most efficient products on 

the market and the user buying these products, which increases Top-Ten’s impact and making it, 

indeed, more efficient. 

 

This new feature gives Top-Ten the opportunity to work together with retailers and stores, and can 

end in settling new ways for funding or opening new communication channels. For example, in order 

to make Top-Ten Chile better known, the team has done important work to develop an automatic Top-

Ten sticker saying “product selected by Top-Ten.cl, opt for energy efficiency” than can be 

implemented in retail websites: if a product is Top-Ten, the sticker appears on the collaborating 

website and if it is not, the logo won’t be shown. This tool is very powerful to start working with 

retailers and brands because it is a concrete and very simple action. It is already present in 

Solotodo’s web (Figures 5 & 6).  

 

Top-Ten Chile’s software developments were so successful that they’ve been invited to work on the 

new Topten International platform.   

 

 

National communication campaign and website traffic 

Since November 2015, Top-Ten Chile has been creating contents related to energy efficiency, 

sustainability and recycling, among others. The development of these issues is made through articles 

where the main concepts are explained using a simple and clear language and writing closer to the 

ordinary user. The articles published on the website and the posts shared on social networking are a 

nexus to bring information that was previously related to technical content.  
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Figures 49 & 6 Top-Ten's logo on price comparator Solotodo's web (left) and Top-Ten virtual 

sticker design reading “selected by Top-Ten.cl, go for the energy efficiency” (right) 

Broadcasting platforms: There are currently 2 content sections: “Noticias” (News) and “En La Prensa” 

(In the press) where Top-Ten Chile publishes weekly articles related to energy efficiency and contents 

that talk about what is happening in Chile and around the world at that stage. These articles are 

shared on our social networks (Facebook and Twitter) with the objective of generating continuity 

between the development of contents and Top-Ten's users and followers. These publications helped 

achieve more than 4’700 followers in Facebook and 641 in Twitter. 

 

In addition, as it is a concrete and simple tool to help in the purchase decision of private users, 

companies and public purchasers, Top-Ten is often invited to several seminars and conferences in 

order to give lectures on “how make an efficient procurement?” and so Top-Ten Chile has been 

presented in several events lately. These opportunities enable to disseminate about the platform and 

help as well in the increase of website traffic. 

 

In total and thanks to all of these communication actions, here is the evolution of website traffic: 

 
Figure 7 Evolution of the monthly website traffic since the launch of Top-Ten Chile in August 

2015 thank s to all the communication actions. 

 

The different steps are: 

 August 2015: Top-Ten Chile launch 

 December 2015: Launch of the Top-Ten Chile communication campaign 

 March 2016: Launch of the paid campaign in social network and Top-Ten event on March 8th. 
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 During the last 8 months: average of 3.580 visits per month, whereas at the end of 2015 and 

the beginning of 2016 it was 1’000. 

 October 2015: 5’016 visits reached in one month thanks to a great impact due to the 

published articles. 

 February 2017: Summer period where a lot of Chilean people are on vacation. 

 March 2017: New increase of the visits to Top-Ten. 

 Since April 2017, Top-Ten Chile has been present in 3 main national events (feria FEMER, 

seminar “Creo en Chile” and an ASHRAE seminar) in which has given a lecture. These 

events has enabled to bring new visitors to www.top-ten.cl and more professional users. 

 

In total, since the launch of the website and until the end of June 2017, we have the following figures: 

61’000 visits to www.top-ten.cl, viewing 296’644 pages! 83% of the Top-Ten visitors are new users, 

so it shows that the number of users is increasing. 

 

Establishing partnerships with cities 

Following the successful example of the collaboration between Topten and Energy City in 

Switzerland, Fundacion Chile started to collaborate with Comuna energética, a management tool and 

an accreditation process for municipalities in Chile, to implement a financial incentive program for EE 

products. Comuna energética defines an energy management programme with goals and objectives 

providing interdisciplinary plans and actions (technological, educational, etc.) as well as short-, 

medium- and long-term processes to improve energy management in the municipality.   

 

In Chile and in general in the world, some of the main barriers for energy efficiency promotion are: 

lack of public awareness; high initial investment costs of efficient products; and the lack of information 

channels that provide confidence to users about available technologies and suppliers. 

 

In this framework, Topten Chile has worked on a project to articulate the bulk purchase of high-

efficiency LED bulbs for hotels and restaurants in the city of Temuco, a touristic area part of the CE 

initiative. In addition, a fund was obtained to install LED lamps in four social institutions of the town as 

well. This gave visibility to the Top-Ten initiative and website. 

 

In total, thanks to that massive purchase, Top-Ten achieved to group the purchase of 1.000 units of 

different LED lamps and providers offering very interesting prices for the LED technology (up to 60% 

discounts). This project was a great first initiative and it enabled different buildings to change all their 

lighting installations for efficient LED products. The global energy savings will be up to 50.000 kWh 

(equivalent to the annual electricity consumption of 40 houses in Chile) and the payback period will be 

less than a year. 

 

Additionally, Top-Ten Chile continues to develop its network working with more manufacturers and 

starting collaboration with retailers. Finally, this year, Top-Ten Chile has initiated its work with the 

Government about policy recommendations, developing a proposal for a new energy label for lighting, 

and a market study about the electronics appliances to provide evidence of the need of an updated 

energy label. 

 

Argentina: Media campaign, social media and strategic partners 
 

In Argentina, the residential sector is the second biggest consumer of energy, having in the last ten 

years overtaken the industrial sector. The energy consumption in homes keeps rising sharply, making 

the residential sector the one with the highest energy consumption increase index per year. The most 

used type of final energy at homes is natural gas (65%), with electricity consumption far behind (24%). 

Although there is a huge savings potential, energy-efficiency policies and regulations for the 

residential sector in Argentina come at a slow pace. Energy labeling has taken a big part but it has 

still a way to go, with other appliances to bear mandatory labels. 

http://www.top-ten.cl/
http://www.top-ten.cl/
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Topten Argentina was launched in December 2015 and currently shows five product categories with 

eleven subcategories. It is implemented by Fundación Vida Silvestre Argentina, a non-profit 

organization founded in 1977 and associated with WWF. Currently, Topten Argentina is being 

supported by the Ministry of Energy and Mining and has been working together with the Sub-

secretary of Energy Savings and Efficient use of Energy.  

 

Since the launch of Topten Argentina’s website, establishing relationships and working together with 

manufacturers, retail stores, press and governmental entities has been the key to a successful 

communication campaign. 

 

Manufacturers’ media channels allowed Topten Argentina to reach millions of people for free. Brands 

are key partners when it comes to reaching the public, since the market’s ferocious competition sets 

the perfect mood for them to look for new ways to promote their products. The green movement has 

already been established in marketing strategies and its impact on consumers’ decisions keeps 

growing, making Topten an attractive publicity.  

 

During the days after the launch of Topten Argentina, at least six of most Argentina’s biggest brands 

shared on their Facebook and Twitter accounts which of their products were selected by Topten, 

along with Topten Argentina’s link. The power of social networks these days allows a simple press 

release to have a significant impact reaching millions of people in no time, which makes it an excellent 

way to get the initiative known. 

 

Coming as a surprise, the support of celebrities had a huge impact too. 24 famous personalities freely 

shared information about Topten Argentina on Twitter, with a potential of eight million people reached 

and generating lots of retweets and sharing.  

 

Also, a more traditional media joined the launch: as a result of the work undertaken by the Topten 

Argentina relationships team, Clarin (the most-bought newspaper of Argentina) published an ad for 

two consecutive days for free. In addition, a Topten Argentina radio spot was broadcasted on 13 radio 

stations also for free. 

 

Retail stores also showed interest on spreading Topten’s initiative. This key ally interacts directly with 

people looking to buy a new product, so it has the highest impact on people’s decisions of purchasing. 

Topten Argentina was invited to host an event in one of Carrefour’s stores, where the team played a 

trivia with energy efficiency and energy saving questions with the public. This retail store, which is one 

of the biggest chains in the country, also had a Topten Argentina spot playing in 99 stores for one 

month. 

 

The press took an important part in this campaign too, sharing the news of Topten’s launch while 

taking the opportunity to talk about Argentina’s current energy situation. With the country’s energy 

prices rising quickly due to the elimination of subsidies for energy, the people’s interest in saving 

energy is therefore increasing. Topten Argentina’s coordinator was invited on television panels and 

interviewed by radio and virtual newspapers. Talking about energy efficiency and rational use allowed 

him to introduce the initiative and speak about Topten. 

 

Recently, Topten Argentina has implemented Google Ads and Facebook Ads, which helps maintain 

the pages’ views constant, while there is no media campaign taking place - it shows great results 

each month (Figure 8). 
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Figure 8. Topten Argentina pages’ views register, showing two periods in 2017: Feb-Mar with 

5,4 K total visitors and Apr-May, when the Google Ads and Facebook Ads’ campaigns started, 

with 32 K total visitors. The dotted line shows the same periods in 2016. Source: Google 

Analytics. 

 

 

Topten Argentina’s sticker  

 

Another goal in working with brands was the development of a Topten Argentina’s sticker, meant to 

be shown on displayed products to identify those that comply with the Topten selection criteria. This 

started with the marketing team of LG Electronics being interested in promoting their Topten products. 

Topten Argentina’s stickers are still displayed on LG’s Topten air conditioners (figure 8), refrigerators 

and washing machines. 

 
 
 

 
 
 

 
After seeing these stickers on LG’s products, other brands came to Topten Argentina asking for them. 
The competitiveness of the market makes this an excellent strategy to get the interest from 
manufacturers and brands.  
 
Finally, this year with the support of the Ministry of Energy, Topten Argentina will develop a Market 
Survey including the five categories of products to better understand the relation between energy 
efficiency levels, prices, sizes, etc. In addition, a Survey will be conducted in the main four cities of the 
country to reveal the perception of consumers on the energy-efficiency label, in order to find ways to 
improve its understanding and the label´s impact. 

Figure 9. Topten Argentina's sticker on a display LG air conditioner (left) and the new 
Topten Argentina's logo (right). 
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Conclusions 

Overall, the quantitative and qualitative impact assessment shows that Topten contributes to an 
increased market share of energy-efficient appliances and thereby account for a substantial reduction 
in electricity consumption and related CO2-emissions. With more than 70 % of the total lifetime 
electricity savings, policy advocacy work constitutes the main contribution. Impact increased strongly 
since 2011 and, based on the on-going activities, impacts are expected to continue to rise in the near 
future. 
 
The Topten program proves its relevance both in countries were the energy-labelling framework is 
being constructed and extended (e.g. Latin America), and in countries where it needs to be revised to 
reflect market evolutions (e.g. EU, China). There are still large energy savings potentials laying in the 
improvement of domestic appliances, without reducing comfort levels. They are relatively easy to 
reach in a global context – the Paris Agreement on mitigating climate change – making a duty to track 
each kWh that is not strictly necessary. 
 
The Topten network has gained in flexibility and adaptation capacities thanks to new initiatives 
developed in the countries that joined Topten in recent years (China, Chile and Argentina); they have 
nurtured the program, improving its diversity with new tools that adapts the program to different 
realities. 
 
Several characteristics of the Topten program lead to these strong results and long-lasting activities: 

 Topten's capacity to deal with all stakeholders in an independent way gives it a broad vision 
of the whole system and enables detecting weaknesses and possible ways to solve them. 
Very often stakeholders do not speak to each other, or they do it with other objectives than 
energy efficiency. In these cases, Topten helps to knit a stronger fabric on efficiency. 
 

 Topten's connectivity between countries and regions allows Topten to gather and share the 
experience obtained by several countries in different regions, which helps the program to 
evolve faster.  
 

 Topten's possibility to develop and adapt specific tools for different countries. 
 

 Its up-to-date information gives Topten the opportunity to follow the dynamic of the market, 
selecting and showing the most efficient products rapidly. Energy labelling processes take 
several years to adapt to the new technology environment. Topten can skip many of these 
processes, highlighting those efficient products almost immediately andgiving manufacturers 
an incentive to progress before national labelling systems do it. These activities provide a 
strong incentive for producers to invest in the development of products with improved energy 
efficiency and they facilitate the introduction of innovative products on the market, thereby 
accelerating market transformations towards more energy-efficient technologies. 
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Abstract 

Energy usage data analytics has the potential to unlock greater savings for energy efficiency (EE) 

programs by identifying high-opportunity customers. In this paper we develop and test specific 

customer targeting criteria for residential HVAC programs based on characteristics observed in 

customer interval usage data. The effects of these filters are observed for both energy (kWh) and 

peak-load (kW) savings. Applying these filters retroactively to recent residential HVAC program 

participants selects customers with significantly enhanced savings, as measured using weather-

normalized pre/post-billing analysis. Despite the potential suggested by this analysis, in California 

strategies to utilize data analytics for customer targeting have struggled to take root. How can 

programs bring ‘customer targeting’ from buzz word to the real world? What policies and utility 

business goals can motivate and reward successful targeting designs? Here we explore these 

themes. Finally, we discuss barriers to implementing customer-targeting strategies within EE 

programs and recommendations to overcome them. 

I. Introduction 

In the United States, more than $6 billion is spent annually on publically funded energy efficiency (EE) 

programs [1]. California accounts for nearly 20% of this figure, devoting about $1 billion each year to 

EE. Yet with nearly 14 million households, and one million commercial and industrial buildings in the 

State [2], a simple back-of-the-envelope calculation reveals the limited reach of this funding. Consider 

the residential sector, which accounts for roughly one-fifth of California EE spending ($200 million). If 

this funding were distributed evenly, each residence would receive about $15. This may be enough to 

replace a handful of light bulbs, but with more than half of California building stock constructed before 

implementation of the first EE standards in 1978 [3], it is nowhere near sufficient to drive the 

substantial retrofits
110

 needed to achieve the vision of a truly energy-efficient State.  

That only a small fraction of the total customer base can be reached through an EE retrofit program 

compels a question: How can resources be directed to the customers who will save the most energy? 

This paper explores how specific characteristics that are readily observed in customers’ pre-program 

energy usage data correlate with EE savings achieved at the meter. For this analysis we utilize hourly 

interval usage data from a recent residential California HVAC maintenance program. By rank ordering 

and filtering customers using metrics derived from their electricity usage we demonstrate the ability to 

increase per-capita metered savings from targeted customers. The filters developed here are 

straightforward to compute and apply and could be directly implemented in support of future program 

targeting. We observe that billing (monthly) data alone can be used for effective program targeting. 

Increasing EE program participation among customers who stand to save the most is not just a vague 

best practice. Increasing savings at the meter through effective customer-targeting strategies can 

                                           
110

 Deep home retrofits are currently the focus of the Advanced pathway of PG&E’s Energy Upgrade California (EUC) Program. 
In 2016 the average total project cost for an Advanced pathway retrofit was $18,700. In 2016 the Advanced pathway 
provided $7.2 million in incentives to 2,100 customers. While these numbers are impressive, the participation represents 
less than 0.05% of households in PG&E’s service territory. 
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demonstrably increase avoided costs and cost effectiveness. In particular, as Pay-for-Performance
111

 

program designs are established, and as EE policy goals intensify,
112

 program administrators, 

implementers, and regulators all have a stake in enhancing savings with data-driven techniques that 

incur little or no additional cost. Additionally, for EE to compete as a grid resource within the broader 

energy market, programs must deliver the highest savings at the meter for the lowest cost possible.  

II. Background 

Recent billing analysis research on several California residential EE programs reveals consistent 

patterns:  

1. Impacts observed at the meter vary widely among program participants.  

2. A small fraction of program participants accounts for a high fraction of the total savings. 

3. A significant number of program participants display negative savings (i.e. consume more 

energy after the program than before) when assessed at the meter. 

Two residential HVAC EE programs were investigated as part of the Phase I AMI Billing Regression 

Study
113

 conducted by Evergreen Economics: Pacific Gas and Electric’s (PG&E) Residential Quality 

Maintenance (AC/QC) program, which promotes HVAC system maintenance and is also a focus of 

this work, and Southern California Edison’s (SCE) Quality Installation program (RQI), which 

incentivizes HVAC system installation based on industry performance standards. Both of these 

programs achieve savings goals based on deemed
114

 engineering estimates relative to a 

counterfactual
115

 baseline. 

Results on the AC/QC program indicate that participant average annual household electricity savings 

were on the order of 3.5%, with significantly higher savings during summertime and periods of peak 

demand. In aggregate these results are not surprising. However, when customers were ranked and 

grouped by their pre-period baseload
116

 energy usage, results indicated that total program savings 

originated almost exclusively from the top 25% of customers. Further, the bottom 50% of customers 

collectively were responsible for negative savings. In other words, in aggregate, half of program 

participants showed an increase in energy usage after the program. The negative savers had the 

effect of discounting a quarter of the positive savings in this baseload binning scheme. Results of the 

SCE RQI program show similar trends.
117,118

  

Recent study of the whole home retrofit Energy Upgrade California (EUC) Program [5] provided a 

unique perspective via a combination of billing analysis and complementary customer surveys. The 

billing analysis results showed that 12% of customers increased energy usage by at least 5% in the 

year after program intervention, while an additional 18% were near neutral savers (-5% to +5% 

savings). Survey results of the high negative savers revealed that half of these customers noted a 

                                           
111

 Pay-for-Performance programs are designed to pay all or part of the rebate based on the savings observed at the meter. 
112

 For instance, in California recent legislation (Senate Bill 350) has doubled the energy efficiency goals within existing 
buildings. 

113
 AMI Billing Regression Study (Phase I). Evergreen Economics, 2016. CALMAC ID: SCE0383.01 

114
 “Deemed” savings refer to engineering estimates for the average savings that would be expected for a particular EE 

measure.  
115

 The ‘counterfactual’ refers to what would have happened in the absence of the program. Many EE programs are designed to 
produce savings, and evaluated to assess savings, relative to the counterfactual. 

116
 Here ‘baseload’ refers to a household’s average minimum electricity demand throughout the course of a day. Baseload may 

also describe the minimum energy demand for a given region that must be serviced by power providers. 
117

 Again customers were binned by pre-program baseload energy consumption. In this case average annual total household 
electricity savings were found to be 7.0% However, again the lower usage customers increased consumption after 
program intervention, while the 25% of highest usage customers accounted for approximately 65% of total savings. 

118
 In both programs, the negative savers may exhibit a takeback effect. Consider the RQI program, in which customers have a 

new HVAC system installed. If these households did not have central AC before participating, or had a smaller system, 
even optimal installation of an energy efficient unit would result in increased electricity demand. In the HVAC maintenance 
(AC/QC) program, it could be that a high occurrence of repairs, returning partially failed systems to full service, occurred 
along with program measures for many of the negative saving customers. However, without further research, these 
possibilities will remain unconfirmed. 
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change in heating behavior indicative of takeback, compared with only 19% among the population of 

high positive savers. Additionally, 66% of the negative savers indicated a change in occupancy 

compared to only 25% of high positive savers.  

III. Customer Targeting  

In developing EE targeting criteria, it is important to recognize that high usage by itself does not 

indicate system inefficiency. In many cases, customers have high usage simply because they have 

higher than average needs for heating, cooling, maintenance, and lighting. Therefore, we posit that 

even a minimalist EE targeting strategy should include a specific criterion focused on end-use 

efficiency in addition to a total usage threshold to ensure the potential to save. In Table 1 we give the 

total electricity usage for three hypothetical customers on two days. Day 1 has a high temperature of a 

moderate 70 F and the high on day 2 is 90 F, a hot day.  

Table 1 

Outside High 
Temperature 

Daily Electricity Usage 

Customer A Customer B Customer C 

Day 1:      70 ⁰F 3 kWh 10 kWh 20 kWh 

Day 2:      90 ⁰F 6 kWh 17 kWh 22 kWh 
 

If this were the only information available, which customer should be recruited for an air conditioning 

EE program? On both the mild and hot days Customer C uses the most electricity. However her 

usage only increases by 10% after the sizable rise in outside temperature. It would seem that 

baseload measures may be more appropriate for this customer.
119

 By comparison, on the hotter day, 

Customer A’s electricity usage doubled, a potential indication of inefficiency. But with a total 

consumption, even on the hot day, of only 6 kWh, Customer A has little potential for savings and 

therefore would not be a top choice for program intervention. Finally, Customer B has significant total 

energy usage and shows a considerable fractional increase (70%) in total usage on the hot day. 

Based on these limited data, only Customer B meets both the threshold of high usage and high 

temperature sensitivity that would indicate high potential to save on AC usage. 

Taking similar considerations into account, Figure 1 is a schematic of the energy usage 

characteristics we hypothesize a customer with high savings potential for air conditioning or building 

shell measures would exhibit. The red curve indicates average daily summertime demand while the 

dark blue curve shows average daily demand for the same customer during the milder spring and fall 

timeframe in which bpth cooling and electric heating are expected to be minimal.
120

  

                                           
119

 Another possibility for the small usage change could be the lack of an HVAC system, or a system in need of repair. In such a 
case, this customer would be likely to demonstrate significant takeback after program participation, which would lead to 
negative savings in a pre/post billing analysis. 

120
 Summertime is taken as June – September, which are typically the hottest months in central California climate zones, and 

the shoulder months are taken as February, March and November. Cooling needs are expected to be greatest in the 
summer months while electricity usage for combined heating and cooling is expected to be minimal during the shoulder 
months. 
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Figure 1: Summertime and shoulder (mild month) load shapes for an ideal residential customer for an 

HVAC or building shell energy efficiency program 

The usage metrics i – iii are associated with total electricity usage while iv – vi are those related to 

evening peak demand: 

Expected predictors of total AC electricity savings potential  

i. Statistical correlation
121

 between hourly readings of outside temperature and demand (ranges 

from -1 to 1) 

ii. Ratio of total summertime (June, July, August) electricity usage to usage in the mild shoulder 

months (November, February, March) 

iii. Total summertime (June, July, August) electricity usage in kWh 

Expected predictors of electric peak demand savings potential 

iv. Average hourly usage increase (kWh/h) during the ramp up period to the evening peak 

(defined as 3 pm to 7 pm) 

v. Average of the ratio between daily maximum and minimum demand, as derived from hourly 

meter readings  

vi. The fraction of total summer load occurring during peak hours (defined as 3 pm to 7 pm) 

The seasonal and total usage metrics i – iii, illustrated here with hourly interval data, can be discerned 

through analysis of monthly billing data if necessary, but the peak demand filters iv – v can only be 

assessed with interval data. To optimize a residential HVAC program for energy (kWh) savings, filters 

based on these demand (kW) metrics may be overly restrictive or even counterproductive. However, 

to target peak demand reduction and avoided costs along with total energy savings, criteria iv – v are 

hypothesized to pay dividends.  

In the next section, we apply filters based on threshold values in the usage metrics to isolate recent 

participants in PG&E’s residential HVAC quality maintenance program (Air Conditioning Quality Care) 

who would have been expected to perform well and then quantify their performance relative to other 

participants.  

                                           
121

 Using the cor function in R; For an explanation on correlation, see https://www.socialresearchmethods.net/kb/statcorr.php 
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IV. The Air Conditioning Quality Care (AC/QC) Program and Dataset 

The AC/QC dataset contains 1,216 participating customer records for program years 2012 – 2014 

and was also used for the Evergreen Economics study discussed above. All data cleaning steps 

performed by Evergreen were retained for this analysis along with additional cleaning described in the 

Methodology section below. In the program years studied, the AC/QC program incentivized 

contractors to perform several measures including system assessment, refrigerant charge adjustment, 

blower motor retrofit, and duct sealing. Contractors were allowed to complete one or more of these 

measures for any job and received a “kicker” incentive for jobs with multiple measures. 

For each customer the dataset contains at least one year of pre-intervention and one year of post-

intervention usage data. Figure 2 outlines the California climate zones [6] and gives a breakdown of 

participants by zone. One can see the vast majority of AC/QC participating customers live in climate 

zones 11, 12, and 13. Collectively these climate zones comprise the Central Valley, an inland region 

with hot and dry summers and relatively cold winters.  

    

 

Figure 2: Left: The California Climate Zones. Right: AC/QC program participants by climate zones. 

A histogram showing the distribution of total annual household energy usage is given in Fig. 3. 
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Figure 3: The distribution of annual electricity usage for participating AC/QC customers in the dataset 

The distribution peaks around 8 MWh. This is approximately 30% higher than the average household 

consumption across PG&E’s service territory [7], which reflects both the larger typical home size and 

more extreme weather in the Central Valley as compared to the densely populated Bay Area. The 

sample shows a long tail with dozens of customers consuming more than 20 MWh annually.  

V. Methodology  

Basic data quality filters were performed on each customer’s usage data, including (1) mean demand 

must be greater than 110W, (2) data must cover at least 180 days, and (3) fewer than 15% of 

readings are allowed to be zero. Table 2 shows how these quality filters impacted the total sample 

size and the application use for each subset of data. 

Table 2 

# of valid 
customers 

 
Data application 

1216 Participating customers 

1204 Pass data quality filters for pre-period load characteristics 

1118 Enough data to support pre-period CDD model estimation 

930 Enough data to support post-period CDD model estimation 

The following steps were performed to compute a pre/post electricity savings assessment for each 

customer and apply targeting filters: 

1. Compute pre-period load characteristics for every customer 

Customer data is filtered to the year before the program interventions. These data are then used to 

compute the usage metrics that are illustrated in Table 3 below. We also compute a suite of “basic 

metrics” as defined by the open-source meter data analysis package VISDOM. [8] 

2. Compute cooling energy savings 

i. Model cooling energy and savings 

To isolate cooling energy from total household load, we run a weather normalization regression model 

that explains total daily kWh (KWH) as a function of daily cooling degree hours (CDH) and an 

indicator of whether the day is a weekend (WKND) or weekday. A day’s CDH is the sum of the 
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degrees the outside temperature is above 65°F (or 0 if cooler than 65°F) across all hours, h, in each 

day, d. 

𝐶𝐷𝐻𝑑 = ∑ 𝑚𝑎𝑥(𝑇𝑜𝑢𝑡ℎ,𝑑 − 65,0)

24

ℎ=1

 

𝐾𝑊𝐻𝑑 =  𝛼 ∙ 𝐶𝐷𝐻𝑑 + 𝛽 ∙ 𝑊𝐾𝑁𝐷𝑑 + 𝜀 

The regression coefficient α quantifies the cooling sensitivity of each household and can be used to 

predict daily cooling energy given a computed CDH for day d. The weather normalization model is run 

for each customer using data from the cooling season (May through September) of both pre- and 

post-intervention years. 

ii. Compute savings 

Now, using daily weather data from the post period, we compute post-period daily CDH and use the α 

coefficients from both the pre and post models to predict daily cooling energy. The predictions using 

the pre-intervention coefficient are used as the counterfactual for how much cooling energy would 

have been required if the efficiency intervention had never been made, so the savings estimates can 

be made by computing the difference between model estimates. We use different subsets of post-

period weather data to compute annual (365 days of data), summer (June through September), and 

summer peak period savings (June through September; 3 pm through 9 pm). 

3. Determine peak summer demand savings 

Using data from each customer from the peak demand period (3 – 9 pm) for every day in the pre-

intervention summer, we compute the overall maximum hour of demand and the 97th percentile hour 

of demand. Next, we compute the same metric using post-intervention summer days. By taking the 

difference between the pre- and post-intervention values, we obtain an estimate of peak demand 

reductions for each customer. The cooling energy and demand savings metrics then become the 

metrics used to quantify the performance of usage metrics applied as customer filters. 

4. Filter customers via usage metrics 

Finally, with the usage metrics from the pre-intervention period (the same information available to 

program planners at the time), we can flag desirable or undesirable customers. For example, a 

desirable customer might have overall consumption greater than a certain threshold value, show an 

evening-peaking load profile, have a higher than average increase in consumption during the 

summer, etc. Whatever the filter criteria, they include some customers and exclude others and 

thereby define a subset of customers. We can compute the mean value of the energy and peak 

demand savings for every subset and compare the results to the untargeted program outcomes. 

We start with a set of “manual filters” chosen by hand based on first principles and professional 

judgement and define three levels of strictness: loose, moderate, and strict for their thresholds. After 

applying these filters, we track the change in observed savings in the subset of customers they 

isolate. To better understand the performance of individual targeting criteria and to compare to the 

conglomerate manual filter, the individual criteria are tuned to eliminate a progressing fraction of 

customers (10%, 25%, 50%, 75%, 90%) and the resulting performance is assessed via the mean 

summertime savings across the resulting subsets of customers. With this approach we can compare 

the performance of the individual metrics to the compound manual filters during the time period of 

highest intensity savings. 
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5. Treatment of outliers 

Savings estimates are computed from both the full cleaned sample, and a sample consisting of the 

middle 3 – 97% of savers. By removing the 3% of lowest and highest saving customers, we help 

ensure that results are not overly dependent on a small number of customers who display a very high 

discrepancy in their year-to-year energy usage, which may not likely be attributable to program 

intervention. Similar trends are observed with and without outliers, with savings generally being 

diminished somewhat upon their exclusion.  

VI. Results and Discussion 

Participating customers were filtered into targeted and non-targeted samples based on their pre-

program energy usage and load shapes using loose, medium and strict targeting criteria tied to 

variables i – v given above. Table 3 gives the specific filters and the number of customers in each 

group. Note that with the loose targeting criteria, the load shape requirements are not applied. 

Table 3 

 
Targeting Criteria Fraction of customers 

remaining Level i ii iii iv v 

Loose  0.2 1.20 19 - - 0.67 

Medium 0.3 1.70 26 0.25 2.0 0.34 
Strict 0.3 1.85 36 0.40 5.0 0.13 

i. Temperature to load correlation (ranges from -1 to 1) 
  ii. Ratio of summer to shoulder electricity consumption 
  iii. Total summer electricity usage (kWh) 

   iv. Evening ramp slope (kwh/hr) 
    v. Average daily max to min demand ratio  

    

To be selected, a customer must pass the minimum thresholds for all applied filters. The thresholds 

were set such that no one filter dominated the elimination of customers. The last column shows the 

percentage of customers remaining in the sample after all the filters at a given level were applied. 

Most (67%) customers passed the “Loose” criteria, while only 13% of customers passed the “Strict” 

filters.   

Figure 4 shows savings results for the four cases of no filtering, and loose, medium and strict filtering 

as detailed in Table 3. Results are given in terms of kWh saved per hour for three different 

timeframes: annual, which comprises the full year after program participation, summer, which isolates 

July – September, and summer peak, which assesses July – September during the hours of 3 – 9 pm 

[9].
122

 These hours are taken to represent the period of peak demand. The summer and summer peak 

timeframes and savings are subsets of annual. 

                                           
122

 These hours are consistent with the summertime periods of peak demand in recent analyses, including in Ref. 9  
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Figure 4: Normalized mean energy savings for each level of targeting applied during the three time 

periods: Annual, Summer (June – September) and Summer Peak (June – September; 3 – 9 pm) 

In each case an increase in savings per hour (kWh/hr) is observed as the targeting criteria is made 

more strict. For each timeframe, applying the medium criteria, which eliminated two-thirds of the full 

sample, increased the per-capita savings by nearly a factor of 2.  

The impact of the program on peak demand can also be investigated. Table 4 shows how the energy 

usage during the hour of maximum demand changes after program intervention, again for the 

different targeting levels. The maximum demand is determined as the 97
th
 percentile hour of 

summertime electricity usage. Similar to electricity savings, peak demand also increases significantly 

with increasing targeting rigor. 

Table 4 

AC/QC Average 97th Percentile 
Peak Demand Reduction  

Targeting Level kW 

None 0.12 

Loose 0.16 

Moderate 0.17 

Strict 0.19 

Thus far, we have applied targeting criteria i – v such that they all have significant influence over the 

final sample of customers. To gain more insight into the performance of each individual filter, we 

analyzed the per capita electricity savings and peak demand reduction from successive application of 

criteria i – v, along with two additional criteria: 

 vi. The fraction of total summer load occurring during peak hours 

 vii. The absolute range of minimum to maximum demand during the summer  

Calculation of these additional filters requires access to interval data and both are hypothesized to 

correlate with peak demand reduction. The filters i – vii were individually applied and tuned such that 

10%, 25%, 50%, 75%, and 90% of the total sample was eliminated, again based on pre-program 

usage data. In Fig. 5 we present the results of this analysis. 
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Figure 5: Top. Annual per-capita electricity savings for remaining program participants after filtering 

based on the individual filters i – vii. Bottom. Analogous results for summer peak period maximum 

demand reduction. 

Several interesting results and trends emerge from these data. Generally, application of each filter 

has a positive effect on the per capita savings and demand reduction. The top panel of Fig. 5 shows 

that filters i – iii outperform the load shape filters in selecting high electricity savers. The summer 

electricity usage (iii - Summer kWh) filter  predicts both kWh savings and summer peak demand 

reduction well. At most levels, the maximum-to-minimum absolute range filter (vii) is the single highest 

performing peak demand reduction criterion.  

The maximum-to-minimum demand ratio filter (v) performs poorly for both kWh savings and peak 

demand reduction. We postulate this behavior can be attributed to customers with very low baseload 

and low total electricity consumption. Such customers would be expected to have a high maximum-to-

minimum demand ratio but with low total usage offer little savings potential. In the conglomerate filter 

detailed above, these customers would likely be removed by other criteria. Nevertheless, results on 

filter v and other underwhelming individual elements showcase that selection of effective targeting 

criteria is essential to producing desired results.  
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Figure 6 compares results for the best performing individual filters for summer kWh savings (July total 

kWh; comparable to iii) and peak demand reduction (August mean daily range; comparable to vii) to 

the combined filter of i – v described in Table 3.    

 
Figure 6: Left. A comparison of the best performing individual filter for kWh savings (total July kWh 

usage; iii) compared to the comprehensive filter consisting of simultaneous application of filters i - v. 

Right. A comparison of the best performing individual filter for summer peak demand reduction (August 

mean daily range; vii) compared to the comprehensive scheme consisting of simultaneous application of 

filters i – v.  

In both cases, the combined filter and the individual top-performers yield similar results until diverging 

after approximately one-third of the sample is eliminated. At more rigorous levels of targeting the best 

individual filters significantly outperform the combined filter. These results may indicate that loose 

application of the combined filter eliminates a similar subset of customers as application of the top-

performing filters. However, while increasing returns are observed upon more strict application of the 

combined filter, there are clearly counterproductive effects. It is worth noting again that the combined 

filter attempted to address both electricity and peak demand reduction. 

More sophisticated analysis techniques are available, including load disaggregation modeling and/or 

machine learning algorithms. These methods might be expected to outperform the straightforward 

criteria detailed here. Indeed further research is needed to investigate these questions. However, we 

must recall the realities of a dataset that originates from customers who have participated in an 

energy efficiency program. The following actualities would be expected to produce a level of variability 

that may limit the benefit of a more complex modeling exercise: 

 Many contractors delivered the AC/QC program in the field. The quality of work performed 

varies from one contractor to another. 

 The AC/QC program operated in similar but different climate zones. 

 Contractors were incentivized to perform one or more measures. Further, as part of the 

maintenance visit, contractors may or may not perform additional measures that are not 

incentivized. No effort has been made here to differentiate the depth of work performed at 

individual households. 

 Customer behavior and household occupancy may change within the observation period. 

 

Future research should address the efficacy of more sophisticated modeling for customer targeting for 

programs with relatively small savings, such as AC/QC, as well as for EE programs that drive more 

comprehensive savings. 
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VII. Customer Targeting to Enhance EE as a Grid Resource 

Many of the considerations that compel customer targeting for meter-based EE programs can also 

enhance EE as a grid resource. Traditionally energy efficiency (EE) programs have served to meet 

greenhouse gas reduction targets, support markets for efficient technologies and services, and help 

customers save on their bills. While EE programs will still be called upon to meet these important 

objectives, the role of EE is expanding. Both regulatory bodies and program administrators are 

pursuing EE as a tool to enhance grid reliability, defer investment in new generation, and mitigate 

expensive procurement during periods of peak electricity demand. In many cases EE is being 

considered alongside a broad suite of distributed energy resources (DERs) including demand 

response, solar photovoltaics and other renewables, storage, electric vehicles, and even time-of-use 

pricing schemes. Because the residential sector accounts for a high fraction of peak evening demand, 

EE delivered in this sector can serve an important role in alleviating stress on the grid and reducing 

usage during the times of highest procurement costs. Further, with the onset of time-of-use electricity 

rates, energy efficiency and demand response programs that curtail load demands during peak hours 

will save customers more on their bill than conventional programs. In short, from a customer benefit 

and avoided cost perspective, not every kWh is created equal.
123

  

This general point is demonstrated in recent research from E2e [10] in which the avoided 

procurement costs for several energy efficiency programs were investigated. Pre/post billing analysis 

was performed using one-hour interval data for approximately 10,000 participants in SCE’s 

Residential Quality HVAC Installation (RQI) program between 2010 – 2015. The RQI savings were 

found to occur largely in coincidence with periods of high procurement costs.
124

 The authors 

quantified this overlap, then compared the resulting avoided costs to those estimated by a simple 

averaging of annual savings and procurement costs. The RQI program was estimated to deliver more 

than 1.5 times the avoided costs than would be expected with simple averaging. By more effectively 

targeting customers for program participation as described in the previous section, avoided costs and 

impact on the grid can be further enhanced. 

In the next decade, the “Duck Curve” is likely to become more pronounced with increasing adoption of 

solar and residential plug loads exacerbating the mid-day trough and evening peak, respectively. 

Therefore, we anticipate even greater value for peak summer kW savings than is currently prescribed 

in short-term savings models.
125

 

However, EE faces a unique circumstance compared to traditional generation and many other DERs: 

An EE intervention results in avoided energy use, which cannot be measured instantly or directly. 

While this may seem benign, the consequences are dramatic and pose significant challenges to 

successful deployment of EE as a DER. First, an accurate assessment of EE savings, i.e. accounting 

for seasonal variations, often requires a year or more of both pre- and post-intervention data and 

careful analysis to quantify uncertainties - a major detriment in an industry with justifiably low risk 

tolerance. Second, while a grid operator may be most interested in the ability of EE to reduce 

demand, EE savings are often measured relative to baselines that do not relate to an observable 

change in metered consumption. These realities foster EE programs that are not designed specifically 

                                           
123

Electricity procurement prices in California consist of two principle components: costs of procuring energy (wholesale) and 
the cost to ensure adequate capacity (capacity costs), both of which are time-varying. Wholesale prices depend on the 
specific generation mix called upon to deliver electricity at any given time, while capacity fees are paid in advance to 
ensure sufficient supply-side resources are in reserve to guard against blackouts. California wholesale prices tend to 
range from $20 - $60 per MWh, peaking during periods of high demand, while capacity costs are usually near zero during 
off-peak hours, but can approach $400 or more per MWh during peak hours in the summer months.   

124
The Model showed that RQI savings occur almost exclusively during the hot summer months and predominantly from noon - 

10 pm, when air conditioning needs are greatest. 
125

Unlike most states, the time valuation of savings is built into the avoided cost assessment utilized in California. This does 
make programs with larger proportions of savings during peak load hours more attractive. However, the effect is relatively 
small and peak load times are in need of more frequent adjustment. Utilities need to generate and study more ex post data 
on when EE savings occur at measure and program levels and updated correlations with peak load, especially during 
periods of high capacity charges.   
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to produce savings at the meter, with a major overhaul of measurement and verification methods 

required to better align EE outcomes with grid needs.  

To illustrate these points, consider a lighting program that incentivizes manufacturers to produce 

LEDs for retail sale. Customers purchasing these lamps will replace lighting products in their homes 

that represent a mix of past technologies. In contrast, the program savings are assessed relative to 

the new product availability at the time of purchase. A customer may purchase a discounted LED to 

replace a burned out incandescent in his home, but the program savings may be assessed relative to 

a CFL instead. The discrepancy leads to far greater savings expected ‘at the meter’ than would be 

assigned to the EE program. The opposite would be expected in some other program designs. For 

instance, a program that supports high-performance HVAC installation would be expected to deliver 

savings relative to an industry standard installation. Yet, participating customers installing an HVAC 

system where one did not exist before would experience a substantial increase in load. This new load 

could swamp the metered savings from multiple HVAC replacement projects.  

In both of these examples, savings relative to the counterfactual would not be expected to correlate 

with meter-based measurement, assuming that such a measurement could even be made. These 

examples showcase how programs that will be evaluated by measuring the change in metered energy 

consumption must be specifically designed to deliver savings that are measurable at the meter. As we 

have illustrated here for PG&E’s residential HVAC maintenance program, both electricity and peak 

demand reduction can be substantially enhanced by targeting customers for participation based on 

their usage data.   

VIII. Challenges and Recommendations 

PG&E has implemented customer-targeting beta-tests in both the commercial and residential HVAC 

quality maintenance programs. In both cases analysis of AMI electricity usage data was performed to 

identify the ~20% of customers with the highest potential for HVAC savings. In both scenarios, 

“kicker” incentives were offered to contractors for serving a targeted customer. Both efforts have faced 

similar challenges: Customers often have established contractor relationships. Targeted customers 

may be hesitant to sign on with a new contractor through an EE program. Similarly, it can be 

expensive and time consuming for participating contractors to recruit new customers. Targeted 

customers may also be widely geographically dispersed, which poses challenges for recruitment and 

delivering high volume interventions. To address these challenges the following approaches merit 

examination. 

 Marketing material should deliver customer-specific information to convey their unique 

energy savings opportunity and benefits. Targeted customers stand to save more on average 

than a random customer and therefore have a more compelling value proposition. While 

developing individualized marketing may be more expensive, successful and scalable 

automated approaches have been delivered, including strategies that provide graphical 

comparisons to similar customers’ energy usage patterns, a powerful social norming concept. 

 Facilitate contractor participation by generating leads. Customers often trust their utility as an 

energy advisor. This positions the utility to communicate customer-specific usage details and 

provide recommendations on ways to manage usage, including EE programs.  

 For deemed programs, offer kicker incentives to contractors who recruit targeted customers. 

For meter-based programs including pay-for-performance, targeted customers should yield 

higher savings and therefore carry greater inherent value for participating firms. 

 When developing lists of targeted customers, cluster the targeted customers by location as 

much as possible. 

 Even where official evaluation criteria have not changed, methods of pre/post and 

treatment/control evaluation of savings at the meter should be developed and refined, 
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including in retrospect, to aid in understanding the grid impacts of EE and facilitate a smooth 

transition to programs designed for at the meter savings. 

 

 

IX. Conclusions 

 

In this work we have investigated how application of straightforward targeting criteria can impact the 

savings expected from a residential HVAC EE program. Several targeting filters were demonstrated to 

yield substantially enhanced per-capita savings. These results serve as an example for program 

administrators of the potential for data analytics to enhance performance, both within traditional and 

future EE programs, and as utilities begin to leverage EE as a grid resource.  
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Compliance  
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Abstract 

The United States Department of Energy (US DOE) has worked towards increasing the energy 
efficiency of new homes and buildings built across the United States for several decades through its 
Building Energy Codes Program (BECP). Recent editions of the national residential model building 
energy code are projected to save over 30% energy compared to codes from just a decade ago. The 
realization of these large potential energy savings is largely dependent on effective compliance with 
the requirements of the code. However, little research has been conducted to evaluate compliance in 
a consistent manner. To address this issue, the US DOE initiated a large-scale residential energy 
code field study focused on new single-family homes and a set of key code items such as insulation 
levels, windows, air leakage, and high-efficacy lighting. The study comprises a baseline data 
collection phase that identifies efficiency trends as well as gaps in meeting the code, a training and 
outreach phase that focuses on bridging these gaps, and a post-training data collection phase that will 
help determine the impact of training and outreach. Additionally, potential savings lost from not 
complying with the key code items are calculated from the data collected in the baseline phase. The 
study was piloted in eight states across the United States starting in the fall of 2014. This paper 
discusses the methodology behind the study and the data collection effort, along with a discussion of 
the sample results, trends and potential savings from the baseline phase related to high-efficacy 
lighting requirements. Potential savings at the state level range from around $190,000 to $1,550,000, 
depending on the state and construction volumes. Furthermore, the value of such studies in program 
and policy design is also discussed. 

Background and Introduction 

Buildings are one of the most energy-intensive components of the American landscape. The Energy 
Information Agency (EIA) estimates that approximately 40% of all energy consumed in the United 
States in 2015 can be attributed to residential and commercial buildings [1]. This amounts to 
approximately 39 quadrillion British Thermal Units (Btu). As the population of the nation rises, so does 
the energy consumption of the residential buildings sector. In 2015, residential buildings accounted for 
approximately 53% of the energy consumed by the entire buildings sector, more than commercial 
buildings [1]. The energy consumption of residential buildings has steadily risen over the years. 
According to estimates by the EIA, the energy consumption of the residential sector increased from 
approximately 16.5 trillion Btu in 1990 to 20.5 trillion Btu in 2015 [2]. Historically, more than half of all 
residential energy was used for space heating and cooling. However, recent estimates indicate that 
only 48% of energy used in US homes in 2009 was for space conditioning, compared with 58% in 
1993 [3]. While the energy used for space conditioning has reduced due to advances in equipment 
efficiencies and the quality of building envelopes being built today, the energy consumption attributed 
to appliances, electronics and lighting continues to increase. Today, lighting constitutes about 10% or 
approximately 0.44 quadrillion Btu of the residential sector electricity consumption according to EIA 
estimates

126
. Lighting energy efficiency in newly constructed single-family residential buildings was 

one of the key items considered in the field study conducted by the US Department of Energy (US 
DOE) and is the topic of this paper. 

US DOE Residential Energy Code Field Study 

The US DOE supports the development and adoption of energy-efficient and cost-effective model 
building energy codes for new residential and commercial construction

127
. The national model code 

for residential buildings is the International Energy Conservation Code (IECC) published by the 
International Code Council (ICC). The IECC specifies minimum acceptable efficiency levels for all 

                                           
126

 See https://www.eia.gov/tools/FAQs/faq.cfm?id=86&t=1  
127 See https://www.energycodes.gov/  

https://www.eia.gov/tools/FAQs/faq.cfm?id=86&t=1
https://www.energycodes.gov/
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components within a residential building, including insulation levels for the ceiling, walls and floors, 
heat transmittance factors (U-factor) and solar heat gain coefficients (SHGC) for windows, maximum 
allowable infiltration rates and duct leakage rates as well as mandatory requirements for high-efficacy 
lighting. The IECC has made consistent gains in energy efficiency over the last 20 years and the 
recent 2015 edition of the IECC is expected to save more than 30% energy in new single-family and 
low-rise multifamily buildings in the United States compared to the 2006 edition from just a decade 
ago [4,5].  

With such large gains in energy efficiency, it is crucial to assess how the market has progressed, and 
where opportunities for improvement exist. The savings indicated above are theoretical book-to-book 
comparisons of the code requirements. The realization of these savings largely depends on effective 
compliance with the requirements of the code. However, due to its complex nature, little research has 
been done to evaluate compliance in a consistent and reproducible manner. To address this question, 
the US DOE launched a residential energy code field study in selected states in the fall of 2014

128
. 

The intent of the study is to determine whether an investment in building energy code education, 
training, and outreach programs can produce a significant and measurable change in residential 
building energy savings.  

The study comprises a baseline stage to identify construction trends and energy use in typical new 
single-family residential buildings in a given state; an education, training and outreach phase based 
on the issues identified through the baseline phase; and a final post-training phase to identify the 
impact of the education, training, and outreach activities on energy use. The goal of the study is to 
determine whether a statistically significant energy use intensity (EUI) difference can be detected 
between the baseline and the post-training phases. The participating states include Alabama, 
Arkansas, Georgia, Kentucky, Maryland, North Carolina, Pennsylvania and Texas. DOE partnered 
with a few regional energy efficiency organizations for the data collection effort, while the analysis is 
led by the Pacific Northwest National Laboratory. The present paper focuses on observations and 
analysis related to high-efficacy lighting requirements. With the exception of Arkansas, all other states 
have high-efficacy lighting requirements. Because Arkansas does not have a high-efficacy lighting 
requirement, data related to the state is not included in this paper. 

Key Items 

The design of the field study is guided by two main principles. The first principle required that each 
home be visited only once and all the data available at that time be recorded. This is done to avoid a 
potential bias that may be introduced in the quality of construction if multiple visits are expected. The 
second guiding principle called for statistical significance of the results at the state level. The study 
focuses on individual code requirements that apply to new single-family homes. Given the large 
number of requirements that fall in this category, a preliminary sensitivity analysis was conducted 
using the prescriptive and mandatory requirements of the 2009 IECC. The 2009 IECC was selected 
for the sensitivity analysis because it was the code in effect in many of the participating states at the 
beginning of the baseline phase. The sensitivity analysis identified “key items” or energy code 
requirements with the largest direct impact on the energy use of single-family buildings. These key 
items are summarized in Table 1.  

Table 1: Key Items Identified in the Sensitivity Analysis 

Key Code Requirement Units 

Air Leakage Air Changes at 50 Pascals 

Duct Leakage Cubic Feet per Minute/100 ft
2
 conditioned floor area at 25 Pascals 

Wall Insulation R-value 

Ceiling Insulation R-value 

Floor or Foundation Insulation R-value 
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 See https://www.energycodes.gov/compliance/residential-energy-code-field-study  

https://www.energycodes.gov/compliance/residential-energy-code-field-study
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Window Efficiency U-Factor and SHGC 

High-Efficacy Lighting Percentage of all Permanently installed Lamps or Luminaires 

 

Sample Size and Statistical Significance 

The sensitivity analysis identified the energy impact of a range of values for each key item taken in 
isolation. Using the energy results and the standard deviations, it was determined that a sample size 
of 63 would be capable of detecting a whole-building EUI difference of 1.25 kBtu/ft

2
-yr between the 

baseline and the post-study phase. Accordingly, at least 63 observations of each key item were 
requested in each state. It is important to note that the statistical significance applies to a shift in the 
whole building EUI. The statistical significance of each key item was not evaluated in isolation during 
the sensitivity analysis. Additional work would be required to determine such a significance and is 
beyond the scope of this paper. Thus, data presented in this paper cannot be claimed to have any 
statistical significance. However, the sample size is reasonable and the study offers a rich dataset 
which is valuable in observing residential high-efficacy lighting trends in different states. 

Data Collection 

Sampling plans were created for each state to ensure the random nature of the study. Regional 
construction trends were considered in developing the sample plans so that areas with heavy 
construction activity had a higher representation in the sample. A minimum of 63 observations were 
requested for each key item in each state. Given the single site-visit principle of the study, data 
collection teams had to visit many more than 63 homes to record all the required data. Additionally, 
the teams were requested to collect as much data as possible from each home that was visited. Thus, 
more than 63 observations were available for high-efficacy lighting in seven out of the eight states. 

High-Efficacy Lighting  

This paper discusses findings related to the high-efficacy lighting requirement in the residential 
building energy code. Overview of data related to other key items covered by the field study is 
discussed by Cohan et al. [6]. 

Code Requirements 

Much of the improvement in residential building energy codes over the years has been on the building 
envelope. However, the 2009 edition of the IECC introduced mandatory requirements for lighting for 
the first time. The 2009 IECC required 50% of all permanently installed lamps and luminaires to be 
high-efficacy [7]. High-efficacy lighting is defined as compact fluorescent lamps (CFL), T-8 lamps or 
smaller diameter linear fluorescent lamps, or lamps with a minimum efficacy of 60 lumens per watt for 
lamps over 40 watts, 50 lumens per watt for lamps between 15 and 40 watts, and 40 lumens per watt 
for lamps 15 watts or less. The 2012 edition of the IECC further strengthened this requirement to 75% 
of all permanently installed lamps [8]; a requirement retained in the 2015 edition [9].  

Observations from the Field 

The code requirement for high-efficacy lighting is based on the percentage of high-efficacy lamps or 
luminaires that are permanently installed in a home. Thus, the data collection effort involved recording 
the percentage of permanently installed lighting that qualified as high-efficacy lighting. Figure 1 shows 
the distribution of high-efficacy lighting observations for the eight states along with the number of 
observations denoted by “n”. In each case, the black dashed line indicates the code requirement for 
the given state. Alabama, Maryland, and North Carolina each have a mandatory requirement of 75% 
high-efficacy lighting. Georgia, and Kentucky each have a mandatory requirement of 50% high-
efficacy lighting. At the time of data collection, Texas had a mandatory requirement for 50% high-
efficacy lighting. However, the state has since adopted a more stringent code revising this 
requirement to 75%.  
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The high-efficacy lighting trends are observed to vary from state to state, regardless of the effective 
code requirement. For example, Kentucky and Alabama have a requirement of 50% and 75% high-
efficacy lighting respectively, however, the majority of the homes surveyed had no high-efficacy 
lighting installed at all. Compliance was higher in Pennsylvania and Maryland which again have a 
requirement of 50% and 75% high-efficacy lighting respectively, where most homes had 90% to 100% 
high-efficacy lighting. Table 2 summarizes the minimum code requirement, number of observations 
and compliance rate for each state. The compliance rate is defined as the percentage of observations 
that complied with the effective code requirement in the state. 

 

Table 2: Summary of Observations and Compliance Rate by State 

State Code Required Minimum 
High-Efficacy Lighting (%) 

Number of 
Observations (n) 

Compliance Rate (%) 

Alabama 75% 71 35% 

Georgia 50% 79 37% 

Kentucky 50% 68 31% 

Maryland 75% 71 61% 

North Carolina 75% 106 57% 

Pennsylvania 50% 63 62% 

Texas 50% 66 49% 
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Figure 1: High-Efficacy Lighting Trends Observed in the Baseline Phase of the Field Study 
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Estimating Potential Savings from Improved Compliance 

Based on the observed lighting trends and low compliance rates, large potential savings can be 
expected from improving compliance. As described previously, a guiding principle of this study is a 
single site visit. As a result, adequate building information for assessing the potential savings for each 
house from high-efficacy lighting is unavailable. In absence of such detailed information for each 
house, potential savings are determined using energy modeling.  

US DOE’s Single-Family Prototype Model 

The analysis is conducted using US DOE’s single-family residential prototype building model. The 
prototype model, depicted in Figure 2, is employed by the US DOE in all codes analyses and is 
designed to represent typical new single-family buildings constructed in the United States. Table 3 
summarizes the important building characteristics of the prototype. The basis of the characteristics is 
detailed by Taylor et al. [10]. The prototype models are developed using US DOE’s EnergyPlus 

simulation program [11] and are freely available for download on US DOE’s energy codes website.
129

 

 

 

Figure 2: A Schematic of US DOE’s Single-Family Residential Building Prototype 

 

Calculation Methodology 

The model employs lighting energy equations developed by Building America to simulate household 
lighting energy [12]. The equations, based on typical efficacies for different lighting technologies, are 
used to model different vintages of the residential energy code in US DOE’s codes analyses by 
substituting fractions for incandescent and CFLs, as detailed by Mendon et al. [13]. The same 
methodology is used in this analysis, wherein the observed high-efficacy lighting percentages are 
substituted in the equations to calculate the effective lighting energy use for each case. To keep the 
savings estimate conservative, high-efficacy lighting is always assumed to be CFLs. The savings 
estimates would be higher if the more efficient light emitting diodes (LED) were assumed to replace 
incandescent lighting instead. Because daylight controls are not part of the residential building energy 
code at this time, daylighting is not considered in the model and the associated energy savings 
analysis. The hourly interior lighting schedule used in the model is illustrated in Figure 3 below and is 
derived from the Building America simulation protocols [12]. 
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 See https://www.energycodes.gov/development/residential/iecc_models  

https://www.energycodes.gov/development/residential/iecc_models
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Figure 3: Hourly Lighting Schedule Used in the Model 

 

Table 3: Prototype Model Characteristics 

Parameter Assumption 

Conditioned floor area 2,400 ft
2
 (plus 1,200 ft

2
 of conditioned basement, where 

applicable) 

Footprint and height 54-ft-by-22 ft, two-story, 8.5-ft-high ceilings 

Area above unconditioned space 1,200 ft
2
 

Area below roof/ceilings 1,200 ft
2
 

Gross exterior wall area 2,376 ft
2
 

Window area (relative to 
conditioned floor area) 

Fifteen percent equally distributed to the four cardinal 
directions (or as required to evaluate glazing-specific code 
changes) 

Door area 42 ft
2
 

Internal gains 87,632 Btu/day 

Heating system Natural gas furnace, heat pump, electric furnace, or oil-fired 
furnace 

Cooling system Central electric air conditioning 

Water heating Same as fuel used for space heating, or as required to 
evaluate domestic hot water-specific code changes 

 

Data collected for each state is sorted into compliant and non-compliant observations. Because the 
potential energy savings from improving non-compliance are of interest, only the non-compliant set of 
observations is used in the savings analysis. Each worse-than-code high-efficacy lighting observation 



 

269 
 

is used to create a building energy model. All other building components are maintained at the 
corresponding minimum prescriptive code levels effective in the state, regardless of the actual levels 
observed in the field. This approach allows for the computation of “lost” energy savings due to non-
compliance for lighting alone.  

Based on common residential building construction trends observed in the data sample, the single-
family prototype model is outfitted with four different foundation types—heated basement, unheated 
basement, slab-on-grade, and vented crawlspace, and three different heating systems—gas furnace, 
electric heat pump, and electric resistance heat. Weights for each foundation type and heating system 
are derived from the observed sample for each state. Annual electric and gas EUIs are extracted for 
each building model and weighted across heating systems and foundation types to generate weighted 
average EUIs.  

A second set of models that minimally comply with the prescriptive and mandatory requirements of 
the code in effect in each state is then created and weighted across the same heating system and 
foundation shares described above. The EUI of each non-compliant model is then compared with EUI 
of the minimally compliant models to calculate the EUI difference. These differences are the potential 
energy savings that can be achieved by bringing the non-compliant high-efficacy lighting observations 
to the minimal compliant level. The savings are further weighted by the frequency of each observation 
to calculate the average savings for the entire state. The kWh and therm savings are converted to 
metric tons (MT) of avoided carbon emissions by applying carbon (CO2) factors for electricity and 
natural gas published by the Energy Information Agency (EIA).

130
  

Potential Savings Results 

The potential savings for each state are summarized in Table 4. The average per home savings are 
multiplied by annual new construction volume in the state to yield state-level savings.  

Table 4: Potential Savings Estimates for High-Efficacy Lighting 

State Electricity 
Savings 
(kWh/ho
me) 

Natural 
Gas 
Savings 
(therms/ho
me) 

 
Number 
of 
homes  

Total State 
Energy 
Savings 
(MMBtu) 

Total State 
Energy 
Cost 
Savings ($) 

Total State 
Emissions 
Reduction 
(MT CO2e) 

Alabama 378.55 -1.46 9,506 10,891 385,451 2,408 

Georgia 214.49 -1.58 27,503 15,774 799,065 3,837 

Kentucky 300.41 -2.43 7,345 5,742 197,544 1,427 

Maryland 157.23 -1.98 10,541 3,566 195,378 1,032 

North 
Carolina 

171.15 -1.24 35,051 16,128 607,598 3,907 

Pennsylvania 178.71 -3.12 16,371 4,868 365,254 1,746 

Texas 264.43 -1.65 54,937 40,483 1,550,412 9,536 

Lighting loads are a component of internal heat gains and impact the whole house heating and 
cooling loads. Inefficiencies in lighting are lost to the conditioned space as heat. Thus, improving the 
efficiency of lighting reduces the heat lost to the conditioned space and as expected, results in a 
smaller cooling load leading to cooling energy savings. However, for the same reason it also results in 
a larger heating load, thereby leading to increased heating energy use. Thus, improving the efficiency 
of lighting increases the consumption of natural gas in models served by the gas furnace. This 
increase is indicated by the negative sign for natural gas savings in Table 4. The same effect is 
observed in models served by electric resistance and electric heat pumps. However, this tradeoff is 
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 See https://www.epa.gov/energy/greenhouse-gas-equivalencies-calculator and 
https://www.eia.gov/environment/emissions/co2_vol_mass.php  

https://www.epa.gov/energy/greenhouse-gas-equivalencies-calculator
https://www.eia.gov/environment/emissions/co2_vol_mass.php
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reflected in reduced electricity savings. The total energy, cost and emissions savings account for the 
tradeoff between heating and cooling energy. 

It is observed that significant energy and home-owner cost savings can be achieved by improving the 
compliance with the high-efficacy lighting requirement in the residential energy code. Annual average 
energy savings per home are approximately 237 kWh or $27. The potential savings at the state level 
range from $190,000 to $1,550,000 for a measure that is relatively easy to implement. Even higher 
savings are possible if beyond code performance is encouraged. 

Discussion and Conclusions 

The national residential building energy code (IECC) introduced high-efficacy lighting requirements in 
2009. However, years after this step, lighting efficiency is still observed to be lagging in new single-
family homes. The US DOE residential energy code field study has shown the potential to achieve 
significant energy and home-owner cost savings by improving efficiency in new homes to comply with 
the requirements of the IECC. Potential savings at the state level for lighting requirements alone 
range from about $190,000 to $1,550,000, depending on the state and construction volumes. The 
rising popularity and constantly improving cost-effectiveness of emerging high-efficacy lighting 
technologies like LEDs can be leveraged to realize these savings, making it a prime candidate for 
utility investment. The study has developed various methodologies and resources to help replication 
of such activities. The sampling protocols, data collection forms, analysis methodologies and the 
baseline state reports developed through this study are published on the field study website

131
. These 

resources may aid other agencies planning to design similar studies in their regions. Additionally, all 
the data collected for the eight states is publicly available on the field study website to support 
independent studies and research. Future work will evaluate the impact of training and outreach 
activities on high-efficacy lighting trends in new single-family homes in the eight states discussed in 
this paper. 
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Learning the Best from the Best  

A Comprehensive National Review of Residential New Construction 
Builders’ Program Best Practice Sales, Marketing, Training and 
Design Support 

Jay Luboff, Kevin Cooney 

Abstract  

Builders of residential new construction (RNC) energy efficient (EE) homes throughout the United 

States, Canada, and Europe are faced with understanding how best to compete in often crowded 

markets.  Navigant conducted a national study of EE-program participating builders’ sales, marketing, 

training and design approaches. The goal of the study was to understand best-in-class practices and 

techniques that RNC efficiency home builders use to support rapid uptake of these homes and related 

energy efficient appliance, lighting and other technologies. The study -- conducted for the four 

California Investor Owned Utilities (IOU) -- focused on extensive interviews with national and local 

builders and sales staff and managers of successful RNC programs, and included a comprehensive 

literature review. A key study objective was to seek to understand EE’s and Green Homes’: Influence 

on purchasing decisions, solutions to overcoming barriers in selling and marketing “Green” Homes, 

effective advertising and educational approaches to guide home buyers decision-making, ways to 

address consumer skepticism (Greenwash Backlash) and misconceptions about energy efficiency 

appliances and lighting technologies and related homebuyer questions. This paper presents the study 

findings and the comprehensive set of sales training and marketing recommendations for RNC 

program designers and implementers. 

Introduction 

Purpose  

Understanding sales and marketing approaches to enhanced adoption of energy efficiency and 
related “green” technologies (e.g., water efficiency, etc.) in residential new construction (RNC) 
programs – in relationship to the California utility offered California Advanced Home Program (CAHP) 
-- is an important focus area for the California utilities. This paper presents findings and 
recommendations from a broad-based Navigant study of North American RNC program implementer 
and builder best practice sales, marketing, sales training, and program design practices. Navigant 
conducted the study for Southern California Edison (SCE), who served as the contract agent for the 
state’s three-other Investor Owned Utilities (IOUs), Pacific Gas & Electric (PG&E), Southern California 
Gas (SoCalGas) and San Diego Gas and Electric (SDG&E), all of which offer the statewide CAHP 
program to participating builders and their sales staff.  

Scope of Research 

The fundamental aim of the research was to assist the CAHP builder community to increase 

effectiveness of builder sales and marketing efforts and thereby increase demand for efficient homes.  

More specifically, Navigant researched builder best practices (national and California) in the field of 

energy efficient home sales, provided recommendations for tools, best practice approaches, 

materials, and strategies to incorporate into a new IOU-sponsored builder sales training module for 

participating homebuilders. While the areas of consumer marketing practices and RNC program 

design were not initially a focus of the study, it quickly became apparent that marketing and related 

program design issues were integrally tied to best-in-class sales efforts. Thus, these latter two 

elements were included in project’s research and related findings.
132
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 Navigant designated two levels of study effort within the scope of the project: A primary study area, focusing on research 
leading to direct recommendations to the IOUs for development of a sales training module; and a secondary study area, 
focusing on marketing and program design insights and findings gathered as part of primary research 
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Figure 50 below provides a graphical overview of the study’s focus and interrelationship of the various 

elements of successful RNC program design and delivery success. 

 

Figure 1. Study Focus and Interrelationship of RNC Success Factors 

Approach 

The study team approached this research understanding best-practices would have to come from the 
practitioner’s themselves.  Our approach focused on gathering knowledge   on available best practice 
tools, techniques, strategies, and activities and included: 

 Interviews with program managers of “best practice” RNC efforts  

 Interviews with builders from national, regional and local companies (customer and “stick” 
builders) from California and around the U.S 

 Review of relevant literature on the subject 

 Sales staff focus group research 

 Final report synthesis of findings. 

Choosing Best Practice Programs to Interview 

Navigant began its research with a listing of twenty-three (23) potential best-in-class RNC programs 

from around the country, and then narrowed this down to six (6) programs that the research team 

identified as best practice ones.  Figure 51 below provides a listing of the four-step screening 

approach – including a weighting of projects needs criteria  (  #3, below) -- Navigant used to identify 

program manager interviewees: 
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Figure 2. Approach to Selecting Best Practice RNC Programs 

 

The project team then chose seven (7) programs
133

 that it identified as best practice for study 

interviews. These were from programs in Maryland (EmPower), New Mexico (ENERGY STAR), New 

Jersey (NJ Clean Energy Program/ENERGY STAR), Arizona (ENERGY STAR Home Program), North 

Carolina (ENERGY STAR New Home Program), Oregon (Northwest ENERGY STAR Program), and 

the Nevada (Nevada Homebuilders Partnership Program). 

Additionally, the project team interviewed the CAHP program manager leads from the four California 

IOUs for best practice sales and related marketing and program design insights. 

Builder and Subject Matter Experts (SME) Interviews 

Navigant interviewed at total of nine builders from both California and elsewhere in the nation. These 

interviews included large national level builders (5) and regional or custom builders (4) constructing 

home in places.  In addition, the project team interviewed SMEs from a range of organizations, 

including the RNC ENERGY STAR and other i.e., DOE Builders Challenge program leads from the 

U.S. Department of Energy (DOE) and Environmental Protection Agency (EPA), several Building 

Industry Association executives and staff, and related expertise.   

Best Practice Principles and Recommendations 

Key Study Principles  

While our research focused initially on the sales training component of RNC programs, our analysis 
resulted in the identification of three general principles that formed the base of later recommendations 
for a best practice IOU-developed RNC sales training approach. These principles include: 

Principle 1: Program and Builder Partnership -- Focus on Long-term Commitment to Market 
Transformation of the CAHP Builder Sales Market – builders and program managers 
of best practice programs are “in-it-together” through the ups and downs of market 
trends 

Principle 2: Training Approaches -- Focus on the Training Approaches and Tools Relevant to 
the Work of Builder Sales Staff – builder science training helps sales staff a broad 
understanding of the “sizzle’; include direct sales training on best practice sales 
techniques 

Principle 3: Multiple Adult Learning Methods -- Use Multiple Formats and Approaches to 
Learning to Ensure Uptake and Use of the Materials -- different people have different 
learning styles; develop optimized training approaches. 

High-Level Best Practice Findings and Recommendations 

While the study generated numerous relevant specific findings and recommendations (see below), the 
project team identified the following two as having the most impact on successful programs.  

 Sales training should be a key component of overall program design; and 

 A relationship appears to exist between four key elements in the RNC program delivery cycle 
and a program’s overall success in market penetration of program homes. At the high-level, 
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 Six programs were traditional RNC efforts offered by program administrators/utilities.  A seventh was a program created 
collaboratively by Nevada builders as the lead provider. 
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Navigant found these four interrelated and coordinated elements to be present (to one degree 
or another) in best practice RNC program sales and marketing support.  

Best practice programs include: 

o Sales training  
o Building science training 
o Marketing support  
o Long-term relationship building,  

 

We note that while the last bullet, “long-term relationship building” may not be typically seen as a 
sales training component, successful RNC programs interviewed noted the importance this element 
as an enabler to program success. 

Specific Findings and Recommendations I – Customers, Marketing, and Sales 

The team categorized findings into different stages of the marketing and sales process with a focus 
first and foremost on: 1) knowing your buyer --best practices in understanding/knowing the potential 
RNC Green Home buyer’s attitudes and preferences, 2) understanding market barriers and best-in-
class marketing approaches to Green Home buyers, and 3) selling to customer needs.  

Highlights of key study findings for these three categories of information are included below.  This is 
followed by brief highlights of study findings related to program design and direct customer marketing. 

1. Knowing Your Buyer:  Customer Attitudes and Preferences -- Key Issues and 
Takeaways 

Customer Demographics and Market Trends  

Two best practice points of knowledge identified in the research focus on RNC builder sales staff: a) 

knowledge of their customer/buyer, and b) differentiating between different customer types and 

preferences. These two issues resolve into three key questions, per the below:  
 

a) Do you know your customer?  

The study identified key sales and marketing questions that can help sellers of Green RNC homes. 

We note these below, along with research findings in relation to each question:  
 

 What consumers want? – People have a strong emotional desire to own a home; People 

want value and to “live better” in their homes 

 Who is making decision? – 91% of new home purchasing decisions are made or 

influenced by women 

 Energy Efficiency in the market? – Increasing interest in EE; Those who are very 

interested in EE would add up to 20% to purchase price to get features 

 What factors influence purchase decisions? -- While energy efficiency is increasingly 

valued by buyers, in the home purchase process it is not the main factor influencing the 

decision to buy – key purchase factors include: Home cost location, community, lifestyle, 

and floor plan. Energy efficiency tends to come into play as a purchase factor after these 

basic buyer issues are met. Additionally, buyers will still look for be comfort, convenience, 

and safety – perceived as the greatest attributes of homeownership – and EE and green 

marketing can play a role here. 

 

Differentiating Customer Types 

b) Can you recognize different consumer types with different priorities and concerns? 

The project team also found many different typologies of customers that can be used by sales staff to 

enable best practice differentiation of potential green buyer propensities as well as their concerns.  

Figure 3 presents an illustrative example of one typology that identified three types of Green buyers 

that an RNC builders’ sales representative may wish to use to support sales efforts. 
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Figure 3.  Example Green Customer Sales Support Typology134 

 

Understanding the general nature of potential buyers is a skill most sales people learn along the way. 

Typologies like the example one above can help deepen the sales understanding for program homes.  

Below we provide specific study insights related to best practice selling practices and techniques. 

 

2. Marketing Challenges and Approaches to Marketing Green/Energy Efficient Homes -- 
Key Issues and Takeaways 

 

The research identified important barriers that needed to be addressed in marketing and selling best 

practice program homes and sales and marketing strategies help overcome those challenges. These 

are identified below 

 

Barriers, Potential Solutions to Challenges for Marketing “Green” and Green Homes 

 Challenge 1:  Consumer Mistrust -- The literature review revealed that consumer cynicism 
(Greenwash Backlash) about energy efficiency presented one of the greatest challenges for 
marketing and selling RNC program homes.  
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 The Shelton Group, 2012.   http://sheltongrp.com/lp/buzz-on-buzzwords/ 

ACTIVES
Key Characteristics:
 Likely to be female, aged 45-54, 

well-educated and high-income
 Ethnically diverse (significant 

Hispanic population)
 Have children living at home
 Sustainability is big part of self 

image
 Respond best to themes of 

innovation and possibility
 Health is a driving force: label 

readers

How to market to an Active:
 Emphasize brands that are 

authentically green, especially in 
categories where she has no 
brand loyalty

 Use language that stresses the 
positive, not fear or concern

 Tout health benefits
 Appeal to her personal identity
 Reach her online and tie to social 

media community

SEEKERS
Key Characteristics:
 Equally likely to be male or 

female
 Slightly younger than actives
 Average education level
 White collar and middle- to 

upper-income
 Homeowners
 Married with kids at home
 Define green as energy efficient
 Looking for green options in 

lower priced categories

How to market to a Seeker:
 Align your brand with “good for 

the family” concepts
 Avoid high-minded jargon and 

“keep it real”
 Reach her through traditional 

media: TV, radio and magazines
 Tout the reputation and values 

of your company as being about 
more than money

SKEPTICS
Key Characteristics:
 Oldest of the groups
 Predominately male
 Average education level
 Income of $100k or more
 Feel no personal responsibility 

for changing to positively 
impact the environment

 Most concerned about comfort 
and convenience; find comfort 
in tradition

How to market to a Skeptics:
 Emphasize traditional brands 

and lifestyle
 Layer green concepts into 

existing brands, focusing on 
benefit to the buyer, not benefit 
to environment

 Reinforce concepts of self-
determination and 
individualism

 Show how your brand/product 
will make the Skeptic  feel smart 
and powerful

http://sheltongrp.com/lp/buzz-on-buzzwords/
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 Challenge 1 Solution Approach: To reach customers, the biggest challenge in 
building a green brand is getting buyers to believe you.  
 
When selling green products: Do not overdo it, do not be vague, don’t use too much 
“techno-jargon”, and practice what you preach. Keep your advertising copy short and 
to the point: 

 Phrases such as “Go Green” or “Eco-friendly” are not specific or prescriptive 
enough for most consumers 

 Health-related concerns are very strong motivators  

 Sustainable behaviors are emerging as a new definition of what’s socially 
acceptable for more than half of Americans:  

 
Sustainable product marketers should connect to these drivers in messaging and use 
this insight in their online search and ad placement strategies 

 
 Challenge 2: Customer misconceptions of energy efficiency – The literature review also 

revealed that: 71% of potential buyers think they don’t use more electricity currently than they 
did 5 years ago; 50% think their homes are already efficient; 91% claim they’ve already 
changed their habits to save energy, and expect to save half of their utility bill after a $4,000 
investment. 

 
 Challenge 2 Solution Approach: To correct these misperceptions,  

 Teach customers how to be efficient and earn the savings they want. Do not 
assume that buyers know how best to run their high-performance homes 

 Offer and promote financial rewards and other incentives when it is possible 

 Do not oversell savings - manage buyers’ expectations of how much money 
energy-minded features can save them 
 

Strategies for Marketing Green and Green Homes:  

 The research found that a best practice marketing approach focused on using multiple 
marketing channels and on playing to the priorities of various typologies (as noted above). 
Additionally, using a multi-pronged approach to messaging was considered the most effect 
way to reach customers.  

 Specific best practice marketing approaches identified included: traditional print collateral - 
brochures, yard signs, poster boards; traditional media outlets - radio, TV ads; online media - 
online sources are extremely effective as buyers do their research before getting to your door; 
social media - home builders must use this to connect and communicate with prospective 
home buyers, current homeowners and valuable trade partners, like Realtors; and as well 
offer cooperative promotions. 

 Lastly, research related to marketing to consumer perceptions of energy efficiency and Green 
pointed to several key messaging factors. These include: first, the need to understand what 
motivates consumers and, second to address messaging to consumers, remembering that 
there is no universal way to motivate everyone. Specific approaches include marketing to the 
different priorities and concerns of the different consumer groups, e.g., describing the comfort 
(i.e., the benefit gained) to sell the insulation; and using “creative” names for features so they 
resonate with buyers 
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3. Selling to Customer Needs – Key Issues and Takeaways 

Consumer selling is an art that RNC sales staff, no doubt, practice with excellence and expertise.  
This said, insights and key takeaways revealed through the best practices research on the purchasing 
process and in the selling process can help RNC builder sales staff improve approaches to selling 

program homes.  

The Purchasing Process:  

Research identified an old sales adage that says: People Buy on Emotion, Justify with Logic & 
Make Decisions in Silence.  
 
Given this, it is important to address these issues in the selling process.  Below we identify several 
best practice approaches:  

 Sales staff should endeavor to meet the customer’s emotional needs. This implies that the 
sales approaches must: 

 Include practical information to allow rationalization of purchase 
 Know when to be quiet 

 Prime motivators for buying a home, as noted, include the large influencers and the smaller 
ones: 

 Large Influence: Location, Community, Price, Lifestyle, Space, Safety 
 Small Influence: EE/Green  

 Top 5 Reasons to buy green home:
135

 
 Cost savings 
 Reduced water use 
 Environmental impact 
 Improved air quality 
 Increased value of home 

 
In the end, it is the way a home feels that makes all the difference. 
 

The Selling Process 

The research found another old sales adage to be well founded i.e., Sales are Sales, best practice 
sales techniques use the same basic successful approaches, whatever the product.  We highlight 
several of these below. These focus on the following: 

 Selling Consumers What They Want  
 Emotional connection with the home  
 Comfort, low-maintenance  
 Safety from pollutants, pollen, mold  

 Giving Them What They Need  
 Rational justification for their purchase  
 Energy-efficient appliances and other products, including lighting  
 Best practices in building 

 Bottom Line:  Average buyer wants: 
 The best they can afford today 
 To live better 

 
The study found that selling “the living better” aspect of an efficient home was a best practice in sales 
messaging. 
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 J.D. Powers (2009) 
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Specific Findings and Recommendations II – Program Training and Program 
Design 

Navigant’s study team developed a broad set of recommendations on program training and design, 
based on the interconnection between them and builder marketing support.  Table 26 provides a 
summary of key issues study recommendations.  This is followed in Figure 52 with a series of 
recommended linked best practice training formats for RNC builder sales staff (delivered or contracted 
for by program staff).  

Table 27. Navigant Recommendations for Best Practice RNC Builder Sales Training Module and 

Related Program Design and Participant Marketing Support Features 

Navigant 
Recommendations Supporting Findings 

Training 

Develop a builder sales training 
component 

 “Lack of sales skills” is among the key barriers to the adoption of energy efficiency 
technologies in the home building industry  

 Offering training as a program benefit supports increased long-term program 
participation 

Use Adult Learning principles 
and techniques 

 Trainings targeting adult professionals are more successful when: 

 Designed to ensure that the learning process is experiential, and acknowledges 
and respects participant knowledge and life experience – adult learners should 
understand why something is important to know or do.  

 To the extent practicable, participants have the freedom to learn in their own way – 
and on their own schedule, but with specific objectives to achieve.  

 Approaches incorporated case studies, role-playing, simulations, training exercises 
that incorporate multiple styles of learning, and self-evaluation.  

 Applied in online trainings as well, which can provide unique ways to meet the 
needs of adult learners, particularly by providing a sense of control over their own 
learning. 

 Regular short “refresher” courses are offered as a follow-on to an initial longer and 
more detailed training. 

Translate building science 
“Features” to “Benefits” 

 Because there are as many such definitions of “home” as there are home buyers, 
sellers must quickly recognize which features will best resonate with different buyers, 
as well as which approaches and sales tools will best demonstrate them and speak to 
the buyer 

 Trainings structured in an interactive way to take advantage of existing sales staff 
knowledge as a base for then incorporating “best practice” training and role-playing on 
energy efficiency buyer “typologies” and approaches to each are more likely to be 
successful  

 Focus on energy efficiency as a “Better Than” option to a competing home with lesser 
energy efficiency features and benefits, 

 Emphasize energy efficiency as a key deciding point after a buyer’s decisions related 
to price, location and floor plan are considered is a key finding 

 Use sales tools that work to convey the benefits of efficient features and how best to 
use them with various homebuyer types (e.g., wall placards and deconstructed homes) 

Understand buyer types and 
preferences for energy efficiency 

 Train builder sales staff to identify and understand buyers’ attitudes as related to 
“green” or energy efficiency, including providing tools and approaches (e.g., training on 
appropriate language for different “types” of buyers), can help the sales staff best use 
the benefits of energy efficiency in their sales presentations 

Use multiple training formats 

Beyond the offering of classroom face-to-face training opportunities: 

 Utilities should also consider building into the module continued learning opportunities to  
help ensure that the training becomes rapidly integrated into CAHP core program design 
as an important benefit of the program offered by the IOUs and the CPUC 



 

280 
 

Navigant 
Recommendations Supporting Findings 

Provide tools, “rewards” and 
“benefits” that support ongoing 

trainee interest 

 Providing supportive “Rewards” and “Benefits” for attending the training can help both 
sustain the knowledge gathered in the training and support continued builder sales staff 
interest  

 Supportive tools help build confidence within the trainee community that they can 
successfully use the knowledge gathered in the CAHP trainings on a day-to-day basis to 
help them sell more program homes.  
o Tools such as sales “playbooks” provide support for long-term retention and use of 

training 
o “Takeaway” Story / Poster Boards of CAHP Energy Efficiency Features can be 

used by sales agents in their model homes to educate buyers 
o “Rewards” such as framed certificate of completion/attendance provide on-site 

confidence building support and program recognition 

Program Design 
Align program theory and design to 
focus on:  

(1) long-term builder relationships,  
(2) relationship building and 
training with other parts of the 
industry (i.e., appraisers, real estate 
agencies, mortgage lenders),  
(3) consumer marketing 
advertising,  
(4) building science training,  
(5) sales training and  
(6) story-board/silent sales signs 
and other consumer marketing 
support 

 A relationship exists between sales training, building science training, marketing support 
and long-term relationship building and a program’s overall success  

 IOU efforts will be far more successful with a focus on developing training approaches 
and materials that can provide a long-term horizon for ensuring that the builder sales’ 
staff is kept up-to-date on energy efficiency, and feel part of the transformed market 
related to excellence in sales of CAHP efficient homes 

Offer the sales training as a benefit 
of program participation 

 Program-supplied trainings serve to ensure energy savings goals are achieved by 
helping to ensure real performance in the field. As a benefit to builders, these program 
offerings work to both recruit and retain participants, as well as position the utility as a 
valuable trade ally and energy efficiency expert. 

 Successful programs offer some sort of "sales" training to participating builders – 
typically building science. More successful programs offer both building science and 
how to sell trainings. The most successful programs offer both types by “handholding” 
builders through the educational process to build both builder sales staff confidence, 
and program loyalty. 

 When builders feel they are receiving a benefit exclusive to program participants (and 
therefore a perceived competitive edge), it helps build program loyalty, as well as drive 
participation. This will likely be increasingly important as building codes become more 
stringent. 

Participating Builder Marketing Support 

Develop and offer consumer 
marketing support to participating 
builders, as ENERGY STAR does, 

by providing such tools as 
templates and logos for print and 

electronic collateral materials 

 Offering marketing support as a benefit can help to build program participation and loyalty 

 Providing builders with pre-designed templates and logos will help: 
o  Build and ensure the integrity of the CAHP brand 
o Ensure accurate and enticing information about the benefits of energy efficiency are 

being released to the consumer market 
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Best Practice Examples of Consumer Messaging and Marketing for EE and 
Green Homes 

Figure 4 provides examples of some of the best practice marketing found in study research. 

 

Figure 4. Example Best Practice Residential New Construction Program Messaging and Advertising 

 

 

Conclusion and Recommended Training Formats and Tools Recommendation 

The study focused on searching out Best Practices in RNC sales and marketing, and on 
recommending best-in-class training approaches to the RNC CAHP program for the California IOUs in 
developing a sales training module. As noted above, the research also provided keen insights to 
many related program design and customer focused issues.   

Figure 53 below provides final study recommendations for sales training formats and related 
supporting tools.  Navigant recommends four components of a best practices builder sales training 
module. These include an annual foundational training and mid-year updates as well as shorter 
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account manager briefings and question answering at participating builder sales staff meetings and 
provision on online learning modules to support non-face-to-face training.  Related supporting audio 
visual and marketing materials are also included in the recommended training module. 

Navigant’s approach bases itself on the need for high-touch relationships with program participants.  
Beyond specific sales training, Navigant highly recommends that building science training to sales 
staff be a component of an RNC sales offering.  The elements noted earlier in this paper related to the 
interconnection of sales training, building science training, marketing support, and long-term 
relationship building hold the key   to successful program design, delivery and market uptake success. 
These are built in to the recommended sales training formats and tools presented below.    

    

 

 
Figure 54.   Recommended RNC Best Practice Training Formats and Tools 

 
In conclusion, best practice RNC design and delivery teams create long-term relationships with their 
building partners and provide them with significant support in terms of training on marketing and 
sales.  California utilities rank among the best of the best in terms of providing support to their 
participating CAHP builders. This study adds recommendations to enhance the California IOU’s “tool 
chest” of support for program builders.  

Annual Foundational One-day Training(s)

Half-Day Mid-Year Updates

IOU Account Executive Led Concise (30-45 min) 
Presentation/Training for CAHP Builder Sales Staff

Web-based Learning Update Module

Training Related Audio-Visual Handouts   

(Powerpoint, DVDs, Booklets, and other  support)

*  Takeaway Silent Sales Signage/Story/Poster Boards for 
Model Display use
(Explaining Different Energy Efficient Feature of the CAHP House)

*  “Sales Playbook” – Strategies for Sales Excellence In the 
Field, for Sales Staff Attendees

*  Certificate of Completion form CAR and/or CBIA

*  CAHP Membership Required or a Positive Benefit

Training Format #1

Training Format #2

Training Format #3

Training Format #4

Supporting Tools 2–
Rewards and Benefits 

for Attending the 
Training

Supporting Tools 1 – Basic
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Economic impacts of deploying different battery technologies and 
a time-of-use electricity pricing in a Brazilian commercial building 

Luan G. M. dos Santos; Izana N. R. Vilela; Gilberto M. Jannuzzi 

State University of Campinas 

Abstract  

This work aims to carry out an economic analysis of the application of different battery technologies 
designed to store electricity during off-peak periods, so as to provide such energy to a building during 
an identified peak period. Three storage technologies are considered: lithium-ion, sodium-sulfur and 
vanadium-redox batteries. The proposal is focused on commercial buildings with high cooling loads 
located in Brazil. A case study is conducted comparing the combination of the two existing tariffs 
available in the country for high tension consumers (known as Blue and Green tariffs) under three 
strategies for discharging the batteries: (A) during the peak demand period of the building, (B) during 
the peak period defined by the distribution utility and (C) meeting demand at the peak period of the 
utility resorting to hypothetical batteries with exact dimensions for this purpose. The results show that 
the first strategy causes the annual electricity bill to increase, and that only the third strategy 
combined with the Green Tariff is viable, having the vanadium-redox battery the best performance. 

Key-words: Energy Storage; Load Shifting; Batteries; Time-of-Use Pricing 
 

1. Introduction 

Many technical benefits can be drawn from coupling energy storage with photovoltaic (PV) systems. 
Distribution and transmission relief and ancillary services are among the advantages of local 
consumption of PV power offered by storage, let alone the flexibilization of PV power use [1]. In 
Brazil, a grid-connected prosumer

136
 can combine storage and PV, but can storage alone be an 

attractive investment for consumers adhering to any of the time-of-use (TOU) tariff arrangements 
currently offered in the country?  
 
Inserted in a broader research aimed at comparing the economic profitability of using energy storage 
with and without a PV generator in a building of commercial profile in Brazil, this work has as main 
objective evaluating how the major technical and economic features of different battery technologies, 
as well as different discharge strategies, can affect the economic feasibility of a battery storage 
project for load-shifting. Thermal storage is usually applied in buildings for this purpose, shifting 
heating and cooling demands from peak times to periods of lower demand, when heat or cold can be 
produced from electricity and used during peak-demand times [2]. Electrochemical batteries are the 
considered storage technologies in this study. 
 
Several battery technologies were developed after the lead-acid one, and they can be classified as 
primary (not rechargeable) and secondary (rechargeable) [3]. Each battery has advantages and 
drawbacks in terms of power density, capacity, efficiency and cost. As most batteries undergo self-
discharge, they are particularly suitable for short-term energy storage. The worsening of performance 
with increasing charging and discharging cycles is also a disadvantage of such technology [4]. 
Important performance factors for batteries intended for use in power systems include power range, 
storage capacity, life cycle cost, lifetime in cycles and in continuous time, security and licensing 
considerations, size and roundtrip efficiency, besides operation and maintenance (O&M) 
requirements [3].  
 
Choosing the time of the day for discharging batteries to reduce their power demand from local 
distribution grid is a crucial decision for the economic analysis of a load-shifting project. Recently, the 
Brazilian power system has seen a shift in peak demand periods from evening to mid-afternoon in hot 
seasons, so that the peak demand for electricity overlapped the peak cooling load of buildings, as one 
can observe from the evolution of the National Interconnected Electricity System load curves from 
2000 to 2014, presented in [5]. Howsoever, the commercial sector is fundamentally expected to 
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exhibit peak demands for electricity during the day at any season. On the other hand, electricity 
distribution utilities in Brazil currently establish, for the entire year, three evening hours as peak 
demand period, when higher prices are applied to consumers under time-of-use tariff schemes. 
Hence, the mismatch between peak demand and tariff peak raises the question whether reducing the 
off-peak contracted demand of a commercial building via load shifting is worth it and, if so, whether it 
can be more advantageous than reducing an already low peak contracted demand. Therefore, this 
study compares the economic feasibility of three strategies: (A) discharging the batteries during the 
building peak demand, displacing the load to reduce the maximum demand of the building (B) 
discharging them during the peak of utility and (C) discharging hypothetical batteries with exact 
dimensions for meeting the demand during the peak of utility. Three of the most recent battery 
technologies, with deep allowed discharge and relatively long lifespan are considered in this work: 
lithium-ion, sodium-sulfur and vanadium-redox batteries.  
 

2. Methodology 

2.1. Load profile determination 

The power consumption is estimated and presented in curves representing a typical daily load profile 
for each month of the year, being every profile composed by the sum of two components: the air-
conditioning (AC) system and further electrical appliances loads. The latter component was deduced 
from data collection in fieldwork. Such collection consisted of accounting the power rating and 
estimating the time of use of all the active electrical appliances and lighting in the building. 
Accordingly, such overall electrical load is deemed constant over the days for the purposes of this 
work. 
 
On the other hand, considering the variations of local climatic conditions along the year, a modeling 
approach was adopted to estimate the AC consumption in a manner that could consistently represent 
typical power demand curves for each month, availing on the so-called Radiant Time Series (RTS) 
method for cooling loads prediction. A code written in MATLAB for the thermal load calculation 
consisted basically of a revision of the spreadsheet - and its respective open VBA code -  developed 
by Jeffrey D. Spitler [6], and the main algorithms of the method were figured out through [7]. In light of 
the 2005 ASHRAE Handbook [8] a number of equations were replaced in the code, as well as some 
parameters in order for the outputs to be provided in SI units. The set of daily ranges of ambient dry-
bulb temperatures in the city of Campinas in São Paulo State were based on historical average 
minimum and maximum temperatures recovered from the website Accuweather [9] . Availing on such 
daily ranges data, typical outdoor ambient temperatures have been estimated via the solar equations 
provided in [8], and the geographic coordinates of the location were used to estimate the solar 
irradiance incident on the walls and roofs of the building. From knowledge of the thermodynamic 
properties of the refrigerant fluid and the technical data of the compressor used in the central chiller 
unit of the building, the coefficient of performance (COP) of the vapor compression refrigeration cycle 
was estimated, so that the power demand of the chiller for each hour was calculated via equation 1. 
 

Pchiller(t)=
Pthermal(t)

COP
 (Equation 1) 

 
In the above equation, Pchiller(t) stands for the electric power demanded by the chiller unit at the hour t, 
while Pthermal(t) is the cooling load at the same hour. Finally, the AC electric power demand was 
evaluated as the sum of Pchiller and the power required by the chillled water pumping system, 
expressed in equation 2. 
 

PAC(t)=Pchiller(t)+Ppump(t) (Equation 2) 

 
2.2. Battery project and operation 

2.2.1. Dimensioning 

Two storage systems are considered in this work. Firstly, a battery stack of 82.705 kWh and 10.75 
kW, corresponding to the full storage dimensions for the 13.515 kWp PV system considered in the 
research in which this study is inserted, is adopted for comparing the annual electricity bills of two 
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stored energy dispatching strategies: 
 

 Strategy A: discharging the batteries during the peak demand period of the building (from 2 

p.m. to 5 p.m.). 

 Strategy B: discharging the batteries during the peak period defined by the distribution utility 

(6 p.m. to 9 p.m. during the conventional time and 7 p.m. to 10 p.m. during the DST - daylight 

saving time). 

 
Strategy A is expected to reduce the overall contracted power demand of the building, in addition to 
the systemic benefit of contributing to reduction of utility peak demand during hot days. Only the 
decreased contracted power can entail some revenue, as no difference in energy price occurs 
between buying and dispatching times. Strategy B, instead, allows reducing or exactly meeting 
demand, and even selling power to the local grid at a higher price than the purchased one. However, 
selling power to the grid is not allowed in this specific case, since this building is not considered as a 
power generator under the current regulation. 
 
From knowledge of the capacity, Emodel, and power rating, Pmodel, of each selected commercially 
available battery model (see Table 1), the number of deployed batteries is determined by means of 
the following algorithm, in which Ebat,0 and Pbat,0 represent the desired capacity and power, 
respectively: 
 

Nbat = max (
Ebat,0

Emodel⋅DoD
,

Pbat,0

Pmodel

) 

 

If           Nbat-floor(Nbat) ≤ 0.3 ∧ floor(Nbat)>0     

   Nbat=floor(Nbat) 
 Else 
   Nbat=ceiling(Nbat) 
 End 

 
Following the former algorithm, whenever Nbat is not a positive integer number and its fractional part is 
equal or less than 3, such number is rounded towards minus infinity, so that Nbat equals its own 
integer part. Thereby, the model allows up to 30% of power or capacity to be smaller than desired in 
favor of not deploying one more battery. Also, this algorithm guarantees that at least one battery is 
used. Equations 3 and 4 update the battery stack capacity and power according to the number Nbat: 
 

Eavailable=Ebat=Nbat⋅Emodel (Equation 3) 

 

Pavailable=Nbat⋅Pmodel (Equation 4) 

 
Since this study is intended to evaluate average power values over each hour, the quantity Pavailable is 
regarded as the maximum value of charge or discharge power available to the battery stack. 
Howsoever, a charging interval Δtcharging of 8 hours is set, so that the average stack charge power is 
limited by the following algorithm, in which SoC stands for the battery state-of-charge, and the 
subscript 0 indicates initial condition:  
 

       Pcharge= Ebat(1-SoC0) Δ⁄ tcharging (Equation 5) 

If Pcharge>Pavailable 

Pcharge=Pavailable  

End 

 
In the adopted discharge scheme for the three hours of the peak period, the discharge power is set to 
equal the available stack power (Pavailable); after every hour of discharge, in case the remaining stored 
energy is such that the maintenance of Pavailable results in depletion of the battery before the end of the 
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discharge period, the discharge power is set to equal the remaining energy divided by the time step 
(Δt = 1 hour) considered in this work. This study does not account the daily self-discharge rate of any 
battery type, nor does it consider tension drops as the depth of discharge of the batteries increases 
and loss of storage capacity or efficiency along the period of analysis. 
 
Besides, to evaluate the hypothetical case of simply meeting demand at peak of utility hours 
(hereinafter referred to as “Strategy C”), a second storage system is designed, having its energy 
capacity and power rating derived, respectively, from equations 6 and 7: 
 

Ebat= ∑ Ptotal(t)

tf

t=t0

∆t 

(Equation 6) 

 

Pbat=max(Ptotal(t0),…,Ptotal(ti),…,Ptotal(tf)) (Equation 7) 

 
In the above equations, Ptotal is the average total building load in the hour t of the day of maximum 

power demand, during peak of utility period, over the year; t0 and tf are the initial and final hours of the 

considered peak period, while ti represents any hour in between. 
 
2.2.2. Battery characteristics and inverter selection 

Three battery models of different chemistries have been chosen for this study. Table 1 presents their 
energy capacities, power ratings, efficiencies, prices, maximum allowed depth-of-discharge (DoD), 
lifespans (cycle life and calendar life) and the required quantity of each model in this work. It is 
important to note that the price, in US dollars, for the Tesla Powerwall model is available on the 
manufacturer’s website [10]. The prices of the remaining battery models are estimated relying on 
values presented in literature. 
 
Table 1. Battery Models Information for Strategies A and B. 

Battery 
model* 

Dimensions 
(kWh / kW) 

Roundtrip 
efficiency 
(%) 

DoD 
(%) 

Lifespan 
(cycles) 

Lifetime 
(years) 

Unit price 
(US$/kWh)** 

Required 
quantity 

Total 
price 
(R$)*** 

Tesla 
Powerwall 
(Li-ion) 

13,5 / 5 [10] 0.89 100 5,000 15 459 [10] 6 204,130.46 

NGK NAS 
module 
(sodium-
sulfur) 

200 / 33 [11] 0.85 90 4,500 15 400 
 

1 438,990.24 

redT 5-20 
(VRB) 

20 / 5 [12] 0.85 100 12,000 20 575 4 252,419.39 

(*) Where not specified, information has been extracted from references [13] and [14].  
(**) For the Li-ion battery, unit price is calculated based on the informed available capacity (13.5 kWh) 
instead of the rated capacity (14 kWh). The remaining prices are taken as the average value of the 
informed cost range of each technology. 
(***) Including import, federal and state taxes. US$1.00 approximated as R$3.10, in view of recent 
exchange rates [15]. 
 
For the purpose of this work, the fundamental parameters required of the inverter to be combined with 
the battery stack are its efficiency and its purchase price. The chosen Li-ion battery system integrates 
a converter device, and its efficiency is considered the same of the inverter used with the other battery 
technologies. NaS and VRB batteries require the installation of an inverter suitable for their power 
ratings. For reasons of simplicity, and based on data available in [16], it is assumed a purchase price 
of € 300/kVA for an inverter.  
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The price estimates and efficiencies for the inverters are summarized in Table 2. 
 
 
Table 2.  Inverter Characteristics for Strategies A and B 

Battery stack 

Required inverter 
max. power output 
(kVA) 

Inverter 
total price 
(R$) 

Assumed inverter 
efficiency (%) 

Assumed lifetime 
(years) 

NGK NAS module 33 35,640 95 10 

redT 5-20 (VRB) 
 

20 21,600 95 10 

Assuming € 1 = R$ 3.6, in view of recent exchange rates [15]. No tax is considered. 
 
Strategy C, in turn, envisages the adoption of an inverter for each of the three battery technologies. 
Moreover, it is hypothesized that one unit of each technology is required, so that its purchase price is 
defined as the multiplication of the unit price from Table 1 by the required storage capacity. 
 
2.2.4. Charging and discharging scheme 
 
The battery stack is set to be charged before the considered peak period. The quantity Pgrid 
represents the average value over each time step Δt of the power purchased from the grid. As one 
can see in Figure 1, the energy flows from the power grid to the batteries and from the batteries to the 
building loads include losses, here accounted for by the inverter efficiency and the battery round-trip 
efficiency. Elsewhere ohmic losses are neglected. 
 

Figure 1. Power Flows in the System 

Source: Authors 
 
The flowchart shown in Figure 2 presents the algorithm, ran for each hour of a considered day, to 
account the amount of energy remaining in the battery and the power effectively purchased from the 
grid, whether it is entirely or partially correspondent to the total building load according to the energy 
availability of the battery stack and to the period of the day. 
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Figure 2. Flowchart of Battery Operation for Each Hour  
 
Source: Authors 

 The symbol t stands for current hour.  

 ηbat and ηinverter are the battery and inverter efficiencies, respectively. 

 SoCmin represents the minimum allowed state-of-charge of the battery (1-DoD). 

 
2.3. Economic analysis 

The first step of the economic analysis of the investment consists of checking if the annual energy bill 
is reduced. Then, only the strategies out of A, B and C entailing bill reduction are deemed worth 
adopting and selected for profitability analysis for the successive years. Such evaluation considers the 
costs and revenues coming from the storage system, and it is carried out by means of a cash flow. 
The following indicators are used as evaluation criteria: net present value (NPV), internal rate of return 
(IRR) and payback time. Table 3 shows the components of the cash flow and how they are evaluated. 
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Table 3. Cash Flow Components 

Initial 
Investment 

Annual costs Annual revenues 

Component Evaluation Component Evaluation 

Battery stack & 
Inverter 
(considering 
substitutions, if 
applicable) 

Lost Energy from 
Storage 

(Stored energy – 
energy dispatched 
from batteries) x 
(off-peak energy 
tariff + TUSD) * 

Reduced 
Power Demand 

1) Strategy A: reduced 
demand multiplied by 
off-peak power 
demand tariff. 

2) Strategies B and C: 
reduced peak demand 
multiplied by peak 
power demand tariff. 

O&M (fixed cost 
per year) 

Li-ion: 0 
Nas and VRB: 
US$20/kW of 
battery stack
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Dispatched 
Energy from 
Storage 

(energy dispatched 
from batteries) x 
(energy tariff + TUSD, 
at time of dispatch) * 

*TUSD: Tariff of Use of the Distribution System 
 
The analysis period is defined based on the lifespan of the most durable battery. Therefore, 
considering the batteries are cycled once a day and that the batteries operate 260 days a year 
(excluding weekends), the amount of years for the economic analysis is set as the minimum between 
the calendar life and the cycle life, evaluated in years, of the VRB battery.  
 
The so-called SELIC (from Portuguese, Special Settlement and Custody System) interest rate, 
defined by the Monetary Policy Committee (Copom) is commonly used in Brazil as Minimum 
Attractive Rate of Return (MARR), as well as yield of savings and remuneration of public titles [17]. 
According to [18], by using the SELIC rate as MARR for a project, it is considered there is no 
additional risk to the investment. Thus, the MARR for this analysis is set as 11.5%, the most recent 
rate defined by Copom [19].  
 
The target for annual tariff readjustment specified by the Brazilian Central Bank for the year of 2017 is 
4.5% [20]. However, a variation of ±1.5% is expected, and the effective inflation rate of 2016 reached 
the value of 6.29%. Therefore, the adopted value in this study is 6% per year. Table 4 summarizes 
the parameters used in the investment analysis. 
 
Table 4. Parameters for Investment Analysis. 

Element Value Periodicity 

MARR 11.5% per year 

Tariff increase 6% per year 

Analysis Period 20 years - 

 

3. Case Study 

3.1. Characteristics and load profile of the chosen building 

In view of its operation profile, the Interdisciplinary Center of Energy Planning (NIPE) of the University 
of Campinas has been chosen as study object for this analysis. This research center works in typical 
Brazilian business hours, period considered in this study as 8 a.m. to 6 p.m. Some power demand 
occurs during night and weekends because of an air-conditioned computer cluster running 24 hours a 
day. The main characteristics of the building considered for purposes of thermal load calculation are 
summarized in Table 5. 

                                           
137

 Reference [10] states there is no maintenance requirement for the Li-ion battery. For NaS and VRB, the values of ~80 and 
~70 US$/kW/year are considered in [14]. Instead, in reference [24], both are considered as requiring 20 US$/kW/year for 
O&M, value adopt in this study.  
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Table 5. Building Information 

Color: white 
Wall type: concrete block (U = 
0.693 W/m²K)* 
Roof type: metal tile with 
insulation (U = 0.454 W/m²K)* 
Average occupation: 27 people 
Working hours: 8 a.m. - 6 p.m. 

Surface data 

Orientation North South East West 

Wall total area (m²) 119.91 220.93 182.18 177.87 

Wall glazed area (m²) 66.80 58.97 14.58 9.54 

Roof area (m²)** 104.22 104.22 60.79 68.25*** 

(*) “U” stands for the shape factor considered as a global convection heat transfer coefficient of the 
respective surface. These values were extracted from [21]. 
(**) North and South roofs are tilted to 21.8 degrees. The remaining is considered not sloped. 
(***) Of which 34.2 m² are considered glazed. 
 
The resulted load profile of the building is shown in Figure 3. The red curve represents its total load 
profile, while the blue and yellow curves represent the loads of electrical appliances and lighting and 
of the air conditioning system, respectively. Each cycle represents an average daily consumption in 
the considered month. 
 

Figure 3. Load Profiles of the Building 

Source: Authors 
 
3.2. Tariffs  

There are currently two TOU electricity tariffs in Brazil, the so-called Blue and Green tariffs, so that 
consumers connected to high-voltage can adhere to one or another modality depending on the 
voltage at which they are served by the distribution utility. By 2018, the White Tariff, a TOU pricing 
offered to low tension consumers, will be introduced in the country. In this work, both Blue and Green 
tariffs are considered, regardless of the actual tariff scheme in which the analyzed building is inserted, 
allowing analyzing the economic impacts of load-shifting using the batteries for both categories. In 
Blue Tariff, consumers from the so-called A2 class, served in the range of 88 to 138 kV [22], are 
regarded, while in Green Tariff, A4 class (2.3 to 25 kV) is considered.    
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The Blue Tariff differentiates electric energy consumption and power demand, according to the hours 
of use throughout the day. The Green, in turn, is characterized by differentiated tariffs of electric 
energy consumption according to the hours of use and a single power demand tariff. Moreover, in 
Brazil there is also a system of tariff flags which signals to the consumers the real costs of electricity 
generation. The flags colors (green, yellow and red) indicate if energy price hikes occur, in function of 
generation conditions [23]. The tariff values charged by the local distributor, CPFL Paulista, are 
presented in Table 6. Green flag, corresponding to favorable generation conditions and entailing the 
smallest tariff values, is adopted and set constant over the analysis period.  
 
Table 6. Tariff Values Applied in the Concession Area of the Electricity Distributor 

Tariff Components 

Blue Tariff – A2 class Green Tariff – A4 class 

Value without 
Taxes 

Value with 
Taxes 

Value without 
Taxes 

Value with 
Taxes 

Energy - Peak (R$/kWh) 0.37 0.47 0.37 0.47 

Energy - Off-Peak 
(RS/kWh) 

0.24 0.31 0.24 0.31 

TUSD Peak (R$/kWh) 0.03 0.04 0.69 0.89 

TUSD Off-Peak (R$/kWh) 0.03 0.04 0.04 0.05 

Power - Peak (R$/kW) 13.60 - 11.06 - 

Power - Off-Peak 
(R$/kW) 

6.29 - 11.06 - 

Source: [22] 
 
3.3. Results 

From the load curves shown in Figure 3, the battery stack dimensions for Strategy C should be 6 kWh 
and 2 kW, corresponding to the peak-of-utility period demand in a typical working day of January. In 
this scenario, it is considered that battery models of these exact dimensions are manufactured in the 
country and that the prices from Table 1, converted in R$/kWh, reflect their final unit prices. Table 7 
presents the final prices for all the three technologies and the inverter price, which does not change 
with battery technology, in view of the unchanged 2 kW power rating. 
 
Table 7. Battery and Inverter Prices for Strategy C 

Battery Technology Final Unit Price (R$) 
Inverter Price 
(R$) 

Li-ion 8,537.40 2,160.00 

NaS 7,440.00 2,160.00 

VRB 10,695.00 2,160.00 

   
Because of their lifespans, Li-ion and NaS batteries, as well as the inverters, must be replaced once. 
All the replacement costs are added to the initial investment costs. 
 
Figures 4 and 5 illustrate the annual energy bills for the building under Blue and Green tariffs, 
respectively. In both cases, no investment can be justified for Strategy A, and investment analyses 
are carried out only for the remaining strategies. Their results are shown in Tables 7 to 9. 
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Figure 4. Annual Energy Bills – Blue Tariff 

Source: Authors 

 

Figure 5. Annual Energy Bills – Green Tariff 

Source: Authors 

Figure 6 shows, for a typical January day, the net power demanded from the grid with the adoption of 
all the batteries in both strategies C and B.  
 

Figure 6. Net Power Demand from the Grid in a Typical January Day – Strategies B and C 

Source: Authors 
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It can be noticed that, in Strategy C, the power demand virtually equals zero during the peak period of 
utility. Howsoever, this is the month of greatest demand, so that, in the remaining months, a 
considerable amount of power is fed into the grid by resorting to this strategy. 
 
Table 7. Net Present Value (R$) 

Technology applied 

Battery operation strategy 

Strategy B Strategy C 

Blue Tariff Green Tariff Blue Tariff Green Tariff 

Li-ion -268,491.34  -82,816.34  -10,892.37   2,774.92  

NaS -733,820.22  -577,202.03  -10,769.40   3,251.52  

VRB -208,247.57  -70,127.51  -6,584.40   7,436.52  

Table 8. Internal Rate of Return 

Technology applied 

Battery operation strategy 

Strategy B Strategy C 

Blue Tariff Green Tariff Blue Tariff Green Tariff 

Li-ion -0.2% 8.4% 3.5% 13.8% 

NaS -5.8% 0.6% 2.6% 14.4% 

VRB -1.3% 7.8% 5.0% 18.7% 

 
Table 9. Payback Period (Years) 

Technology applied 

Battery operation strategy 

Strategy B Strategy C 

Blue Tariff Green Tariff Blue Tariff Green Tariff 

Li-ion 20.30 11.39 15.9 8.7 

NaS 32.75 18.29 16.9 8.5 

VRB 21.88 11.78 14.5 7.0 

 
3.5. Discussion  

The binomial character (i.e., energy and power components) of the TOU tariffs raises the question 
whether simply reducing the overall contracted demand of the building can be profitable, motivating 
the evaluation of Strategy A. Combining the battery models and the tariffs here considered did not 
make this strategy viable.  
 
From Figure 6, one can notice that battery stacks deployed in Strategy B entail clearly different load 
curves. The greatest capacity and power are verified for the NaS stack, followed by Li-ion and VRB, in 
this order. In turn, all the load curves of Strategy C are virtually coincident, since the hypothetical 
batteries for this strategy are conceived as having the same dimensions and, technically, only their 
efficiencies and lifespans differ. 
 
The results of the investment analysis show that only Strategy C with the considered Green Tariff 
scheme would be worth making, having the VRB battery model the best performance (positive NPV’s, 
IRR’s greater than MARR and payback periods shorter than half of the battery lifetime). The main 
factor explaining such accomplishment is the long lifetime of VRB, avoiding replacement and requiring 
a substantially smaller overall investment when compared to the other technologies. Although all the 
batteries in both strategies cause the annual energy bill to decrease, their capital costs are high, 
particularly for Strategy B, in which the costs are greatly raised by the taxes applied in the batteries, 
that currently might be imported.  
 
The results here presented correspond to the conditions of a particular building, with its specific load 
profile and energy tariffs, of which the economic viability of an electricity storage strategy strongly 
depends. Moreover, the costs considered for the NaS and VRB batteries, as well as those of the 
inverters, were not assessed in the real current market; rather, they express estimates based on 
values found in literature. 
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It is important to highlight that the contracted demand is considered null even when power is injected 
in the grid. In such situations, this study considers the consumer is remunerated for this injection at a 
price correspondent to the tariff in force. Indeed, the Brazilian regulatory framework does not address 
the specific case of demand-side storage for load-shifting yet. The regulatory treatment of distributed 
energy assets in the country is incipient, and uncertainties regarding how tariffs and peak periods of 
utilities will be set in the years to come and how the electricity regulator may regard bill 
compensations for load-shifting storage do not allow a proper investment evaluation and ponder over 
when to invest. 

4. Conclusions 

The concept of load shifting aiming at flattening the electrical demand curve of a building is in line with 
increasing systemic capacity factor, as it can result in displacing energy consumption from the grid to 
periods of cheap electricity generation, relieving the usual peak demand met by utilities and 
collaborating to avoid, in the long run, investment in expansive peak generation plants.   
 
In this work, the adoption of three different battery technologies for load shifting was assessed for 
three strategies of load shifting of a commercial building at high tension power line: (A) discharging 
commercially available batteries during the peak demand period of the building, (B) discharging the 
same batteries during the peak period defined by the distribution utility and (C) simply meeting 
demand at peak of utility hours with hypothetical battery dimensions fitting this application. Only the 
latter strategy is shown as worth adopting in the investment analysis, provided it is combined with one 
out of the two TOU tariffs currently offered in Brazil considered, the so-called Green Tariff. The local 
dependence of the economic viability of storing electricity was also discussed, as the building is 
inserted in a specific condition of demand and energy tariff framework. 
 
In the condition that, during hot seasons, peak demands met by local distribution utilities are 
continuously verified during afternoon, it might be the case of shifting to this period the application of 
higher tariffs in those seasons, enabling new analyses of investment in batteries. 
 
Future analysis must seek to evaluate the investments in all the three technologies relying on precise 
prices practiced in the real market, since, in this study, the authors could find such information only for 
the Li-ion model. Also, the same methodology and strategies here exposed can be adopted for 
considering a building at low tension grid, category which will soon be offered a TOU tariff in Brazil, 
called White Tariff. An economic analysis including a distributed PV generator shall be also 
considered in this research as an alternative source of electricity, in order to assess the impacts of 
such a resource supposed to promote a degree of independence from the local electricity distribution 
grid.  
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"No-carbon-future" smart building technology 

Maksym Gerbut, PassivDom 

Abstract 

PassivDom — off-grid 3D-printed mobile house (with Zero Carbon Emission). It uses only solar 
energy for climate control, water generation and air quality control. House frame is produced by 3D-
printer robot. Heating demand according to Passive House Planning Package: 6 kW/(m²a) (standard 
PassivHause Institute requirements — 15 kW/m² per year). Generation of renewable energy: 248 
kWh/(m²a). Windows in PassivDom have U-value performance up to 0.23 W/m²K (standard 
PassivHause Institute requirements 0.8 W/m²K). The lowest heat loss in the world among residential 
buildings — from 18.6 W/°C. The house frame is printed as a single component which is 
manufactured in a mechanized way with the additional use of industrial 7-axes robots. 

"No-carbon-future" PassivDom building technology 

PassivDom — off-grid self-learning 3D-printed modular house. PassivDom developed technology 
allows to create energy-efficient stand-alone houses, which can function purely by solar energy. The 
housing frame is made by an industrial 3D-printer. Each house is equipped with a self-learning system 
for the devices' internet of things, controlled by smartphone. 

PassivDom is energy self-sufficient, it heats and conditions air, has a water storage, filtration system 
for grey water and air. High building characteristics make it possible to realize autonomy in very cold 
climates without any heating engineering systems. PassivDom does not use fuel for heating and 
power generation (Zero Carbon Emission). 

 

Figure 1:  PassivDom modulOne 36 sq.m.  

Energy efficiency characteristics 

Thermal values: exterior wall U-value = 0.089 W/(m²K), roof  U-value = 0.077 W/(m²K), glazing U g-
value = 0.224 W/(m²K), basement floor / floor slab U-value = 0.081 W/(m²K). 
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Figure 2:  Thermal parameters figures for walls, roof, basement and glazing. 

Thermal characteristics of walls 

The thermal conductivity of the material of the walls: lambda value = 0.018 W/m²K (e.g.: mineral wool 
is 0.04 W/м²K). Heat loss through the wall elements: U-value performance up to 0.08 W/m²K (e.g.: 
PassivHause Institute requirements  0.15 W/м²K [1]). Today, these figures are the highest in the 
industry and can’t be mass-produced by any company. 
 

Thermal characteristics of windows 

 
Windows in PassivDom — exceed at least twice all the best windows in the world in heat and noise 
insulation characteristics: today U-value performance up to 0.23 W/m²K (standard requirements 
PassivHause Institute 0,8 W/m²K). Protected by patent PassivDom windows contain special energy-
saving tempered glasses. Double-glazed windows filled with a mixture of krypton and xenon. Such a 
complex and layered glazing allows to realize complete impermeability and bring glazing facade area 
— to the value of 50%. 
 

   

Figure 3: Cross-section of window. 
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Figure 4: Window’s thermal graphics. 
 
PHPP values 
 

Air tightness is n50 = 0.4/h. Annual heating demand is 3 kWh/(m²a) calculated according to PHPP [2]. 
Heating load is 9 W/m² calculated according to PHPP. Primary energy requirement — 37 kWh /(m²a) 
on heating installation, domestic hot water, household electricity and auxiliary electricity calculated 
according to PHPP. 
 
Power consumption 

 

Cost of heating and air conditioning is less than 6 kWh/m² per year (the standard requirements of 
PassivHause Institute 15 kWh/m² per year). At the bright sunlight photovoltaic system of PassivDom 
releases enough energy for the house when the outside temperature is -62 °C. 
 
Autonomy and off-grid systems 

The house is an off-grid house that uses only solar energy to satisfy its inhabitants’ needs: climate 
control (heating and cooling), water generated from air humidity, air quality and carbon dioxide 
control. The house also produces PV electricity for all household appliances.  The house creates its 
own energy with the use of solar panels which cover the entire roof.   

The house is fully equipped by all engineering systems: air recuperation system, heat pump for 
heating and cooling with distance-controlled thermostat hub, air quality medic HEPA system, 
photovoltaic off-grid system with LiFePO2 cells battery, gray water filtration system with heat 
recovery, heat energy storage, boiler, water tank.  
 
PassivDom is the first in the world mobile and transportable house with PassivHause Institute 
parameters, that does not need stable sun orientation, because of PV over productivity even in poor 
winter. It meets Zero Energy House standard [3]. The house is hurricane protected and earthquake 
safe.  

 
Smart self-learning systems 

 
Smart Internet of Things system includes: 

 Self-learning temperature control system. Functions: adjustment and maintenance of microclimate 
parameters, depending on the owner's demands, the external conditions, the level of sunlight, 
weather forecast online, the fact of finding the owner inside the house (presence sensors). 

 Highly efficient inverter air heat pump with the minimum power for cooling, heating and dehumidifying 
the air inside the building. 

 Automated recuperative ventilation system. Control parameters: CO and CO2, relative humidity and 
oxygen. 

 Autonomous security with access control, online cloud video surveillance, GPS tracker. 

 Control system of electrical appliances and lighting. 
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 Control and management of all house systems by the owner's smartphone. Network "Internet of 
Things". 

Design and 3D-printing technology 

The house frame is printed as a single component which is manufactured in a mechanized way. The 
frame of the house is made of fiberglass, carbon, resins, and basalt. The frame is printed with the 
additional use of industrial 7-axes robots. We have developed several residential projects of modules 
with different shapes, sizes, but with the same high specifications stated. It is possible to create any 
form of houses: rectangular or curved spatial models using 3D-printing technology. 

 

 

Figure 5:  modulMoon concept. 3D-printing technology allows creating a curvilinear geometry 
of futuristic buildings. 
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http://passiv.de/en/02_informations/02_passive-house-requirements/02_passive-house-requirements.htm
http://www.passivehouse.com/04_phpp.htm
http://energy.gov/sites/prod/files/2015/09/f26/A%20Common%20Definition%20for%20Zero%20Energy%20Buildings.pdf
http://energy.gov/sites/prod/files/2015/09/f26/A%20Common%20Definition%20for%20Zero%20Energy%20Buildings.pdf
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Abstract 

Buildings energy consumption is one of the major contributions to total energy use. The improvement 
of energy efficiency in new build and refurbished buildings is slow considering the ambitious goal of 
China to improve energy efficiency. There are a number of ways that Building Information Modelling 
(BIM) can help an Energy Service Provider (ESCO) lead the way to increased energy efficiency of 
buildings without compromising the human comfort or performance of buildings by integrating the 
latest energy efficient and sustainable engineering developments into creating a Neighbourhood 
Management System (NMS). BIM employed by ESCO’s will enhance the design of new buildings in 
using renewable and sustainable energy efficiently. Also by using the existing building stock more 
efficiently with the help of the new tools and business models the potential to reach China’s Energy 
Efficiency and Sustainability goal is considerably increased. ESCO company creation company 
creation will benefit many players in the engineering and construction sector like academics, students, 
industry owners, and building users, the energy service providers, maintenance service providers, etc 
by producing well-performing buildings that use natural renewable resources optimally, thereby 
resulting in less detrimental environmental effects that also result in reduced life-cycle costs of energy. 

Key Words - Building Information Management (BIM), Energy Service Providers (ESCO), 
Neighbourhood Management System (NMS), Sustainable Energy 

Introduction 

Looking back in history it is interesting to see that the original energy suppliers did so through small 
scale electricity generation plants. This was due to the lack of technology in being able to transmit 
energy over long distances. The first grids were Direct Current (DC) grids which meant the supply 
voltage was limited. Thus NMS schemes were actually already in place and are not a new but a 
returning phenomenon. Local storage such as battery connection to the grid was also used in order to 
balance supply and demand. 
 
The traditional monopolies that replaced small scale distributed energy did so as a result of new 
technology such as Alternating Current (AC) grids and economies of scale. This meant larger 
generating stations as electricity could be transported over greater distances. Apart from the 
convenience of one national supplier there was also security of supply so that if one generating 
station or power source shut down then there would be other in the system that could cover for the 
power loss – an issue much discussed in the new emerging distributed systems.    
 
From 1978 China began to move from a centrally-planned economy to a more market-oriented 
economy. This led to the enormous growth that has seen China become a major world economy. With 
this growth came massive industrial and social change which has necessitated a rethink in the use of 
renewable and sustainable energy to offset the effects of fossil fuels and deleterious emissions such 
as greenhouse gases. Figure 1 shows that China still uses a large amount of coal in electricity 
production but renewable and sustainable forms have risen dramatically from roughly 2007 to 2013.  
 
China's attempts to address energy efficiency, reduce greenhouse gases and abide by the Kyoto 
agreements it has made are varied and numerous and cover a very broad area. The PRC submitted 
its new climate action plan to the UN Framework Convention on Climate Change [1]. Further China 
aims at cutting energy consumption 15 percent by 2020 as part of its target for the 13th Five-Year 
Plan (2016-20) [2].  The plan sets on energy conservation and emission reduction, including energy 
consumption to be within 5 billion metric tons of standard coal by 2020. Recyclable energy sources 
will be encouraged and coal will be used more efficiently, [3]. Part of the policies is to increase the 
role of Energy Service Companies (ESCO) through Energy Performance Contracting (EPC) to help 



 

305 
 

achieve these targets [4]. Regardless of governmental policies and the potential that the Chinese 
market offers the number of ESCO’s in China is no way near reaching its peak and there are 
opportunities for large-scale cost-effective investments. 

 
 

 
 

Figure 1 - Electricity generation by fuel. 
*Source IEA Energy Statistics (2016) - OECD/IEA, Paris 

This paper will examine three relatively new areas that have entered China's arena (and that of many 
other countries). These areas involve Energy Service Providers (ESCO), Building Information 
Modelling (BIM) and Neighbourhood Management Systems (NMS). In an attempt to become more 
energy efficient, sustainable and cost effective the main question posed is would knowledge and 
training in BIM be advantageous in helping ESCO's set up for an NMS in an urban area of China. 

1.1 ESCO History in China and current ESCO market in China 

The ESCO Committee of China Energy Conservation Association (EMCA), as an national level 
industry association for ESCOs, was officially registered in the Ministry of Civil Affairs on 13 
November 2003 [5]. Prior to this, with the help of the World Bank [6], a deliberate government plan 
was set in place to mobilise technical and financial assistance to introduce and develop energy 
performance contracting in China [7]. According to the International Finance Corporation [8] report of 
2011 from 1997 through June 2006, the three Chinese state ESCOs had invested USD 181 million in 
EPC projects. The World Bank deemed the ESCO program (currently mainly active in the industrial 
sectors) and its associated savings-based business model to be a success. The ESCO industry in 
China is fully endorsed and supported by the National government although financing, taxation, 
payment terms and marketing are hurdles that Chinese ESCOs have to address. To help alleviate 
these problems, in 2010, the PRC national government adopted favourable national tax legislations 
for ESCOs that implement energy efficiency projects on a paid-from-savings basis, including [7]:  

To help achieve these goals, specific supportive policy provisions include: 
• government financial incentives for completion of qualified EPC projects; 
• exemptions from turnover tax, value added tax, and part of corporate income tax for qualified EPC 
  projects, and clarification of other aspects of the tax treatment of such projects; 
• clarifications of accounting provisions for EPC projects, including provision for government entities 
  to include EPC payments under their energy costs; 
• directives to local governments to take measures to provide a favourable operating environment for    
  ESCOs; and 
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• encouragement of banks and other financial institutions to create new credit products, open up and  
  expand the scope of guarantee products, and simplify application and approval procedures to meet 
  the special needs of ESCO financing. 
 
Today, there are over 5426 ESCOs [8] promoting the shared savings business model to prospective 
energy end-users in the PRC. Two other popular business models are Guaranteed Savings Contracts 
and the Outsourcing of Energy System Management. 

Specifically, [9] the main barriers to ESCO development in China include: 
 
- The relatively small-scale services provided by the ESCO industry hardly meet the demand for   
  energy services. Staying “small but integrated,” these ESCOs lack the capacity in technology   
innovation. Most ESCOs are SMEs. 
- The limited capacity of ESCOs. Most of the ESCOs lack financing approaches and technical skills. 
- The lack of competent human resources does not meet the demand for the development of the 
ESCO industry. 

Operating an ESCO is not simple. To become a successful and profitable business, an ESCO 
requires:  
• staff with a complex mix of skills, including both broad and specific technical skills, business skills 
such as how to market the business, sell its product, and close transactions, and financial skills, 
particularly skills in assessing and mitigating repayment risk; and 
• a substantial level of equity capital, both to support any borrowing requirements and to back up 
performance guarantees to make them credible to the market [10].  
 

2.1 Infrastructure for Neighbourhood Management Systems 

The main activities the NMS centre around provision of energy / district heating to residential and 
apartment owners, multi-building owner/operators, SME’s and public authority, hospitals, schools etc. 
Associated with this is the provision of alternative provision of energy supplied by stand alone sources 
which help lessen the need for drawing from a national grid.Technologies for Neighbourhood 
Management Systems provide an 'early action' approach to greenhouse-gas reductions because they 
are available now [11]. They can be introduced into present-day BMS with moderate special network 
technology or market developments. Distributed energy refers to clean local generation and demand 
management at customer sites.  
 
Building energy management is supported by Intelligent Building Management Systems (iBMS). They 
are being developed to help manage appliances efficiently, integrate renewable generation, and 
inform customers about options and consequences of different energy choices. Locally distributed 
controllers are part of iBMS. These controllers confer with the building occupants, to find out individual 
preferences, and accommodate these. They are also used to effectively manage the operation of 
(renewable) energy generation at the building or in a nearby district. 
 
Mini-grids might combine heating, ventilation, air-conditioning, and refrigeration appliances; and 
receive energy generated from different sources; i.e. certain communities in an area of limited size 
can be independent of national energy grids, or achieve specific energy requirements while remaining 
grid-connected, by adopting local generation sources and new management and control technologies.  
Smart Grids or Neighbourhood Management Systems (NMS) are based on the assumption that each 
house/apartment (or other customer) has a controller that communicates with all major appliances, 
and with controllers in nearby houses in the network. The controllers also communicate with the 
electricity company, to find out when peaks in demand are expected. 
 
All the infrastructure components described above are part of so called smart neighbourhoods where 
communities work together to ensure that they operate as efficiently as possible to minimise power 
drawn from the main grid, especially during times of peak demand. This means, NMS energy 
management can be coordinated across multiple users for aggregated benefits.  
 
Traditionally many communist countries such as the USSR and China provided centrally planned 
district heating schemes for buildings (as still the case in many apartment blocks in China). This 
concept can be reintroduced in the planning of an NMS in order to make the provision of energy as 
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efficient and cost effective as possible particularly where sustainable and alternatives to fossil fuelled 
energy can be utilised.  
  
The main activities for the ESCO will centre around provision of energy / district heating as part of an 
NMS to residential and apartment owners, multi-building owner/operators, SME’s and public authority, 
hospitals, schools etc. Associated with this will be energy audits to reduce energy and operational 
costs for clients. 
 
It would be envisaged that project/construction management and BIM activities will only apply where a 
community or NMS scheme is being put into place whereby the construction and maintenance and 
operating will be of a CHP or wind turbine attached to the NMS to provided additional energy or 
district heating. Guarantees and other services will more than likely occur on a once off basis and at 
regular intervals.   
 
The integration of renewable energy and District Heating into an EMS in China could include 
photovoltaic and solar thermal systems, the integration of wind turbines into the NMS, renewable 
energy from biomass and finally renewable energy from geothermal systems. 
Economic incentives and Chinese legalisation could encourage the growth of the installation of 
photovoltaic and solar thermal systems into buildings and NMS. in China it is interesting to note that 
almost every house and apartment already has this type of system installed. Photovoltaic systems for 
an NMS can generally be supported by other sources of energy such as fossil fuel, or renewable 
energy like wind and biomass. ICT technology has developed to combine metering, maintenance and 
managing of these systems.  
 
District heating systems supply more than 100 million people in Europe (excluding Russia). This is an 
interesting statistic given that district heating used to be synonymous with apartment blocks in 
communist countries such as China. Sources of energy for distributed systems are often placed 
relatively close to the end-user in order to avoid transmission loss. These systems usually use heat 
and power co-generation and as part of an NMS can distribute to a network of houses and large 
institutional facilities such as hospitals, hotels and convention centres. CHP (Combined Heat and 
Power) systems could be integrated with state-of-the-art Building Management Systems (BMS). This 
integration into the BMS could provide valuable information for operators, providers and end-users. 
 
Wind energy has become increasingly popular in China, and could be connected to the grid as well as 
form part of an energy source for an NMS. Any overflows not used can be sold to the Utility Network 
and in times of a lack of wind energy can be bought from the alternative forms provided on the grid. 
Problems with wind energy include a lack of wind to drive the turbines, the unpredictability of the wind 
and storage of excess capacity in standalone systems.  
Biomass energy can be processed in many ways i.e. anaerobic digestion, composting, and 
hydrogenation and comes from biological material such as plant matter. Integrating biomass systems 
into an NMS observes the following parameters: amount of gas stored, turbine characteristics and 
boiler characteristics. Other parameters include fuel-supply and storage, flue design, planning 
requirements, running costs and payback or return on investment (ROI). 
An area that could be included is geothermal systems, which basically take heat from the earth. 
Integrating it into an NMS can, however, prove costly as under floor piping for heating; radiators and 
temperature and pressure instrumentation may have to be installed.  
A potential area of interest and that may be suggested or managed by the ESCO for an NMS is 
Integrated Constructed Wetlands (ICW). As part of sustainable design an ICW can alleviate the 
effects of water pollution caused by businesses such as food supply farms, pharmaceutical plants, 
waste water treatment plants to name a few.  
 
2.2 Energy Providers / Operators of Generation Facilities in NMS 

The increased integration of renewable energy sources into Energy Grids leads to the fact that the 
grid operation becomes much more complex. Detailed information about the supply capacity of the 
individual (renewable) energy sources is essential to balance the grid operation and the overall 
capacity of the grid. Vice versa a more precise prediction of the energy demand is required to assist 
the grid operators in managing the different “generation sources” in the most sustainable way. This 
can create a position whereby energy providers may be able to purchase or trade-off in relation to the 
acquisition of the information produced through the use of iBMS.  
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As a major stakeholder the ESCO has much to gain from being part of the ICT Integration for Energy 
Service Providers (ESP) since they can facilitate more accurate information about user’s needs and 
consequentially provide value added services to better support operation and maintenance of 
buildings [12]. 
 
The importance of NMS and its associated benefits such as a district heating system to both the end 
users, the energy providers and generators can be strengthened by a recent study carried out in 
China. The study involved 84 projects and was carried out between 2008 and 2014 and involved 
some 10,000 energy consuming enterprises in China. The main reason for the study was to tackle the 
problem of pollution which is extensive, persistent, unhealthy, and causes significant economic harm. 
Pollution is responsible for an estimated 1.2 million excess deaths each year, and a three percent loss 
of GDP [13]. It is interesting to note the place district heating had within the study as shown by Table 
1. 
 
Table 1 - Energy savings (measured in tce-tons of coal equivalent)10 and air pollution 
emissions avoided every year through investment in the different types of industrial energy 
efficiency projects. 

 
 

*Source James et al (RAP 2016) 

 
It can be seen that apart from promoting energy efficiency there is a reduction in pollution by 
incorporating a district heating system. Benefits of District Heating [14] include: 
Economic Benefits 
District heating provides many economic advantages by utilising energy that would otherwise be 
wasted. District heating uses many types of fuel and these are often combined within individual district 
heating networks. 
Energy Efficiency and Sustainability 
District Heating can utilise the heat from combined heat and power plants by using the waste process 
heat from the electricity generation. This allows more than 90% of the fuel energy to be utilised, in 
comparison with 40% utilisation if electricity alone is produced. Such improved energy utilisation 
benefits both society and the environment. District heating systems also utilise waste heat generated 
by industry. 
Environmentally Friendly Renewable Energy  
In comparison with individual oil-fired boilers, district heating can halve energy consumption. If  all 
heating were provided by individual oil boilers, CO2 emissions would be doubled. Heat is generated in 
district heating plants under controlled conditions, where emissions of hazardous compounds are 
greatly reduced in comparison with fossil fuel incineration in individual boilers. Replacing individual 
heating with district heating benefits the neighbourhood environment as heat is generated under 
controlled conditions in plants equipped with all necessary pollution control equipment. 
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Easy to Implement and Trouble Free  
District Heating is the world’s most convenient heating form, is odourless and takes up minimal space, 
thus offers benefits for individual consumers and for society as a whole.  
 
 
2.3 ESCO Offer to an NMS 

The offer from the energy service provider is what they sell – and produce under certain 
circumstances i.e. as part of an NMS. This is the ESCO value proposition which describes what forms 
of energy are being provided and why end-users or consumers should purchase from this provider. 
The ESCO will analyse and audit the problems experienced by the end-users and will advise on how 
the provider can provide offers in terms of products and services that will help solve the problem. The 
offer could also include trading with other providers. An example could be selling excess energy 
power generation back to main stream providers as a result of employing a mini-CHP, wind power etc.  

Since the ESCO will be created as a single firm that manages and coordinates energy on offer to 
each of the customer segments some of the services offered could include energy audits of 
commercial, industrial or residential complexes. In the case where the ESCO is hired to provide an 
NMS scheme consisting of alternative forms of energy through CHP or wind farms the ESCO could 
provide construction management services that would include preparing tender documentation and 
performance specifications, the design and commissioning of the plant. Other services could include 
project financing, monitoring and energy saving guarantees. Equipment maintenance and operations 
may be offered as a service to facility managers. Other services might include administrative services, 
consulting, meter monitoring etc. This would suggest that the ESCO would require the expertise and 
knowledge of many types of technologies in order to carry out such a broad range of activities and 
historically ESCO's have tended to provide a complete package of services. The services mentioned 
above are broken down into greater detail: 
 
Energy Audit – The ESCO could be employed by an SME, an owner/operator, a hospital etc to 
provide an energy audit to analyse the operation of major energy using systems and to determine if 
improvements can be made to increase efficiency and save costs or reduce fuel bills. 
Alternatively, a company may request an investment grade audit which is a very comprehensive audit 
that examines the likes of HVAC equipment, heating, AC, hot water, lighting, controls and energy 
generation systems to produce a cost-effective report with recommendations for improvement.  
 
Project Guarantees – Some ESCO's will guarantee project performance in terms of energy efficiency 
and potential future savings. To do this a baseline has to be agreed and acceptable to all parties. The 
information can be from monitor metered equipment. One problem is where a meter cannot be 
placed, which makes providing information difficult and possibly subjective. Since some of the energy 
saving calculations may be based on assumptions it might be difficult for clients to argue against the 
ESCO findings. 
 
Equipment Maintenance and Servicing – If providing a guarantee an ESCO might insist on a 
maintenance contract. It may also be one of the standard services that an ESCO provides. The 
maintenance service could include monitoring equipment, repairs and replacement, reports on 
equipment operating, reviewing strategies of operation. The level of service will determine the cost. 
 
Project and Construction Management Services – an ESCO may take responsibility for designing and 
managing the construction of an energy project. For example, as part of an NMS the ESCO might 
design, manage construction of and commission a CHP plant or a wind turbine. As part of 
commissioning the ESCO may contract to run the plant or may train client staff to overtake that 
responsibility. 
 
Provision of Energy Service Provision– the ESCO as an energy service provider will source and 
provide alternative forms of energy from which the customer can choose. This means that the ESCO 
will buy wholesale fossil and renewable energy and offer same to its clients. The customer will be able 
to choose from what form the energy was created and at what cost. It may be that some customers 
may prefer to buy from renewable sources at a higher (or lower) cost. If the ESCO represents an NMS 
owner generated energy through CHP or a wind turbine may reduce energy costs and possibly create 
earnings from sale to the national grid. 



 

310 
 

 
Other ESCO services – As mentioned above, training may be given by the ESCO either as part of 
commissioning or as part of a consultancy service to clients. Should a client decide to opt out of an 
ESCO maintenance contract the ESCO could provide the client’s in-house staff with training to 
operate and maintain whatever the ESCO was responsible for installing. 
 
The ESCO may, on an ongoing basis, offer specialised technical staff by monitoring electricity and 
gas usage, CO² levels, room temperatures and air quality. 
 
3.1 BIM Practice in China 

Since the emergence of BIM many governments, industrialists and educational establishments have 
begun to realise the associated benefits on engineering and construction related projects. In fact BIM 
has been included as part of the National 12th Five Year Plan (2011 – 2015) in China and the 
government is formulating a BIM framework. From 2016 the UK government has required the 
mandatory use of BIM on public sector projects [12]. The Chinese government are actively 
encouraging the use of BIM and planned to introduce a set of standards by 2016 (see Table 2). Given 
the size of the country and the many provinces and thus regional authorities there are differing 
standards and directives between same.  

Table 2 - Countries with BIM Guidelines and Structures 

 

*Source Dodge Data & Analytics SmartMarket Report 2014 

Recent research by Dodge Data and Analytics found that BIM use amongst Chinese Architects is 
expected to increase by 89% in the next two years, and by some 108% amongst Contractors (see 
Table 3). Three prominent projects implementing and promoting the use of BIM in China are the 
Shanghai Disneyland Resort, the Shanghai Tower, and the Phoenix Media Centre, Beijing. Whilst 
these projects are very good examples of BIM practice the general conclusion is that the Chinese 'like 
many Governments have not gone as far as mandating BIM. They simply encourage it. In a vast 
provincial nation like China, that approach has bred fragmentation and many regional authorities have 
developed their own standards and mandates, all differing from those of their neighbours' [15]. 

Although China is going through a learning curve with respect to BIM there are certain areas that 
need to be addressed to ensure the successful implementation and use of BIM. First there need to be 
the establishment of BIM Standards by government and industry practices. These entities will have to 
promote common standards, good industry practice and relevant documentation that apply to the use 
of BIM. Secondly there has to be promotional drives to persuade stakeholders of the benefits of using 
BIM. This will allow top tier management become key drivers for BIM and who can understand the 
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time and cost benefits from employing such management and technology. This needs to cut across all 
city tiers and not just concentrate on first level cities. Finally training needs to be implemented not just 
through Continuing Professional Development for those in industry but also through the promotion of 
BIM within third level colleges and institutions. This training needs to focus on model development, 
management and the use of the BIM model. 

Table 3 - Top Five Fastest-Growing Regions for BIM Implementation by Contractors (Two-Year 
Forecast for Increase in Number) 

 

 

*Source Dodge Data & Analytics SmartMarket Report 2015 

Other BIM-related surveys in China targeted contractors and design firms and investigated company 
practice levels, the impacts of using BIM, and the challenges within BIM practice [16] [17]. Generally 
however BIM implementation has not been studied well enough in detail to assess the impact on BIM 
practitioners’ and how the BIM experience has affected their perceptions. As with ESCOs' China with 
its more open market is learning and taking advantage of knowledge and lessons learned from other 
countries. 

3.2 BIM Education and Training in China 

Third Level institutions in China are realising the importance of BIM and are beginning to introduce 3D 
Modelling and BIM modules at both undergraduate and postgraduate level. Shantou University for 
example will introduce a 4th year undergraduate BIM module in Spring 2017 as part of its overall 
Engineering Project Management curriculum. This includes not only providing lectures but also 
introducing 3D software and holding training workshops. Students will be required to produce projects 
showing 3D designs and the application of BIM management in order to carry out such projects.  
An example of BIM in relation to Quantity Surveying in the School of Construction Management and 
Real Estate Chongqing University Chongqing, China [18].  BIM can be applied to specific streams 
within the realms of Architecture, Engineering and Construction and the Chinese are addressing 
future needs in third level institutions. Some participating institutions also attempt to provide industry 
learning by creating courses in BIM that target AEC professionals eager to learn BIM skills. These are 
however early days and it will remain to be seen as to whether the uptake will prove successful.  
 
3.3 BIM, ESCO and NMS Interaction 
 
An ESCO needs to ascertain what offer attracts the customers and what is that offer to the market 
[11]. Since an ESCO will be created as a single firm that manages and coordinates energy on offer to 
each of the customer segments. In the case of an NMS, some of the services offered could include 
energy audits of commercial, industrial or residential complexes. Although the NMS business model 
forms a large part of the overall ESCO business plan it is not the only important element. Other 
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actions will include intensive legal and legislative matters pertaining to the three directors setting up 
and forming a limited company. This will involve external consultants such as solicitors and 
accountants the cost of which will have to be factored into the financial funding requirements.  
 
The ESCO would recognise the Chinese governments’ commitments and believe that the opportunity 
to more efficient use of traditional fossil fuels through community CHP and the use of renewable 
energy will greatly enhance the success of the ESCO.  It is possible that district heating and NMS 
schemes will become more prevalent in China.  
 
Given that most personnel involved in the ESCO will be from an engineering or AEC background it is 
probable that they will have project management training as part of their education. As BIM is 
synonymous with project management the groundwork will already have been set. However 
sophisticated business models are used to bundle energy service provision through an ESCO. The 
major risk inherited in this model is the uncertainty of how to ensure a stable return on investment. In 
most contracts the problem is addressed through the negotiation of long term contracts. However, 
even in these cases energy information - as used in an NMS - is seldom used to generate new 
‘Value-Added-Services.’ This causes a problem with using BIM as with energy modelling and energy 
rating for most monitoring and targeting systems were reactive to existing Building Management 
Systems (BMS) and there is a need for improved coupling of BMS, BIM and monitoring and targeting 
systems to support management of energy consumption data and environmental performance. This 
means that business models for ESCO's may be well established and at the initial stages the benefits 
of incorporation of BIM may not be fully realised.  
 
The Business Profile Model for the ESCO setting up an NMS starts with the Design Building event 
which has the primary objectives of the end users (community, organisation or company). The end 
users will specify the user preferences which will lead to the ideal demand profile from which the 
ESCO can plan future provision of energy and services. Once the end user preferences are specified 
the other actors – the civil, mechanical and energy engineers, the building operators and Facility 
Management providers – can start to interact. As is typical the mechanical engineer will design the 
MEP system, the civil engineer will design the shell and the core etc. These activities will give the 
required BIM information and performance and allow a simulation to begin. The (Design) Energy 
simulation can occur after the BIM has been completed. Where BIM will also come to the fore will be 
during operation and maintenance as BIM and BMS have to be fully integrated with Facility 
Management in order to provide integrated energy service provision scenarios. 
 
 
4.1  Conclusion 

 
Although not fully utilised in China, NMS or community schemes, may become a fixture as a means to 
providing cheaper more efficient energy to groups who favour alternative energy forms other than 
relying on traditional forms of fossil fuel delivery. The global need to find alternative form of energy to 
replace traditional forms and in efforts to reduce green house emissions many countries, such as 
China, are reviewing what their future energy needs will be and how will they be supplied. Renewable 
alternative forms of energy are seen as the way forward. BIM, ESCO's and NMS along with 
technology allows smaller energy generators play their part in providing alternative forms of energy. 
Indeed individual households can now reduce the demand on the system and even help supply 
excess energy through the introduction of wind generators or micro-generation. BIM and BMS have to 
be fully integrated with FM in order to provide integrated energy service provision scenarios. 
 
Technology allows smaller energy generators play their part in providing alternative forms of energy. 
Indeed individual households can now help combat the demand on the system and even help supply 
excess energy through the introduction of wind generators or micro-generation. The use of ESCO's 
will allow negotiation with energy suppliers and energy users to provide the most economic solutions 
that will also enhance the reduction of fossil fuels and promote sustainable and renewable energy.  
(Allan 2012). 
 
Although BIM and ESCO's are relatively new to China moves are being made to embrace both the 
concept and technologies involved particularly in relation to energy efficiency and effective cost 
control. In order to keep pace with developed countries China realises the need to keep abreast with 
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trends in AEC. As previously mentioned ESCO's have the required management experience to set up 
in China subject of course to particular systems and regulations. Using BIM as part of the ESCO 
setting up of an NMS would benefit the ESCO particularly in design stages and during operation and 
maintenance. ESCO's will bridge the gap between energy supply and energy demand for NMS. 
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An increasing fraction of residential end-use loads operates on direct current (DC), allowing the direct 
use of DC from onsite DC sources (Photovoltaics, battery storage), thus avoiding the energy losses 
from converting DC power to alternating current (AC) and back to DC. Earlier research has shown 
that essentially all residential electricity end uses can be DC-compatible and are more efficient than 
their AC counterparts. Direct-DC power systems can provide energy and cost savings in the 
residential built environment (including net zero energy homes), in which electricity is generated, 
distributed, and consumed in DC. However, one of the main barriers to the adoption of DC distribution 
in buildings is the immaturity of the DC-ready appliance market. 

We conduct a comprehensive market and cost assessment of the current DC-ready appliance market 
for the dominant residential end-use applications. We then examine the growing market for DC 
appliances in off-grid applications to extract relevant product and market trends that may influence 
grid-connected environments. We also analyze the energy efficiency potential of DC-ready appliances 
taking into account power supply losses and their coincidence of usage with DC generation from PV 
or battery storage. Based on these analyses, we offer recommendations on the next steps towards 
the development of a DC-ready appliance market.  

Introduction 

Electrical end uses and generation have dramatically changed since the days when the benefits of AC 
and DC were debated during the war of the currents. Although AC is the dominant power distribution 
technology, today’s appliances and distributed electricity sources actually favor DC, with the 
proliferation of photovoltaics (PV), light emitting diode (LED) lighting, and consumer electronics, which 
all natively produce and consume DC in their internal components. Increasing demand for efficiency 
and energy storage, through the use of brushless permanent magnet DC motors (BLDC) and 
batteries, has tipped the scales further towards an end-use environment dominated by DC. 

According to a 2011 study [1], converting all appliances to high efficiency, DC-internal
138

 technologies, 
is not only technically feasible, but could save about 30% of residential electricity use. In addition, 
several studies have found that a “direct-DC” building distribution system with onsite PV and DC 
appliances could save energy by avoiding power conversion losses from DC to AC and back to DC, 
from as little as 2-3 percent savings to as much as 14 percent of the building’s total electricity 
consumption. [2], [3] 

Despite the potential energy benefits of direct-DC distribution systems in buildings, there are several 
important barriers to their development, one of which is the lack of a mature market for appliances 
that have a DC input and can readily operate on DC. A recent study, which solicited the input of DC 
power experts and stakeholders across various backgrounds through surveys and interviews, found 
that, among respondents, the lack of DC-ready appliances was ranked as the most important barrier 
inhibiting development of DC systems in buildings. [4]  

This study analyzes the state of the market for DC-ready appliances in residential grid-connected and 
off-grid applications. We conduct a market, efficiency, and cost assessment of the current DC-ready 
appliance market for the main residential end-use applications, identify product and market trends, 
and outline a strategy to promote its development.   

                                           
138

 For the purposes of this document, we refer to ‘DC-internal’ appliances as appliances that operate internally on DC, or within 
the appliance’s internal power distribution chain (e.g., an appliance driven by a BLDC motor with a variable speed drive), 
and to ‘DC-ready’ appliances as those that are DC-internal, but also include a DC power input. 
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End Uses and DC Appliances 

Electricity use in the United States (U.S.) residential sector accounts for about 45% of total residential 
energy use. [5] As shown in Table 28, the dominant residential electricity end-uses are space cooling 
and heating, lighting, refrigeration, water heating, and electronics, accounting for 60 percent of total 
residential electricity consumption.  

Table 28. Estimated U.S. Residential Sector Electricity Consumption by End Use in 2016 

End Use Share of Total 

Space cooling and heating 25% 

Lighting 9% 

Water heating 9% 

Refrigeration (incl. freezers) 9% 

Electronics (incl. computers) 8% 

Others  40% 

Total: 100% 

Source: [6] 

In this section, and for each of these end-uses, we first examine the current DC-ready appliance 
market. We then conduct an efficiency assessment of DC-ready appliances by (1) comparing their 
efficiencies to AC products of similar capacity and utility, and (2) considering the additional potential 
electricity savings when DC-ready appliances are powered by a direct-DC distribution system, taking 
into account (AC-to-DC) power supply losses and load coincidence with DC generation from PV or 
battery storage. We also conduct a cost assessment in which we review cost data where those are 
available, and discuss cost trends for DC-ready products in the foreseeable future.  

Market Assessment 

DC-ready appliances have served niche markets for decades, including telecommunications, off-grid 
residential, recreational vehicles (RV), marine applications, emergency shelters, and rail transport. In 
the past decade, DC products and DC distribution have also surfaced in grid-connected applications, 
such as data centers, lighting, and more recently with power over Ethernet (PoE) and universal serial 
bus (USB). Table 2 shows a selection of available DC-ready appliances for the main residential end-
uses. 
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Table 29. DC-Ready Product Information by End-Use Application 

End-Use 
Manufacturer/ 

Distributor DC Voltage URL 

Cooling & Heating:  
Ceiling Fans 

Nextek  24 https://www.nextekpower.com/fanworks-catalog  

Phaesun 12 
http://order.phaesun.com/index.php/loads-

40891.html?cat=328 

Cooling & Heating: 
Radiant Heating 

Warmfloor 24 http://www.warmfloor.com 

Cooling & Heating:  
Air Conditioners 

Hotspot Energy 48 http://www.hotspotenergy.com  

GE Innovations 48 http://www.geinnovations.net 

Lighting & Lighting 
Systems 

Phocos 10.5-30 http://www.phocos.com  

Lumencache 12/24V PoE http://lumencache.lighting/  

NuLEDs 12-36V PoE http://www.nuleds.com/  

Colorbeam 48V PoE http://www.colorbeamnorthamerica.com/ 

Refrigeration 

Phocos 12/24 http://www.phocos.com  

GE Innovations 12/24 http://www.geinnovations.net 

Norcold 12 http://www.norcold.com 

Sundanzer 12/24 http://www.sundanzer.com  

Dometic 12/24 https://www.dometic.com  

Electronics 

Alphatronics 12 http://www.alphatronics.de 

TRU-Vu 12/24 http://www.tru-vumonitors.com/ 

Niwa 12 http://www.niwasolar.com/Solar-TV/ 

Note: The information presented in Table 29 reflects a snapshot of the DC-ready products available in 
the current market; it is not intended to be an exhaustive catalog of DC product manufacturers.  

In cooling and heating applications, we find that only a small number of DC ceiling fans and air 
conditioners are available

139
. These are equipped with highly efficient BLDC motors, and are typically 

marketed for off-grid applications. Warmfloor provides a radiant resistance heating system operating 
typically at 24V DC but also compatible with AC power. In lighting applications, there are a number of 
DC LED bulb manufacturers who target primarily the off-grid market, but in the past few years, with 
the emergence of PoE, an increasing number of companies are offering PoE lighting solutions for 
commercial and residential buildings. Table 2 lists a few of these companies. Regarding refrigeration, 
all listed manufacturers are drawn from the RV and off-grid market. DC-ready refrigerators and 
freezers in the market are therefore highly efficient but of relatively small capacity compared to 
refrigerators used in the grid-connected market. For the electronics market, although all existing 
products are DC-internal, the majority of larger electronic products includes an internal power supply 
that rectifies AC voltage to DC. Exceptions include small electronics with external AC-DC power 
adapters, such as cell phones (typically powered by USB), laptop computers (with a typical input 
voltage of 19V DC), a small number of computer monitors, and other small electronics. Table 2 shows 
product manufacturers for TVs (Alphatonics, Niwa) and display monitors (TRU-Vu). We note that 
there is currently no market for DC-ready water heaters, although such a technology is feasible with 
the use of air source heat pump water heaters driven by BLDC motors. 

Efficiency Assessment 

Efficiency Comparison 

As discussed earlier, DC-internal (and DC-ready) appliances are generally more efficient than their 
AC counterparts. In this section, we compare efficiencies of DC-ready appliances to those with an AC-
input (AC appliances). For DC-ready appliances, we use data from manufacturer literature found in 
our market surveys, as well as appliance test data collected for the Global Lighting and Energy 

                                           
139

 Although there are essentially no DC-ready air conditioners marketed for the grid-connected market, several mini splits and 
heat pumps are now DC-internal.   

https://www.nextekpower.com/fanworks-catalog
http://www.warmfloor.com/en-us/residential-floor-heating/step-residential-heating-bathroom-floors-homes-and-kitchens
http://www.hotspotenergy.com/DC-air-conditioner/Specs-DC48.pdf
http://www.phocos.com/na/wp-content/uploads/sites/6/2015/09/LED-Lamps-datasheet.pdf
http://lumencache.lighting/
http://www.nuleds.com/
http://www.colorbeamnorthamerica.com/
http://www.phocos.com/na/wp-content/uploads/sites/6/2015/09/FR-Series-datasheet.pdf
http://www.sundanzer.com/app/uploads/2016/03/SunDanzer-Main.pdf
https://www.dometic.com/en-gb/uk/products/food-and-beverage/refrigeration/refrigerators
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Access Partnership (Global LEAP) awards program
140

. [7] For AC appliances, data sources include 
the California Energy Commission’s Appliance Efficiency Database (CEC Database) [8], as well as 
data compiled from web sites of online retailers in the United States. Figures 1 through 5 show 
performance data for air conditioners, ceiling fans, LED lighting, refrigerators, and televisions. 

  

Figure 55. Efficiency Comparison of AC and DC-Ready Air Conditioners. 

Note: Higher EER is more efficient. Sources: AC air conditioners: CEC Database; DC-ready air 
conditioners: Manufacturer literature 

 

Figure 56. Efficiency Comparison of AC Ceiling Fans, AC Ceiling Fans with DC Motors (DC-
Internal), and DC-Ready Ceiling Fans. 

Sources: AC ceiling fans: EnergyStar data (2017); DC-ready ceiling fans: Manufacturer literature and 
Global LEAP data.  

Figure 57. Efficacy Comparison for AC and DC-Ready LED Lamps 

Sources: AC LEDs: CEC Database; DC-ready LEDs: Manufacturer literature and online retailers 

                                           
140

 The Global LEAP program is the Clean Energy Ministerial’s energy access initiative. Its programs and initiatives support the 
growth of sustainable commercial clean energy access markets throughout the developing world. 
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Figure 58. Energy Use Comparison for AC and DC-Ready Refrigerator-Freezers  

Sources: AC refrigerator-freezers: CEC Database; DC-ready refrigerator freezers: Manufacturer 
literature 

 

Figure 59. Performance Comparison for AC and DC-Ready LED TVs 

Sources: AC TVs: CEC Database; DC-ready TVs: Global LEAP data 

The efficiency comparisons shown in Figures 1 through 5 highlight that DC products are clearly more 
efficient than their AC counterparts. We also note that, where shown (ceiling fans, LED lamps, TVs), 
efficiencies of DC-internal appliances and DC-ready appliances are generally similar.

141
 This means 

that DC-ready products in the market, other than, e.g., motor technology, share other efficiency 
design options with equivalent products marketed for grid-connected applications. This is evident in 
the comparison of ceiling fan performance, in which blade design is an important efficiency 
characteristic.   

Potential for Energy Savings in Direct-DC Building Distribution Systems 

As discussed earlier, DC-ready products offer potential for energy savings in a direct-DC building 
distribution system, where the end-use loads are powered directly from a DC source. Figure 60 
shows a simplified schematic of a typical residential grid-connected AC distribution system with net 

                                           
141

 Although data from the Global LEAP are based on third party test data, performance data from manufacturer literature may 
not be as reliable, since DC-ready products for off-grid applications are generally not regulated or tested under the same 
test procedures as their grid-connected counterparts. For example, the energy efficiency ratios reported in solar air 
conditioner manufacturer websites vary between 13 and 21 EER. Such a variance (considering that the listed EERs 
correspond to the same motor technology) may be due to the test conditions or calculated EER assumptions. Also, the 
refrigerator-freezer energy use data shown in Figure 4 for DC-ready products may not be based on the same test 
procedure and reporting requirements as equivalent regulated products. 
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metering, PV, and battery storage (AC building), and the equivalent direct-DC distribution system (DC 
building). In this schematic, loads for the AC building are assumed to be DC-internal, while loads for 
the DC building are assumed to be DC-ready (hence, the absence of AC/DC power supplies at the 
load level). Note that DC distribution is denoted in blue, while AC distribution is denoted in red.  

 

Figure 60. AC Residential Distribution System with PV, Net-Metering, and Battery Storage (AC 
Building) and Equivalent Direct-DC System (DC Building).  

As illustrated in Figure 60, the potential for direct-DC electricity savings is increased when power is 
fed to the loads directly from the PV array or the batteries. To maximize savings, the timing of 
electricity consumption must be coincident with DC generation. Savings are also dependent on the 
relative efficiencies of the AC/DC power supplies for each load type, thus buildings with less efficient 
AC/DC power supplies will yield greater savings from switching to direct-DC distribution.  

Figure 61 shows hourly load shapes for an average day in a simulated residential building in New 
York City for various end-uses, compared to PV generation.

142
 Although actual daily load shapes have 

greater variability than smooth average load shapes, Figure 61 indicates that some end-uses, such 
as HVAC and electronics (included in interior equipment), have greater potential for coincidence with 
PV generation than others (e.g., lighting). Load shifting with smart appliances can also improve the 
relationship of PV output and load demand for certain end-uses, such as water heating.  

 

 

Figure 61. Average Residential Hourly Load Shapes Compared to PV Generation for a 
Simulated Residential Building New York City 

                                           
142

 The load shapes are shown for HVAC, water heating, lighting (interior and exterior), and interior equipment. The latter 
includes all other loads other than the first three (refrigeration, electronics, washing and drying, etc.). The load shapes for 
each end-use are presented as a percentage of the average end-use peak daily load. 
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Sources: Load shapes: EnergyPlus data retrieved from http://en.openei.org; PV output: Solar Advisor 
Model data retrieved from https://sam.nrel.gov  

We also review AC-DC power supply efficiencies for various input power ranges and voltages. Figure 
62 includes external power supply efficiency curves for computers and servers with an 80PLUS 
certification.

143
 As shown in Figure 62, input voltage and rated power affect power supply efficiency. 

Low power loads typically have lower power supply efficiencies compared to those rated at higher 
power.  

 

Figure 62. External Power Supply Efficiency Curves for Computers and Servers 

Note: Curves in the chart are distinguished by power supply capacity, in kW, and voltage rating. 
Source: 80PLUS Database https://www.plugloadsolutions.com/80PlusPowerSupplies.aspx  

Cost Assessment 

As discussed earlier, the current market for DC appliances is limited. DC-ready appliances are most 
prevalent in off-grid residential, RV, marine, and industrial applications, which are small markets. The 
low demand for products results in a limited number of manufacturers and products, and higher costs. 

In some cases, DC appliances are manufactured by relatively small organizations. These companies 
have less buying power than large mass-market AC appliance manufacturers and likely also have 
lower profit margins and smaller R&D budgets. Large mass-market AC appliance manufacturers on 
the other hand have well established manufacturing processes, can use common components across 
multiple product lines, and can build long term partnerships with suppliers of components. Larger 
manufacturers can also take advantage of economies of scale, reducing the costs of each component 
for large manufacturers, and therefore reducing product prices for consumers. In addition to low 
demand driving up DC appliance costs, some DC appliances (for example monitors from Tru-Vu) are 
designed for special applications such as harsh off-grid environments, defense or industrial facilities. 
This can mean that the components are especially robust (e.g., with enhanced sealing and protection 
against dust and water ingress or enhanced electromagnetic shielding, and associated higher 
certification costs) and higher quality than standard AC versions of the equipment, which also results 
in higher costs. This also skews comparisons of DC and AC equipment as the standard AC product 
may not be of comparable build quality. 

These points are illustrated in Figure 63, which presents a price comparison between DC and AC 
LED lamps.

144
 We notice that AC LED bulbs have a relatively constant price per lumen output ($/lm), 

while DC LED lamps have higher, but varying $/lm values, which perhaps reflect different pricing 
schemes, quality of components, and economies of scale. For LEDs specifically, economies of scale 

                                           
143

 The 80 PLUS certification requires power supplies in computers and servers to have higher than 80% efficiency at 10%, 
20%, 50%, and 100% of rated load with a true power factor of 0.9 or greater.  

144
 The LED bulb data shown correspond to A-shape, medium screw base lamps between 400 and 1000 lumens.  

http://en.openei.org/
https://sam.nrel.gov/
https://www.plugloadsolutions.com/80PlusPowerSupplies.aspx
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have a greater impact on pricing, since LED lighting is a relatively new technology and LED prices 
have undergone dramatic price declines in recent years.  

 

Figure 63. Price Comparison between DC LEDs and AC LEDs 

Source: Online retailers 

An additional factor that can affect prices (for LEDs, and other DC products), is the presence of DC-
DC converters in some DC products. Because the cost of DC/DC converters is typically higher than 
the cost of bulk manufactured AC/DC converters used in DC-internal products, DC product 
manufacturers often have to choose between a DC-DC converter that sacrifices quality (and 
efficiency) to reduce costs, and a DC-DC converter of higher quality (and efficiency), at an increased 
price premium.   

Can DC appliances become cost competitive? 

While DC appliances are struggling to become cost competitive in today’s market there are two 
reasons why this may change in the future. 

Firstly, we know that demand is the biggest barrier to reducing manufacturing costs. We have seen 
this barrier overcome in many other hardware markets including small electronics and solar PV 
modules. With the increasing move towards zero net energy buildings there is space for buildings with 
substantial DC distribution buildings to become more attractive. There is the potential for the demand 
of DC equipment and appliances to increase with this trend. 

The second driving factor is the expansion of distributed energy systems. The addition of solar PV 
and battery storage provides the opportunity to utilize the DC side of the system. Since the DC supply 
infrastructure must be included for the distributed energy system we could look at the AC system as 
the additional infrastructure cost, flipping the traditional system on its head in the future. 

DC Appliances in the Developing World 

Demand for DC appliances has historically been driven by the limited number of off-grid applications 
noted previously, where consumers seek to bring the comforts of home into remote environments 
where a DC battery and small PV array is the only available source of power. This market is served by 
an equally small number of appliance manufacturers that specialize in producing DC products for 
boats and RVs. In recent years this niche market for DC appliances has been eclipsed by rapidly 
growing demand in the developing world, where billions of consumers

145
 are now gaining access to 

modern energy services. These services come not from the traditional power grid, but from dedicated 
off-grid energy systems such as “solar home system” (SHS) kits comprising typically a small solar 
panel, battery, charge controller, and a selection of lights and appliances. 

SHS are provided in countries like Bangladesh and Kenya through specialized firms that bundle 
together the solar and battery components with a selection of lights and appliances, and either sell or 
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 An estimated 1.2 billion people throughout the developing world live entirely without access to electricity; another billion have 
only unreliable access. 
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finance the complete system to the end user.  In these nascent and often unregulated markets, there 
are a number of factors that play into the demand for appliances. These factors include: 

1. Consumer price sensitivity: Both purchase costs and operating costs are important to 
consumers in developing countries. It has been found that “energy efficiency enables faster 
achievement of energy access goals by maximizing the energy service that can be achieved 
by any given energy access investment.” [10] In the case of SHS, this means that energy 
efficient appliances deliver to consumers the same or greater energy service from a given 
size solar panel and battery. Since the panel and battery are the bulk (approximately 60%

146
) 

of the total system cost, efficient DC appliances can have a dramatic impact on the total cost 
of a SHS kit. Figure 64, below, illustrates this point. 

2. Evolving consumer preference: As consumers gain access to reliable electric service while 
the cost of service decreases and technology improves, and as their economic conditions 
allow, they move into higher tiers of energy access (Figure 65) and naturally seek out new 
and more complex energy services.  For example, a homeowner in a remote village may 
progress from a simple lighting system, to a larger system that can power lights plus a 
television and fan, to still larger systems that might power lights, televisions, fans, and also 
refrigeration.  As more consumers move into these higher tiers, their expectations for product 
functionality and quality also evolve. 

3. Product availability: Whereas tens of millions of the latest televisions and refrigerators are 
shipped to consumers in the developed world each year, very few global manufacturers have 
shown interest in developing DC appliances for off-grid markets to date. This means that 
many SHS providers are forced to work with OEMs to develop their own branded appliances 
for off-grid markets, often without the benefit of prior product development experience.  For 
some sought-after appliances such as refrigerators, there are simply no suitable DC-powered 
products to be sourced. 

 

Figure 64. Illustration of the Means by Which Energy Efficient Appliances Can Deliver 
Enhanced Service and/or Greater Energy Access versus a Baseline Scenario 

Source: Globalleap.org   
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 A study in Bangladesh determined that SHS batteries and solar panels account for at least 58% of the total cost that SHS 
consumers will absorb. [11]  
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Figure 65. World Bank Tiers of Energy Access 

Source: World Bank Group / Sustainable Energy for All via: http://www.se4all.org/content/webinar-
multi-tier-framework-tracking-energy-access  

Impact investors, aid agencies, and even some large appliance manufacturers are starting to take 
note of the tremendous potential that efficient, high quality DC appliances have to transform global 
energy access markets.  Major international initiatives including the Global LEAP awards, the World 
Bank’s Lighting Global program [12], and EnDev’s Results Based Financing program [13] have 
realized the demand for efficient, high-quality, affordable DC appliances around the globe and have 
established awards programs, incentive schemes, and quality assurance frameworks meant to further 
the market in these directions. Given the scale of the overall off-grid market and the growing 
sophistication of manufacturers and consumers, we can expect further technological innovation in DC 
appliances that may soon find its way back to markets in the developed world. 

Barriers and Recommendations 

One factor hindering the availability of DC-ready products is the “chicken and egg” problem: 
manufacturers will not offer products if there is no consumer demand, but consumers cannot 
purchase products if they are not offered for sale. One option to break this impasse and promote 
greater availability of DC-ready appliances is bulk procurement programs that match large purchasers 
of appliances with potential vendors. These procurement programs allow purchasers to clearly spell 
out the performance and quality specifications for the products they would like to purchase, while 
reducing the risk to manufacturers by assuring a reasonable initial market for new DC-ready products 
they bring to market. A second option to manufacturers to develop dual-input (DC and AC) products 
that can operate off either power source.  This would allow consumers to purchase long-lived 
appliances today to ensure DC compatibility in the future, even if the distribution infrastructure will not 
be in place for months or years. 

Information about DC-ready appliances is widely scattered, and often requires calling manufacturers 
for detailed product specifications, or even purchasing sample units to test a product before 
determining if it is appropriate for a given application. This lack of easily accessible information 
increases the “soft cost” of purchasing DC products, because of the extra time involved for a 
purchaser to gather the available information and make purchase decisions with incomplete and 
inconsistent information. To reduce these soft costs, it would be helpful to develop a DC resource 
center with DC product databases, design guidelines for DC homes, and other information such as 
case studies of actual consumer experiences with DC appliances used in homes. In addition, the lack 
of awareness of alternative DC products is another factor that limits the size of the DC-ready product 
market. A marketing campaign to educate consumers about the potential benefits of DC-ready 
products would help overcome this barrier. 

Another factor holding back the availability of DC-ready appliances is the lack of standard voltages 
and “plug” connectors (other than those for PoE and USB) for DC plug-in devices. This is analogous 
to the situation with cell phone chargers before USB became widely adopted as a standard. To 
address this situation, we need to develop key interoperability standards for voltages, connectors, and 
communication protocols for power control, in order to make DC a plug-n-play option in buildings. This 

https://www.google.com/url?q=http://www.se4all.org/content/webinar-multi-tier-framework-tracking-energy-access&sa=D&ust=1489583252954000&usg=AFQjCNFHx7lvav0A6qDesje1Fl-gB8K-Lg
https://www.google.com/url?q=http://www.se4all.org/content/webinar-multi-tier-framework-tracking-energy-access&sa=D&ust=1489583252954000&usg=AFQjCNFHx7lvav0A6qDesje1Fl-gB8K-Lg
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is particularly needed for larger appliances and equipment that require voltages greater than 48 Volts 
DC. Standards should be international standards where possible, to allow broadening of the market 
for products to include the rapid penetration of off-grid DC solar systems in the developing world. 

Finally, DC-ready products face another problem, which is the lack of DC power infrastructure in 
homes to provide suitable input power. Other than low-power USB hubs and battery chargers, most 
homes have no DC infrastructure. In the developing world, the solution to this problem has been the 
sale of complete solar kits that include the power source, a distribution and storage “hub,” and the 
DC-ready end-use products. A possible solution to the lack of infrastructure in the developed world 
might be the development of an enhanced DC "power hub" for distribution and storage of power at the 
scale of a single room. The hub could take power from small-scale solar systems or the AC grid, and 
directly distribute it to DC loads such as consumer electronics, using standard connections like USB 
and PoE. This solution would work especially well in spaces such as home offices, entertainment 
centers, garages, and apartments. 

Conclusions 

Based on our review of markets for DC-ready products, our conclusion is that these products are 
mainly still only available in niche markets where DC power is generally available, such mobile and 
off-grid applications. There are technological and market developments, however, that indicate some 
opportunities for DC products: 

 The accelerating adoption of rooftop PV systems, providing “native” DC supply in over 1 
million U.S. homes (based on data from the Solar Energy Industries Association), 

 Increasing interest in power reliability, especially after natural disasters like Superstorm 
Sandy;  

 The widespread adoption of USB and PoE as power distribution standards; and 

 The growth of the off-grid solar market in the developing world. 

From an efficiency standpoint, we find that the available DC-ready products are generally more 
efficient than their AC counterparts. In some cases, such as air conditioners and ceiling fans, these 
efficiency improvements can be on the order of 20-30%. Savings are highest when DC appliances 
can be directly supplied from the on-site PV system, during daylight hours. Our analysis of residential 
load shapes suggests that HVAC and plug loads are probably the best candidate end-uses for 
maximizing energy savings from direct-DC power. With increasing penetration of energy storage 
systems in homes, we expect the reduced energy losses with DC power to be a major driver of the 
use of DC with on-site solar and storage systems. 

Finally, we find that current prices for DC-ready products are noticeably higher than their equivalent 
AC counterparts. This is primarily a result of the niche status of DC products and their small 
production volume. We expect this price premium to decline in the future as production volumes 
increase and market distribution channels become more familiar with DC products. Eventually, the 
price for DC products could actually be less than AC, due to their decreased parts count and simpler 
design. 
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Abstract  

The burgeoning landscape of smart home technology brings opportunities for home energy 
management (HEM) through energy efficiency, behavior change, and demand response channels. 
However, smart home adoption is lagging behind market projections. Research concerning consumer 
perceptions of benefits and barriers to smart home technology has tended to rely on stated rather 
than revealed attitudes (i.e., what consumers say rather than what they do), which could be inhibiting 
a fuller understanding of smart home adoption. As part of a comprehensive investigation of the HEM 
space, we conducted mixed method consumer research, involving survey, interview, and 
observational methods, to explore both stated and revealed attitudes regarding smart home benefits 
and barriers. Specifically, we surveyed utility customers and interviewed and observed retail 
customers while they toured smart home demonstrations. Stated attitudes were assessed via 
descriptive analysis of survey data and qualitative analysis of direct responses to interview questions. 
Revealed attitudes were assessed via inferential analysis of survey data comparing HEM product 
owners to non-owners and qualitative analysis of retail customer observations. Results regarding 
revealed attitudes suggested that benefits pertaining to nurturing and protecting one’s household 
have driven adoption in this space and product cost and lack of knowledge (e.g., complexities of 
smart home technologies) presented the most significant barriers to smart home adoption. Differences 
and complementarities between stated and revealed attitudes are discussed. 
 

Introduction 

Smart home technology is on the rise in the United States. This technology, which typically refers to 
household appliances that incorporate additional sensing, communication, and actuation components, 
enables appliances to communicate wirelessly with each other and users, such that they can be 
accessed remotely and programmed to provide services for occupants [1-3]. Within the burgeoning 
smart home landscape are opportunities to support home energy management (HEM). HEM 
technologies enable households to better manage their energy consumption by providing information 
about how they use energy and/or by allowing them (or third parties) to more precisely control energy-
consuming devices in the home, for example, via remote control of appliances, setting schedules or 
rules for operation, or integrating “intelligence” through learning algorithms. 

For utilities, HEMS (home energy management systems) hold great potential for delivering on energy 
efficiency mandates and demand-side management (DSM) goals, both of which can contribute to a 
reduction in power grid operating costs. Industry also seems quite invested in promoting smart home 
technologies to consumers. For example, Sears has begun to deploy “Connected Solutions” retail 
displays in 200 Sears and 300 Kmart stores around the country [4], Target has rolled out Connected 
Life departments in 1,800 stores [5], and Wal-Mart now has a “Your Life. Connected: Home 
Automation” website [6]. Many consumers are also projecting a future with smart home technology; 
according to one survey [7], 60% of Americans believe a fully connected home will be achievable 
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within the next 5 years. In another survey [8], 68% of Americans claimed to believe smart homes 
would be as common as smartphones in 10 years. 

Despite efforts and expectations, the market has yet to deliver. For example, in a market 
characterization survey in 2015 [9], 50% of the sample (North Americans) said they were likely to 
purchase a smart home product in the next 12 months. A similar study in 2016 [10] found that only 6% 
of American households owned a smart home device. The fact that many predictions have overshot 
smart home market potential may mean the benefits are not as attractive as preliminary researchers 
and product developers believed, and/or the barriers are more difficult to overcome.  

The primary goal of this research was to explore reasons underlying the lag in consumer adoption of 
smart home, particularly HEM, technologies. We focused on consumers’ perceptions of smart home 
benefits and barriers that motivate or discourage the decision to purchase. Furthermore, our intent 
was to go beyond what consumers say when asked about smart home benefits and barriers by also 
considering what they do in terms of shopping for and purchasing smart home products. We refer to 
this distinction as stated versus revealed attitudes.  

In the field of behavioral economics, stated preference and revealed preference refer to research 
techniques used to understand how consumers value economic goods [11]. In stated preference 
studies, consumers are asked to choose among goods or state their willingness to pay for certain 
attributes of a good, always under contrived circumstances (i.e., experiments). On the other hand, 
revealed preference studies consider consumers’ actual market behavior (i.e., purchase decisions).  

Thus, the distinction between stated and revealed can be generally understood as the difference 
between what consumers say when asked and what they actually do. And there often is indeed a 
difference [11]—not because consumers willfully misrepresent their preferences, but because we are 
not always aware of all the factors that influence our own behavior. This concept is also relevant 
beyond the context of economic valuation. For example, people consistently underestimate the 
influence of social norms on their own behavior [12]. 

In this study, we generalized the notions of stated and revealed preference to assess consumer 
attitudes regarding smart home benefits and barriers. We analyzed consumer responses to survey 
and interview questions about smart home benefits and barriers to assess stated attitudes. To assess 
revealed attitudes, we compared survey responses of HEM-related smart home product owners to 
non-owners and observed customers touring and shopping in smart home demonstration spaces at 
retail stores. Before describing our study, we first review past research on smart home benefits and 
barriers. 

Literature Review 

In recent years, a number of large consumer surveys have been conducted to characterize and 
forecast the smart home market [9, 13-17]. These studies shed some light on consumers’ perceptions 
regarding smart home technology benefits and barriers, though they rely predominately on what 
consumers say they like and dislike. For example, they ask participants whether they agree or 
disagree with a list of opinions regarding benefits and barriers to the smart home. 

One such survey by Kelton Global and Nest in 2016 [14] found convenience to be the most frequently 
cited smart benefit (i.e., 54% of respondents agreed that convenience would be a benefit). Icontrol 
Networks in 2015 [9] found that security was the most frequently indicated benefit of the smart home 
(90%), followed by cost savings enabled by energy efficiency and monitoring (70%). Another survey 
by Coldwell Banker and CNET in 2015 [15] indicated that 42% of homeowners would consider the 
purchase of a smart home product if it could yield $500 or more in yearly savings. 

Barriers to smart home adoption have also been addressed in these studies. Data privacy and 
security are most often highlighted. For example, Icontrol Networks [9] found that data security and 
privacy was consumers’ top concern, specifically, fear that their personal information might be stolen 
(71%) or collected and sold (64%). Similarly, Kelton Global and Nest [14] found that 82% of 
respondents were concerned about keeping their personal information secure.  

In the Icontrol study [9], data privacy and security concerns outranked concerns about cost, but cost 
has also been highlighted as a significant barrier to smart home adoption. For example, the Harris Poll 
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in 2015 [16] found that 88% of respondents believed smart devices are too expensive. In a survey by 
Honeywell in 2015 [17] 66% of respondents cited cost as the reason they had not yet acquired smart 
home products, and in the survey by Coldwell Banker and CNET [15] 44% of respondents indicated 
they would consider purchasing smart home products if the price were lower. In the Icontrol study [9] 
a majority of participants also feared that smart home technology would have “too many bugs” (57%). 

Academic research concerning smart home adoption has included more varied methods to assess 
consumers’ perceptions of benefits and barriers. For example, Balta-Ozkan et al. [1] conducted public 
deliberative workshops in the United Kingdom to better understand the social barriers to smart home 
adoption. Qualitative analysis of consumers’ discussions enabled a deeper and more comprehensive 
account of smart home barriers compared to the surveys reviewed above. However, like those market 
forecasting studies, the result is a list of potential barriers without much differentiation between 
concerns that consumers are more willing to overlook and those that significantly impede adoption. 
Likewise, given existing consumer research it is difficult to distinguish which benefits are sufficiently 
valuable to persuade consumers to adopt, and which are simply acknowledged.  

One strategy to help decipher which benefits and barriers are most related to adoption is to compare 
attitudes of smart home technology owners to non-owners. Hargreaves and colleagues [18, 19] 
recruited participants to use smart home technology and assessed their experience, including 
motivations for participating (i.e., perceived benefits), which included saving energy and money, 
interest in new technology and automation, protecting the environment, and desire for improved 
control [19]. However, recruited research participants are not necessarily representative of naturalistic 
smart home technology adopters.  

Mennicken and Huang [20] interviewed seven households who had adopted smart home technology 
naturalistically (not as research participants) to explore motivations for adopting. Their analysis 
revealed four themes: adopters perceive that modern homes should be smart homes; experiencing 
benefits of smart homes has a reinforcing effect leading to further adoption; “hacking the home is a 
hobby”; and saving energy. Although this study provided needed insights into naturalistic adopters’ 
attitudes, findings relied solely on stated attitudes, i.e., what adopters said motivated them to adopt. 

Karlin et al. [21] surveyed naturalistic adopters and non-adopters of home energy feedback 
technologies in particular and found that users’ reported motivations largely pertained to a desire for 
knowledge about energy use--specifically, the ability to track energy use or to learn about energy 
consumption patterns. In addition to analyzing what adopters said their motivations were for adopting, 
Karlin et al. also statistically compared adopters to non-adopters and found that adopters were, in 
general, less motivated by financial considerations and more motivated by environmental 
considerations. However, these revealed attitudes were general rather than specific to HEM 
technology adoption.  

Another strategy to reveal benefits underlying smart home technology adoption is to look at the 
products consumers buy. For example, the Chamberlain Group, Inc. in 2016 [22] found that the three 
most commonly used smart home devices were garage door openers, smart door locks, and security 
cameras, all of which are security focused. This implies that adopters seek and recognize security as 
a benefit of smart home technology. Further research into the experience of retail shoppers, when 
they are in the process of valuing the benefits and grappling with the barriers, could also help reveal 
the most potent benefits and barriers, i.e., those that truly inspire or obstruct adoption. 

Methodology 

The research presented in this paper was part of a comprehensive investigation of the HEM space 
conducted for Pacific Gas and Electric (PG&E), the largest investor-owned utility in California [23]. 
The project included an inventory and analysis of available HEM technologies, stakeholder analysis, 
and consumer research. The consumer research stream of this project was comprised of a survey of 
PG&E customers, customer observation and interviews at two smart home retailers in the California 
Bay Area, employee interviews at these same retailers, and content analysis of HEM product reviews 
on Amazon.com.  

In this paper, data from the survey, retail customer and employee interviews, and customer 
observations are analyzed to explore and compare consumers’ stated and revealed attitudes 
regarding smart home benefits and barriers. Stated attitudes were assessed via descriptive analysis 
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of survey data and qualitative analysis of customer interview data. Revealed attitudes were assessed 
via inferential analysis of survey data (comparing HEM product owners to non-owners), and 
qualitative analysis of retail customer observations and employee interviews. Specific methods are 
described in the following sections.  

Survey 

We conducted an online survey in March 2016 to assess PG&E customers’ perceptions of smart 
home, and particularly HEM, technologies. Questions were aimed toward measuring awareness of 
and attitudes toward smart home technology in general as well as specific HEM product categories. 
We also asked about ownership of particular HEM product categories (i.e., smart thermostats, smart 
lights, smart appliances, smart plugs).  

There were two versions of the survey--one used the term “smart home” and the other “connected 
home”; participants were randomly assigned to one version. The purpose of this split-test was to 
determine which term was more popular in the vernacular and what their connotations were. Data 
from both versions are used in analyses for this paper.  

Data from the following questions were analyzed for this paper: 

1. How much does the idea of a smart (or connected) home appeal to you? (Not at all; A little bit; 
Somewhat; Very much) 

2. In which of the following ways, if any, might smart (or connected) home products benefit your 
household? (Select all that apply; response options listed in Table 1) 

3. Which, if any, of the following concerns do you have with smart (or connected) home 
technology? (Select all that apply; response options listed in Table 2) 

4. Do you own a smart thermostat/a smart appliance/any smart lights/any smart plugs? (Yes; 
No; Not sure) 
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Figure 1. Infographic shown early in the survey to familiarize participants with the concept 
before asking about perceived benefits and barriers. 

 
A key aspect of the survey was the use of infographics to introduce participants to the concepts of 
smart home and each product category; these infographics were presented after questions inquiring 
about awareness and before questions about attitudes. For example, participants were shown the 
smart (or connected) home infographic in Figure 1 before responding to questions 1-3 above 
concerning attitudes toward smart home technology. After questions about the smart home in general, 
participants were shown a similar infographic for each HEM product category, in turn, before they 
were asked question 4 (whether they owned a product within each category), which was four separate 
questions in the survey but combined for analyses in this paper in order to compare owners of any of 
the four HEM product types to non-owners. 

The survey was implemented using PG&E’s Customer Voice Panel, a voluntary pool of more than 
15,000 customers who agreed to be contacted for research recruitment. A stratified sampling 
methodology was used to increase the representativeness of the sample in terms of region (Northern, 
Central Valley, Central Coast, Bay Area), sex, age, income, and housing tenure (own or rent). The 
resultant sample consisted of 1,414 customers (a 28% response rate). Sample characteristics are 
listed in Figure 2. 
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Figure 2. Survey sample characteristics; mode of responses in bold text 

Retail Research 

We partnered with two major retailers to conduct research at their smart home retail spaces. The 
retailers were selected because each had an innovative and unique smart home demonstration and 
display space in one of their stores in the California Bay Area. Our research with these retailers 
consisted of three methodologies: customer observation, customer interviews, and employee 
interviews.  

Retailer A  

Research at Retailer A was conducted by the lead author and three research assistants across two 
Saturdays, November 4th and December 5th, 2015, from 10 a.m. to 4 p.m. The smart home display 
area where the research was conducted was set up as a faux home, consisting of rooms decorated 
as typical rooms in a home: a nursery, gym, laundry room, kitchen with dining area, family room, 
garage, and patio. Product displays included interactive demonstrations and traditional shelf displays. 
Products on display included the following categories related to HEM: smart plugs and switches, 
smart lights, smart thermostats, and smart hubs.  

Other smart home products on display focused on fitness and health (e.g., activity trackers), 
entertainment (e.g., smart speakers), security (e.g., smart cameras), cooking (e.g., smart coffee pot) 
and caregiving (e.g., smart infant scales). Posters displayed in the rooms indicated which products 
might appeal to different types of customers, i.e., wellness enthusiasts, new parents, busy parents, 
and family caretakers. In addition, products were labeled with tags to denote compatibility with various 
systems, e.g., “works with Wink”. 

Customer research with Retailer A centered around employee-guided tours of the smart home 
display. The tours were led by either the department manager (of the smart home area) or the lead 
sales employee, both of whom were highly experienced touring customers and vendors through the 
space. The researchers collaborated with both employees prior to the research in order to develop the 
procedure for the tours, which was as follows. 

Prior to each tour, announcements were made over the store intercom to alert customers to the 
opportunity to take a tour and receive a gift bag containing a $5 gift card and a few other small gifts. 
There were four tours on the November date and three in December. Tours ranged in size, from 1 to 
approximately 30 customers. Due to the semi-structured nature of the tours and multiple opportunities 
for customers to ask questions, tours ranged widely in terms of duration, lasting between about 15 to 
40 minutes. 
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The tour guide led customers through the space room-by-room, introducing the products and offering 
customers a chance to ask questions. Tours on the November date progressed from the entry to the 
space, to the kitchen and product area which focused mostly smart lights and smart plugs, onto the 
fitness area, and ending up at the patio and garage. On the December date, the tours focused more 
exclusively on products with energy implications: starting with smart lights and smart thermostats in 
the family room area, then on to smart plugs and hubs. The tour guide typically described product 
types rather than specific products except in cases where there was a product with unique features or 
only one product of a certain type displayed. Throughout the tours, the guide occasionally asked 
customers if there was anything they particularly liked or disliked. 

In total, there were approximately 75 tour participants across both days. Customers ranged in age, 
sex, group composition, and ethnicity. Families included those with small children and teenagers, 
mother-only or two parents, and one family with a grandparent. There were couples and single adults; 
most were Asian or Hispanic. 

Retailer B 

Research at Retailer B was conducted by the lead author, a research assistant, and an in-house 
researcher for Retailer B, on April 18 and 19, 2016, from 11:30 a.m. to 7:30 p.m. This smart home 
retail space included product display tables with interactive touch-screens offering product 
information, and an interactive demo faux home space with products set up throughout five rooms: 
living room, bedroom, nursery, kitchen, and entry/exit. Each room contained a tablet with several 
vignettes (e.g., arriving home, bedtime) that, when selected, animated the devices in the room to 
illustrate a user scenario. 

Research at Retailer B consisted of passive observation of approximately 250 customers at the 
product display tables and cashiers, as well as 21 customer interviews and 6 employee interviews. 
Customer interviews were conducted during self-guided tours of the faux home demo space. 
Interviewees were given $15 store gift cards. Customer observation at product display tables and 
cashiers was conducted by a researcher stationed in the area for the duration of the research on both 
days (i.e., for approximately 16 hours). She took detailed notes describing customer interactions with 
each other, products, and employees, including purchases made. Additionally, we used a time 
sampling method whereby the researcher noted the location and activity of each customer in the 
space at regular 10-minute intervals, particularly noting which products were receiving attention. 

Customer interviews were initiated by the lead researcher approaching customers, both individuals 
and groups, shortly after they entered the store and offering the $15 gift card to each customer for 
participation. Two researchers then guided the participant(s) through the demo space and prompted 
them to independently explore the scenarios in each room via the tablet, taking as little or as much 
time as they wished. The tour and interview duration ranged from 5 to 45 minutes, depending on 
customer interest and responsiveness to questions. Demographic data on customers were not 
recorded. 

During each interview, one researcher asked participants questions at the beginning and end of the 
tour, as well as after each room, while the other took detailed notes on customers’ responses and 
non-verbal behavior. At the beginning of the tour, we asked customers if they had ever been to this 
retail space before, why they had come in that day, how familiar they were with smart home 
technology, and whether they owned any smart home products. Both before and after the tour we 
asked them how they thought smart home technology might benefit their household. After each room 
in the faux home display, we asked them what they thought about the different scenarios illustrated, 
which products or features they would want in their own home (and why), and which products seemed 
less relevant for them personally (and why). We asked additional follow-up questions based on 
customers’ responses. 

To capitalize on the rich experiences of employees, we interviewed six employees at this retailer. 
Their employment tenure ranged from 3 to 12 months. We asked them about customers’ levels of 
knowledge about smart home products, what customers liked about the technology or tended to 
overlook, what products were most and least popular, etc. Interviews were 30 minutes long. 
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Data Analysis 

We analyzed data from each method to assess both stated and revealed attitudes about smart home 
benefits and barriers (Figure 3). Specifically, stated attitudes were assessed via descriptive analyses 
of survey data and qualitative analysis of retail customer interview data. Revealed attitudes were 
assessed via inferential analyses of survey data (comparing smart home technology owners to non-
owners) and quantitative and qualitative analysis of data from observations of customers in retail 
spaces as well as interviews with retail employees (regarding their observations of customers). When 
customer quotes are presented in support of findings regarding stated attitudes, they are direct 
responses to interview questions. When customer quotes are presented to support findings regarding 
revealed attitudes, they are spontaneous comments customers made to each other, employees, or 
researchers outside the context of the interviews. 

 
Figure 3. Triangulated methods and analyses to assess consumers’ stated and revealed 
attitudes about smart home benefits and barriers  

Results and Discussion 

As expected, our findings regarding consumers’ revealed attitudes about smart home technology 
contrasted with our findings regarding stated attitudes. We present the results concerning smart home 
benefits first, then smart home barriers. Within each section, we first discuss findings regarding stated 
attitudes, then revealed attitudes.  

Smart Home Benefits 

Stated Attitudes 

When asked in our online survey to select among potential smart home benefits for their own 
household, a majority of participants indicated that smart home technology could help them save 
money on energy bills (83%), reduce energy use (83%), enable better management of household 
energy use (67%), alert them when household equipment needs attention (64%), and reduce negative 
environmental impact (56%). See Table 1 for the full list of perceived benefits and their prevalence. 
Interestingly, these dominantly perceived benefits are related to energy, efficiency, and environment, 
all of which participants might expect utilities (such as the one conducting the survey) to value. This 
could be indicative of demand characteristics, a response bias whereby participants respond based 
on what they believe the study is about. However, the prevalence of energy and cost savings as a 
stated benefit was consistent with past survey research [9, 15, 18-21]. 

Table 1. Survey data analyses of stated and revealed attitudes about smart home benefits  
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Stated Attitudes 

Revealed 
Attitudes 

Benefit 

% Selected, 
Full sample 
N = 1,414 

% Selected, 
Non-owners 
n = 1,066 

% Selected, 
Owners 
n = 348 

Coefficient 
(SE) 

Save money on energy bills 83% 81% 89% .068(.244) 

Reduce energy use 83% 81% 89% .037(.249) 

Enable better management of 
household energy use 67% 

64% 76% .171(.173) 

Alert me when household 
equipment needs attention 64% 

61% 73% .122(.158) 

Reduce negative 
environmental impact 56% 

54% 63% -.054(.154) 

Make my home more 
comfortable 50% 

45% 67% .606 (.154)
***

 

Protect home from theft or 
vandalism 43% 

39% 56% .323(.144)
*
 

Save time 37% 34% 47% .133(.158) 

Enjoyable to have and/or use 34% 30% 45% .159(.153) 

Improve home resale value 34% 32% 41% .045(.143) 

Protect health of household 
members 25% 

22% 34% .071(.174) 

Make household chores 
easier 22% 

20% 31% .017(.176) 

Enable better care for pets 22% 21% 27% -.211(.175) 

Enable better care for children 
or elderly 19% 

16% 26% .130(.187) 

*
p < .05 

***
p < .001 

 

   

 
In interviews at smart home retailers, we asked customers how they thought smart home technology 
might benefit their household. A strong theme was convenience (e.g., “Simpler, faster, and easier”), 
as found in previous research [14]. We also asked customers directly about the importance of energy 
consumption and savings associated with smart home products. Although virtually all customers said 
they would appreciate energy savings, it was typically regarded as a secondary benefit (e.g., “Would 
like it to be efficient, but not a deterrent”; “Prefer low energy”; “If it could achieve energy savings that’d 
be great”). Only a few customers conveyed that energy and cost savings were a primary value (e.g., “I 
drag my feet at the idea of letting electronics control my house, but to save energy, I’m fine with that”; 
“It’s all about saving money and saving energy.”). More customers acknowledged savings as a benefit 
of smart thermostats in particular. Survey research that simply reports frequencies of each perceived 
smart home benefit may be interpreted to inflate the importance of energy and cost savings. Although 
many customers may appreciate these benefits, other benefits may be weighed more heavily.  
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Revealed Attitudes 

In order dig deeper into the benefits that inspire adoption, we ran binary logistic regression analysis to 
determine which benefits predicted ownership of smart home technology among our survey sample. 
Although owners more frequently indicated every benefit compared to non-owners, and energy and 
cost savings were the most frequently indicated by both groups, only ‘Make my home more 
comfortable’ and ‘Protect my home from theft or vandalism’ predicted ownership in the model (Table 
1).  

We stress that “smart home owners” in this model was defined as owning only product categories with 
implications for energy management, i.e., smart thermostats, smart appliances, smart lights, or smart 
plugs. Therefore, perceiving benefits related to household comfort and security predicted ownership 
of HEM products, not just other smart home products that more explicitly and exclusively provide 
those benefits (e.g., smart security cameras). Although we cannot determine directionality from a 
cross-sectional survey, these findings suggest that consumers who perceive smart home benefits 
related to comfort and protection are more likely to adopt HEM products.  

Complementary findings emerged from retail customer observations. High valuation of benefits 
related to protecting the health and safety of one’s household were implied by the popularity of the 
following products: smart doorbell, smart door lock, smart camera, smart carbon monoxide detector, 
and water leak sensor. High valuation of benefits related to fostering a nurturing home environment 
were implied by customers’ interest in the following products: smart sleep monitor/advisor; robotic 
vacuum, smart cooking scale.  

HEM products at these retailers (smart plugs, switches, and lights) were relatively less popular, with 
the exception of smart thermostats. However, keeping in mind the findings of Mennicken and Huang 
[20] that adoption of one smart home technology may reinforce adoption of additional smart home 
technologies, our findings suggest products related to comfort and security may be adopted first and 
HEM products subsequently. This is a hypothesis that requires future research. 

Smart Home Barriers 

Stated Attitudes 

When asked in our online survey whether they were concerned regarding five oft-cited barriers to 
smart home adoption (listed in Table 2), participants most frequently indicated they were concerned 
with data privacy and security (by selecting the statement ‘Smart home technology makes it easier for 
others to access my personal information without my permission’). This was the only barrier, of those 
listed, that a majority of the survey participants selected as one about which they were concerned. 
Cost was also a relatively frequent concern (40%), followed by the demands of installation and setup 
(38%), concerns about performance (31%), and perceptions that smart home products ‘make simple 
tasks unnecessarily complicated’ (29%).  

We did not directly ask retail customers about “barriers” or “concerns”, but we asked them which 
products were less relevant or useful for them personally and why. Their responses included the 
following: product inapplicability to the consumer’s lifestyle/situation (e.g., smart thermostats not 
relevant for homes without central heating and air conditioning); lack of foundational technology in the 
home (e.g. no/unreliable Internet or household member without smartphone); structural incompatibility 
(e.g., smart light bulbs do not fit household light fixtures; old home has limited electrical outlets so 
would not be able to plug in products); redundancy with products/services already owned (e.g., home 
security system); and renting (e.g., having to uninstall products if one were to move). 

Another theme emerging from the customer interviews related to concerns about smart home 
products being “excessive”, “overkill”, a “gimmicky” and unnecessary “luxury” or “novelty”; certain 
products or use cases were seen as promoting laziness or waste. For example, one customer noted 
that curtains should be opened for natural light in the morning rather than artificial lights coming on 
automatically. Customers also mentioned the concerns measured in our survey—cost, effort 
(particularly concerning smart thermostat installation and setup of multiple product integrations), data 
privacy and security, performance, and unnecessary complications, consistent with prior research [1, 
9, 14-17]. 
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Table 2. Barriers to smart home adoption assessed in the utility customer survey. 

 Stated Preferences 
Revealed 

Preferences 

Barrier 

% Selected, 
Full sample 

N = 1,414 

% Selected, 
Non-owners 
n = 1,066 

% Selected, 
Owners 
n = 348 

Coefficient 
(SE) 

I am skeptical whether smart (or 
connected) home products perform 
as well as basic devices and 
appliances 

31% 33% 25% -.282(.146) 

Smart (or connected) home 
technology makes it easier for others 
to access my personal information 
without my permission 

55% 56% 51% -.132(.127) 

Smart (or connected) home 
technology makes simple tasks 
unnecessarily complicated 

29% 30% 26% .038(.152) 

Smart (or connected) home 
products are probably not worth 
the price 

40% 44% 30% -.536(.136)
***

 

Smart (or connected) home products 
could be too much of a hassle to set-
up/install 

38% 39% 34% -.108(.139) 

***
p < .001     

Revealed Attitudes  

In order to dig deeper into the barriers that truly inhibit adoption, we ran binary logistic regression 
analysis to determine which barriers predicted ownership of smart home technology among our 
survey sample. Although data privacy/security was the most frequently indicated concern among both 
smart home technology owners and non-owners, only ‘Smart home products are probably not worth 
the cost’ predicted ownership. This suggests that consumers are willing to adopt HEM products 
despite having concerns about data privacy and security, but that the cost of smart home technology 
is a more difficult barrier to overcome. Again, we cannot show directionality of this relationship, but it 
creates an important hypothesis for future research. 

Our customer observations and employee interviews enabled a deeper understanding of two key 
barriers. Knowledge barriers have been discussed previously [1], but our research highlighted the 
extent to which lack of customer knowledge truly inhibits adoption. First, we noted customers’ lack of 
knowledge regarding the extent of possible integrations between multiple products. This was revealed 
by customers’ surprise upon learning about these possibilities while touring the smart home 
demonstrations. Even customers who owned one or two products were unaware of the multitude of 
available connected products and opportunities for integration.  

Furthermore, customers often did not have enough information to differentiate between products. 
Retail customers who were seeking a particular product may have done their research on a particular 
brand and not be aware of other similar products and differentiating features. For example, customers 
found it difficult to navigate the myriad of options for implementing smart lighting, i.e., smart bulbs 
versus smart switches versus smart plugs–each with multiple options in terms of brands and features. 
One couple came into a retail store with a coupon, intending to buy a product, but were unsure which 
to choose; they left without purchasing, conceding, “We have time to do more research” (before the 
coupon expired).  
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Customers’ interest in multiple connected products working together to provide benefits was evident 
by their reactions to the smart home demonstrations. However, kits that contained multiple types of 
products, and more abstract/ambiguous products that help create an infrastructure for the smart home 
(i.e., hubs, smart plugs and switches) were relatively less popular. Instead, customers tended to 
purchase just one or two products with standalone value propositions (per retail employee interviews).  

Kits, hubs, and multiple products have another thing in common: higher cost. An illustrative remark 
from one retail customer was, “Do you have to buy everything (to make it a smart area)?” This theme 
was also found specifically in discussions about smart lighting, for example, “Do I need to buy a 
switch for every lamp?” At the end of a tour, one customer remarked, “Wish I had the money to buy it 
all!”  

Some manufacturers nudge customers toward adoption of systems, but this can backfire. For 
example, one customer was very interested in a water leak sensor that required a hub. The cost of the 
hub was much higher than the cost of the sensor. “Why do I need to buy this?” she remarked, 
perplexed about the need to buy the hub when, from her perspective, she just wanted the functionality 
of the sensor. Together, these findings suggest the value of whole-home systems is not high enough 
yet, given the cost and complexities.   

Conclusion 

In conclusion, we found considerable distinction and divergence between consumers’ stated and 
revealed attitudes regarding smart home benefits and barriers (Table 3). Cost, energy savings, and 
convenience were most prevalent among stated attitudes regarding smart home benefits; however, 
retail customer interviews highlighted the typically secondary importance of energy and cost savings. 
Revealed attitudes centered on protecting and nurturing one’s household as the key values 
underlying adoption. Stated attitudes regarding barriers to smart home adoption featured issues of 
data privacy and security; retail customers also highlighted a lack of perceived value for many 
products, calling them “unnecessary” and “excessive”. Related to this perceived lack of value, 
revealed attitudes suggested that product cost and interactions between cost, consumers’ lack of 
knowledge, and complexities of the technology presented the most significant barriers to adoption. 

Table 3. Main benefits and barriers identified via analysis of each stated attitudes and revealed 
attitudes 

 Stated Attitudes Revealed Attitudes 

Benefits Save energy/money and convenience Protect and nurture household 

Barriers Data privacy/security and insufficient value proposition Knowledge/complexity and cost 

 
It is important to understand both stated and revealed attitudes. For example, energy and cost 
savings are universally appreciated by consumers; therefore, it is important for technology and market 
development to enable and emphasize these benefits. However, energy and cost savings are not 
sufficiently valued by consumers to independently drive adoption in this space. Instead, benefits that 
enable users to protect and nurture their household are driving adoption; therefore, stakeholders in 
HEM technology should package energy and cost savings with these other services.  

Similarly, though consumers’ concerns about data privacy and security should certainly be addressed, 
moving the market forward requires addressing the cost barrier, as well as the void of adequate 
information available to help consumers navigate the smart home space. Hands-on demonstrations, 
such as the retail spaces involved in this research, that provide consumers with an experiential 
introduction to smart home and HEM technology may be a particularly powerful educational resource. 

Most smart home market characterization research has focused on what consumers say they like and 
dislike about these technologies in the context of closed-ended survey questions. Relying solely on 
descriptive analyses of such stated attitudes may lead to inaccurate forecasts and ineffective 
marketing strategies. Our retail research findings regarding stated attitudes were relatively consistent 
with our findings concerning revealed attitudes, suggesting that qualitative engagement with 
consumers can produce a closer proxy for revealed attitudes. Market characterization studies could 
be improved by integrating open-ended questions into surveys and using inferential and qualitative 
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analyses. Further research into what consumers are telling us with their behavior, as well as more 
qualitative research, is required for the smart home and HEM market to reach its full potential. 
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Abstract 
 
Behavioral and social marketing programs are becoming increasingly popular, and there is intense 
interest in performance statistics for these initiatives. One especially under-studied element of these 
programs is their lifetimes – the length of time the changed behaviors are retained after the program 
interventions cease. This study assembles information on Home Energy Report (HER) program from 
around the nation, presenting 4-years of retention findings, and the implications for cost-effective 
program design and measure lifetimes for the programs. In particular, we examined: 
• The persistence of savings year after year and the average drop-off in retention, comparing 

findings from multiple locations 
• Whether the program can be delivered with improvements in total savings and cost per 

kilowatt hour, using the results of the study 
• Whether the programs led to greater participation in “other” residential programs and higher 

levels of adoption of “deeper” measures (insulation, etc.) 
 
The project also examines the question of whether there may be double-counting because of 
influences on other programs. More studies on retention of impacts from increasingly popular 
behavioral energy-efficiency programs are needed to allow programs to be credited with all their 
attributable effects, accurately assess cost-effectiveness, and consider customer cycling to 
improve/optimize program design and delivery.   

 

Background 
 
The popularity of behavioral energy efficiency programs - social marketing, feedback, and other 
designs -- is increasing, and literature is becoming available that assesses performance statistics for 
these initiatives.   Numerous studies focus on quantitative impacts at the immediate conclusion of the 
treatments, but an increasing number is allocating budget for the follow-up analysis needed to assess 
the savings for future years, which provides both measure lifetimes (important for benefit-cost 
calculations) and an assessment of total kWh associated with the program.  Without measure life 
information, program savings are understated, cost-effectiveness is incompletely calculated, and the 
allocation of funds is not optimal. 

  
This paper provides information on two elements of behavior program lifetimes:   

 technical (or behavioral) degradation, and  

 the number of years any attributable savings remain.   
 
The combination of these factors represents a proxy lifetime, or a multiple of the savings that can 
represent the full attributable savings.  
 
Measure lifetime work for behavior programs is not yet common enough to be confident in assigning a 
lifetime.  Years of this type of follow-on work – billing analysis and/or surveys -- should be included in 
program budgets as part of routine evaluation work until a sufficient literature on behavior retention 
patterns are identified.  The paper also illustrates the usefulness of retention results in program 
design and optimization. 

 

Literature Review 
 
The literature on retention of education, training, social marketing, and behavioral interventions is 
growing, but in a review of more than 150 studies in the behavioral sphere, we found that few 
examined savings beyond the “treatment” year, and only a few before 2009 even mentioned retention 



 

345 
 

(Freeman and Skumatz 2012 [2]).
147

  If savings beyond the treatment year are not demonstrated, it 
makes it hard to get attribution beyond that period (assumption of no retention).  This makes it hard 
for potentially important and dynamic education programs to receive high benefit-cost ratios, reducing 
the likelihood of appropriate funding levels (Skumatz, Khawaja, and Colby 2009 [16]). 
 
The literature review found several studies that addressed retention of educational messages and 
installation of low-cost energy-efficiency measures delivered through energy education programs. The 
Energy Smart Program conducted in Oregon with low-income households found strong to mild 
retention (about 40% after 3 years) of behavioral changes. Three energy education programs 
delivered in schools: the Kentucky NEED Program, the Iowa Living Wise Program, and the 
Washington Energy Education in Schools Program, show the importance of quality education and 
reinforcement of behavioral change messages over time. The highest behavioral changes were found 
from the Washington program where teachers conducted at least three different classroom sessions 
and one assembly over the course of an entire school year.  An early study by Harrigan and Gregory 
(1994) [3] found 85%-90% of the savings from the education portion of a weatherization program 
were retained after three years.  Few studies have conducted primary data analysis on the topic.  
Even well-funded multi-year statewide outreach programs have not examined the persistence of 
behavior change (Skumatz et. al. 2009 [16]). 

 

HER Programs 
 
Home Energy Reports (HER) Programs are the exception; the programs are popular, relatively 
consistent in design, and well-funded.  Impact evaluation studies are quite common (See Figure 1), 
and more and more retention studies of HER programs are being conducted.   
 
The home-energy report-type (HER) is a bill feedback program generally offered to single family 
households.   HER programs are designed to achieve residential electricity savings and customer 
value to utilities through delivery of a two-page (printed front and back) report.  The feedback reports 
sent to households identify their energy use, and provide comparisons to other households. The 
group of similar households, referred to as “neighbors”, are defined as 100 occupied households 
similar in size and paying the same rate code as the participating home.  HER reports also provide 
lists of energy-saving tips that differ from month to month and year to year.   
 
These programs are often very large, covering many thousands of households, and use a randomized 
test/control quasi-experimental design to provide reports to a sample of households, and no reports to 
another group - a specially-selected “control group”.  Evaluators compare energy savings of the 
treatment group to the control group.  The program generally uses an “opt-out” design (very few opt 
out), so the design does not suffer from the self-selection bias that often plagues other energy 
efficiency program evaluations.

148
   

 
Energy savings values for the programs are relatively consistent for the high use customers that are 
the usual targets of these programs.  Table 1 presents a round-up of savings results from programs 
around the US, showing a relatively common savings figure of about 1.5% electric savings and 0.9% 
gas savings for the basic program for high use customers.   Results from alternative designs are not 
quite as consistent.

                                           
147

 Following up on a similar review conducted in Skumatz and Green 2000 [13]. This lack of retention results was reconfirmed 
by Mazur-Strammen and Farley, ACEEE, 2013 [7]. 

148
 Description from NMR Group, Inc.  2016 [8]. 
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HER program type Average net electric 
savings 
(range) 

Average net gas 
savings 
(range) 

Basic design -opt-out, feedback, 
social norms  
(7 studies electric, 6 gas) 

1.5% 
(0.9%-2.1%) 

0.9% 
(0.3%-1.6%) 

Adding rewards (2 electric, 1 gas) 0.9% 
(-2.2%-2.0%) 

0.4% 
(0.3%-0.5%) 

Adding on-line portal, enhanced 
phone (2 electric) 

1.6% 
(0%-2.2%) 

 

Connecticut program – basic design 
(NMR 2016) (monthly and quarterly 
cohorts) 

1.88%; 1.7% excluding 
outlier group (1.57%-
3.62%) 

 

Figure 1:  Typical Savings Estimates from HER Programs – Design Variations 

 
 
We conducted a review of early HER retention studies (Skumatz 2014 [12]), to which we have added 
newer work uncovered by a recent update to the literature review (see Figure 2).     
 

Study Service 
area 

Treatment 
months 

Post-
treatment 
savings 
analysis 
months 

Average annual 
savings decay 
results 

Implied lifetime 
(yrs)  

Alcott & Rogers 
(2014) 

Upper 
Midwest 

24-25 26 21% 2.9 

Alcott & Rogers 
(2014) 

West 
coast 

24 29 18% 3.3 

Alcott & Rogers 
(2014) 

West 
coast 

25-28 34 15% 4.2 

Integral 
Analytics (2012) 

SMUD 27 12 Savings decay of 
32% one-year 
after treatment 
stopped 

2.1 

DNV-GL 
(2014a) 

PSE 24 36 11% 5.1 

DNV-GL (2015) PSE 24 60 8%  

ODC (2014) NGRID-
MA 

12-24 10 Reduced 
treatment led to 
reduced observed 
savings, with 
sharper effect for 
gas cohorts. 

 

NMR (2016) CT 8-14 32 24% 2.6 

NMR (2017, 
draft) 

CT 8-16 44 17% (12-28% for 
cohorts); Savings 
ceased after 3 
years after 
treatment. 

Delivered a total 
of 2.82 times 
savings of 
treatment year 
(range by cohort) 

Range and 
Simple Average 

 8-28 10-34 8% - 32%; 17% >3 years 

Figure 2:  Post Treatment Savings from HER Programs  
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1. adapted from Skumatz, 2016 [14, 15] 
2. All HER reports were delivered monthly and quarterly except the ODC study, which were bi-

monthly and quarterly.   
3. Attrition for studies not reported in all cases. 

 
The decay rates in the table average roughly 17% (unweighted).  Khawaja and Stewart (2014) [6] 
suggest that a measure of effective useful life (EUL) can be estimated using these types of results, 
arguing that EUL = lifetime savings divided by first year savings with lifetime savings calculated using 
the decay rate and an attrition rate factor.

149
  This formula may provide an approximation of lifetimes 

until sufficient studies are conducted that show when significant savings cease.  

 

Traditional Considerations of Degradation over Time 
 
Unlike “widget” measures which may tend to “break” and stop functioning, the nature of behavioral 
programs is not to “break” and cease functioning, but to lose savings over time as behaviors lose 
hold.  Members of the household conduct the behavioral change less frequently without the feedback, 
prompts, or incentives, and different members of the home fall off at different rates.  In totality, this 
drop-off of behavior leads to a drop-off of the associated savings over time.  This more gradual form 
of savings decline is closely aligned with “technical degradation” of performance in each home (or 
business, etc.).   
 
Traditional calculations of measure lifetimes use large-scale surveys to identify the years after 
installation that measures stopped functioning or were removed.  Measure life studies use measure 
failures over time to estimate a “hazard function” or decay function, a statistically-estimated function 
that takes on an S-shape.  These estimates are based on a statistical calculation including data from 
the ages of measures that are still functioning, and the age of measures that have already stopped 
functioning. The decay function estimates the percent of measures that are still in place and 
functioning (and delivering savings) each year after installation.  Widgets or measures fail, and more 
fail as time goes on; a few fail right away, and a few hang on for a long time, but the majority fail at a 
more accelerated rate toward the middle.  For benefit-cost work, the median failure date is used as 
the effective useful life (EUL).   Half of the measures live longer than this, and half deliver savings 
over a shorter period.     
 
But measures may not just “die”; their savings capabilities may degrade for technical reasons.  This 
concept – a “technical degradation function” (TDF) – has been examined a few times in the past 
(Skumatz et. al. 2009 [16]), but a literature review finds the concept has been examined empirically 
only a few times. For example, a paper by Jump et. al. (2008)[5] applied 1998 laboratory 
measurements of lamp median life (from Rennselaer Polytechnic Institute Lighting Lab) to residential 
logger data collected by KEMA in 2003-2004, and derived an average CFL normalized lamp life.  
Using the rated life from the lamp packaging allowed computation of an observed life.

150
   

 
An engineering study (Proctor 1997)[9] provided valuable information suggesting that only a few 
measures may most likely have been affected in a positive or negative way relative to the decay in 
performance of standard measures.

151
   

In addition, it is worth noting that TDF / performance degradation is the combination of two effects – 
technical degradation, as well as a behavioralor operational component that would relate to O&M 
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 Calculated as first year savings / (d+a-d*a) where d=annual decay rate and a=annual attrition rate.  
150

 This is a result distinct from an EUL because EULs include early burnout or removal, which is not captured by this method. 
151

 The few studies identified included work by Jump et al. (2008)[6], and research in the 1990s by Heschong-Mahone, SBW, and others.  We also pursued 
leads for work by Ecotope, Stellar Processes, and others.  In addition, according to one interviewee, the CPUC has approved a relatively large study 
for a team to begin testing some lamps that are currently on the market.  Testing of this nature hasn’t been conducted since the 1990s, and studies of 
CFLs at that time indicated that the results fell short of rated lifetimes for some lamps.  The manufacturer’s rated life is based on a schedule of three 
hours on, 20 minutes off (which does not parallel common usage patterns). (Personal communication with Corina Jump, 2009).  A series of studies 
by Proctor Engineering (1997) on different equipment types was also identified. The studies generally concluded that degradation – above the 
degradation pattern that would be realized in standard efficiency equipment – was very unlikely for the majority of equipment types (examples 
included residential air conditioners and refrigerators).  In some cases, the analysis suggested that the degradation associated with new efficient 
equipment might be less than standard / traditional equipment, leading to “negative” degradation or higher / increasing savings relative to traditional 
equipment.  In the case of high intensity discharge (HID) lighting, small quantifiable technical degradation was suggested.  The study noted that for 
several measures (commercial package air conditioners and oversized evaporative cooled condensers), the engineering analysis suggested that 
potentially significant relative technical degradation could occur – and primary research may be needed to further explore the issue.  Many measures 
were likely to experience absolute technical degradation, but that it leads to stable or increasing savings over time compared to the parallel standard 
measure.  
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behaviors, for example, regular replacement of filters [see California EM&V Protocols on EUL].  For 
the most part, TDF studies have been uncommon, are expensive, and the studies that have been 
conducted do not indicate a large effect – indicating that the simplification of measures “breaking” or 
“dying” is a reasonable simplification for the pattern of lifetimes for widgets.  Behavioral programs 
have higher near-term savings degradation, and don’t “stop” functioning the same as widgets.  This 
complicates the computation of measure lifetimes in periods before savings have stopped (the way 
widget lifetimes  are computed); in addition, much of the literature on decay of behavioral savings 
focuses on means, and measure lifetimes for widgets are based on medians.   
 

Another Savings Complexity:  Behavior vs. Measures and the Double-Counting 
Issue 
 
The HER program encourages behavior change in use of equipment.  However, it may also 
encourage customers to invest in additional energy efficient equipment.  These behaviors may be 
considered attributable to the behavior change program, or may be counted under another measure-
related energy efficiency program; however if that equipment is purchased under another utility 
program, it is clear that the savings should not be double-counted – attributed to both the HER and 
the other program.   
 
The Connecticut work (NMR 2016 [9]) examined the issues of the degree of potential double-
counting.  The project showed that participation in the utility’s basic Home Energy Saver (HES) 
program was higher for HER participants than non-participants (4.7% vs. 3.9%).  Participation in other 
programs was not significantly different.  Inspection for differences in investment in deeper measures 
incentivized by the program found a higher rate of installation of insulation for high users (8.9% vs. 
7.1%), but no significant difference in uptake of other measures (furnaces and boilers, other HVAC, 
refrigerators and freezers, heat pump water heaters, windows). The study concluded that, at this time, 
the double-counting issue was not a substantial problem.   

 

Implications and Cost-Effectiveness 
 
The short term retention rates for the programs in Table 2 above are quite high – ranging from 68% to 
more than 90% after one year, and decaying from there.  This implies savings might be achieved by 
“cycling” customers on and off the program, saving the program costs for the “off” years.  Simple 
sample computations for the range and average savings retention values from Figure 2 are presented 
in Figure 3.  
 
The computations show: 

 Cycling among customers may allow savings to be achieved at a considerably lower cost per 
kWh. 

 Reviewing the overall column, two or even three years off can achieve a high percentage of 
savings at a fairly substantial savings (on the order of 75% of the savings at 38% of the cost 
of continual treatment.  

 If the full amount of total annual savings must be achieved, second cohorts, signed on during 
“off years”, will make up the difference in kWh.  This is still less expensive, and “touches” 
more customers.   

 The preference for cycling at a particular utility may depend on the costs relative to other 
programs, and the degree to which savings goals are stated as maximum savings, or most 
cost-effective savings, or other statements of goals. 

 These are simplistic calculations.  Other cycling designs may be created (2 years on, 1 year 
off, etc.).  Note that these figures are approximate, based on annualized computations and 
rounded data to show that benefits accrue, even for retention for the high decay case.   
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Low Decay 
Range (8-11%) 

Average Literature 
(17%) (uses CT 2017) 

High Decay Rate 
(24-32%) 

Year 1 savings kWh per 
household (HH) 

391 391 391 

Year 2 savings (% of Yr1) 91% 79% 68% 

Year 3 savings (% of Yr1) 81% 67% 36% 

Year 4 savings (% of Yr1) 72% 36% 0% 

Cost/hh for treatment $12.00 $12.00 $12.00 

Continual treatment 
   

Total savings 1 year 391 391 391 

Cost/kWh $0.031 $0.031 $0.031 

Percent of $/kWh compared to 
continual treatment  

100% 100% 100% 

1 year on, 1 year off 
   

Savings 745 700 657 

Cost/kWh $0.016 $0.017 $0.018 

Percent of $/kWh compared to 
continual treatment  

52% 56% 60% 

Percent of kWh compared to 
similar years continual treatment 

95% 90% 84% 

1 year on, 2 years off 
   

Savings 1062 962 798 

Cost/kWh $0.011 $0.012 $0.015 

Percent of $/kWh compared to 
continual treatment  

37% 41% 49% 

Percent of kWh compared to 
similar years continual treatment 

91% 82% 68% 

1 year on, 3 years off       

Savings 1341 1103 798 

Cost/kWh $0.009 $0.011 $0.015 

Percent of $/kWh compared to 
continual treatment  

29% 35% 49% 

Percent of kWh compared to 
similar years continual treatment 

86% 71% 51% 

Figure 3:  Calculations of Cost and Savings Incorporating Customer Cycling 

 
 

Conclusions 
 
Measure lifetimes are an important part of the features of a program.  Studies of persistence of 
behavioral programs – social marketing, education, feedback, etc. -- are relatively scarce, and 
represent a gap in the literature on both behavioral programs and on retention work.  The lack of 
these studies makes it difficult to properly allocate expenditures among energy efficiency program 
alternatives, and hampers the development of optimal designs for these programs.  Recent work 
focusing on one type of program – the Home Energy Reports (HER) offered by multiple utilities – 
indicates that the lifetimes may be substantiated as multiple years, and may have substantial 
retention even after the program interventions are interrupted.  It is important to study not just the 
treatment energy savings, but also the savings once the treatment has stopped; it is also important for 
other behavioral programs to do the same.  Defensible estimates of retained savings from behavioral 
programs is needed to properly attribute program savings, refine program design, and seriously 
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consider the programs in cost-effectiveness calculations with lifetime numbers that are stronger than 
guess-work or ad hoc deemed values. 
 
Developing a comparable EUL for behavioral programs may not be straightforward.  Measure-based 
EULs ignore technical degradation, perhaps because of budgets, but also possibly because the 
studies that have been conducted may suggest that measures mostly live or die without long periods 
of associated decline (there are few enough it is hard to make general conclusions).  However, a 
“behavior degradation factor” is at the heart of measure lifetimes for behavioral programs.  Three 
factors make up the lifetime for a behavioral program:  the TDF (or BDF), the years for which 
statistically significant savings accrue, and an attrition factor.  If the years of life for significant savings 
is not known, an approximation may be developed using annual degradation factors (or savings drop-
offs) projected into the future.  Modeled projections of lifetimes are used for measure-based 
programs; certainly similar modeled approaches (with quality statistics) should be a possible source 
for interim numbers for behavioral programs that have not yet “expired”.  One complication is the need 
to determine if mean lifetimes are appropriate, or if more publications need to report median figures 
for behavioral programs (one would probably prefer the latter). 
 
This paper argues that lifetimes matter.  We present some quasi-real-world calculations of the 
implications of retention data, indicating that program cycling (stopping and starting the program or 
delivering the program to different subgroups in turn) may be a cost-effective way to deliver this, and 
possibly other, behavioral programs, depending on the utility’s goals and energy efficiency mandates.  
The most important conclusion of the study is that interesting preliminary results are now available, 
but retention studies should be planned into every behavioral program, or at least those with 
demonstrated significant first year savings.  Without that, the programs are short-changing their cost-
effectiveness results.
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ABSTRACT 

A promising new technology for reducing energy waste in this area is the residential Tier 2 Advanced 
Power Strip (APS). Studies to date suggest potential annual savings of 100 to 400+ kWh with this 
technology.[1]  As no standardized single testing method is universally accepted at the present time, 
questions about how savings for different models tested in different conditions continue to exist. To 
generate trustworthy savings estimates for use in incentive programs, it is critical to standardize 
simulation and field test methods across multiple testing efforts. This report outlines some key 
considerations required for future APS field testing that is currently being planned nationwide.   

Current evaluation models have relied on both simulated operation and direct measurement for 
laboratory and field test data. In this report we present and discuss models for Tier 2 APS testing in 
both laboratory and field trial scenarios to assess energy savings capability in realistic residential 
situations. Evaluation of device logic was performed in accordance with a set of behavioral 
considerations related to device engagement, active usage periods, time of use per day, and the 
inference of active use. In addition to laboratory evaluation, we present a discussion of multiple field 
test methodologies and considerations for sources of systemic and random error. Following this, we 
discuss mitigation strategies for both the Log Mode Evaluation (LME) and pre-post evaluation 
methods. Accurate and equivalent evaluations of savings potential are critical in the determination of 
savings potential for Tier 2 APS devices. This paper provides a framework for product evaluation 
which can clarify discussion and help to advance the implementation of residential Tier 2 APS 
devices. 

INTRODUCTION 

Electronic devices associated with entertainment systems account for an estimated 40-60% of home 
plug-load energy consumption.[2, 3] Tier 2 Advanced Power Strips (APS) are energy saving devices 
that reduce the vampire load burden for connected devices in addition to powering off devices that are 
left on. In the residential market, this technology has been directed towards home entertainment 
systems with home office devices as a minor focus.  The design goal for this technology is to produce 
a device with maximal energy savings without causing a substantially negative impact on the user’s 
interaction with the device that is being controlled. This technology has been tested worldwide in 
multiple manufacturer and public sponsored field trials. After laboratory validation and initial field trials 
showed promising results, California’s investor owned utilities (IOU’s), with overview from the 
California Public Utilities Commission (PUC), extensively investigated this technology and its capacity 
to produce savings for home entertainment systems in a series of two field trials in 2014 and 2015 
into 2016.  Values for expected energy savings in real-world installations derived from field trials are 
important as these values are used to set return on investment figures and incentive figures for utility 
programs.   

Testing the energy savings potential for devices which themselves manage other devices is 
challenging.  In a controlled laboratory setting, human interaction must be relevantly modeled to 
produce meaningful evaluation.  Residential audio visual entertainment systems are particularly 
difficult to assess, due to variable interaction over time. Evaluating a product designed to save energy 
requires comparing the new energy usage to the baseline or normal energy usage, to show the 
differential savings.  

Beyond laboratory evaluations, two such methods  have been used for evaluating the energy saving 
potential of Tier 2 Advanced Power Strips in field trial studies.[3, 4]  The first method, pre-post, 
measures energy usage during a baseline period, followed by a second period during which the 
intervention is applied (the Tier 2 APS device is installed). The second method, log mode only 
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evaluation (LME) uses a single period of time where the normal usage is observed directly, while the 
expected usage if the APS were activated is simultaneously simulated and recorded.  In this report, 
the advantages and disadvantages of the two methods are discussed, as well as best practices to 
improve the utility of future study results using these methods. Both methods have utility in testing a 
variety of energy saving devices beyond Tier 2 APS that have similar human-in-the-loop approaches 
to save energy for devices with intermittent usage. Extensions of the concepts outlined here can be 
applied to Tier 2 APS units for controlling computers and for other power savings devices with similar 
user interaction.  

Although there is substantial evidence that Tier 2 APS systems can and do save energy in actual 
usage, the magnitude of measured savings is dependent on both the behavior of the APS device user 
and the measurement methodology used to determine savings potential. For configuring utility rebate 
programs, it is important to have accurate estimates of the energy savings capability of a Tier 2 APS 
unit, either field tested averages or maximum practical potential energy savings. Both potential and 
achieved energy savings are affected by user behavior, including the extent to which particular users 
normally turn off their devices and the extent and patterns of activity for various devices. The number 
and types of devices under Tier 2 APS control can show an effect on energy savings.  It should be 
noted that, on average, Tier 2 APS field test studies have shown consistent savings with different user 
types and at different baseline energy usage levels.  

Measuring the energy savings achieved by a Tier 2 APS device is complicated by the variability of 
user behavior, both across users and within users over time. In this report we outline the advantages 
and disadvantages of two major methods (pre-post and LME) for measuring and verifying energy 
savings for Tier 2 APS systems. In addition we discuss deployment pitfalls and mitigation strategies 
for addressing and minimizing measurement error in field testing. Lastly we discuss takeaways from 
the methods being employed in a recent Tier 2 APS field trial study. 

ADVANCED POWER STRIP TECHNOLOGY OVERVIEW 

Advanced Power Strips (APS) save energy by cutting power to attached devices when they are not 
being actively used. This overall product class is divided into two subclasses, Tier 1 APS and Tier 2 
APS. A Tier 1 APS device removes (i.e., cuts) power to connected devices when a master device is 
turned off or transitions to low-power standby mode. For an entertainment setup, a master device 
would typically be a TV while a DVD player or AV system (a subordinate device that feeds content) 
would be a controlled (also known as a slave or switched) device. The objective is to remove power 
from controlled devices that are either left on unnecessarily or are drawing vampire power.  

Tier 2 APS devices add the capability to automatically power down the master device when it is not 
being actively used. Tier 2 APS devices (examples pictured in Figure 66) use external sensory 
systems to detect user engagement (active use of the controlled AV system) and determine when a 
user is not engaged and accordingly un-power the master and control devices in unison. The action of 
this external sensor unit is paired with a countdown timer which is reset by detected sensor input. 
Typically Tier 2 APS devices can sense when a user is not present and a device that is designated as 
the master or “principle use” device is turned on – in this case, after a designated elapsed time, the 
connected devices are un-powered. In some Tier 2 APS devices, a master-less approach is used as 
opposed to a master/control system. For this approach there is no specific outlet requiring the master 
device to be plugged into it. Instead, the Tier 2 APS auto-detects the master (“principle use”) device 
and uses it to control the other devices. The principle use device is thus conceptually identical to a 
master device. 
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Figure 66: Examples of commercially available Tier 2 Advanced Power Strips. Pictured are two 
example Tier 2 APS products manufactured by Embertec® (left) and TrickleStar® (right). Both 
units are shown with an external sensor containing the user indicator/warning light and IR 
detector, and for the Tricklestar device, an occupancy sensor (motion sensor) in addition to an 
IR sensor. 

For Tier 2 APS devices for entertainment system control use, IR control is paired with a countdown 
timer. Power sensing is used to determine the status of connected devices. Some manufacturers use 
motion sensors to determine the presence of users.  In the 2015 field trials sponsored by California 
investor-owned utilities, Tier 2 APS units from various manufacturers demonstrated approximately 
25% to 50% annual energy savings.[4, 5]   Both LME and pre-post were used to determine savings in 
this this set of evaluation field trials. 

OPERATION OF ADVANCED POWER STRIPS 

Audiovisual (AV) systems are responsible for approximately 40%-60% of residential plug load power 
usage.[6, 7]  Typically an AV system is comprised of a television (TV) and other associated 
peripherals; equipment for bringing content to the TV and experience to the user. Audio amplification 
devices (including sound bars) are often part of an AV system. Tier 2 APS technology has been 
shown to have a direct impact on AV plug load reduction, reducing energy usage substantially by 
reducing vampire loads and unpowering devices which are not currently in use.[3, 8-11]  

A Tier 2 APS system expands on this capability by sensing when the associated devices are not 
being actively used. The Tier 2 APS then proactively un-powers (cuts the power) to all controlled 
devices, even in the absence of the user actively turning off the master device. In shutdown, power is 
cut to other attached AV devices, reducing total vampire load.  Although vampire loads involve a tiny 
amount of power draw per unit, the savings are substantial when millions of devices are 
considered.[12, 13]  A received IR signal from a remote control (or a manual button press on the Tier 
2 APS external sensor unit) causes the Tier 2 APS unit to return power to connected devices to begin 
operation on power up.  

Tier 2 APS units use power, sensing, and automatic thresholding to verify which components are on 
to enable logical shutdown of AV components not in use, thus preventing unused components from 
remaining powered on. For most APS systems installed for AV usage, a simple power cut is employed 
to shut down connected equipment. Typical Tier 2 APS devices shut down devices by disconnecting 
power to the socket the device is plugged into.  The ability to shut down controlled devices via soft 
shutdown capabilities is present in some new emerging Tier 2 APS technologies. Depending on the 
type, Tier 2 APS devices may use the status of the master device (typically a TV) to trigger the control 
of other attached devices or alternatively, use an algorithm which determine the state of connected 
components, independent of an explicitly designated master device plugged into a specific socket 
(master-less control). Additionally, the incorporation of sensors such as InfraRed (IR),  and 
additionally motion (via passive IR sensing) enables the Tier 2 APS to detect user-device 
disengagement, triggering the shutdown of unused  connected devices even without any direct user 
intervention.[14]  Emerging models may contain Radio Frequency (RF) remote control sensing in 
addition to connectivity via Wi-Fi or Bluetooth for measurement reporting.  Tier 2 APS for AV systems 
use a configurable countdown timer which is reset by sensed activity. The typical period is 60 
minutes.  If no activity is observed within the timeframe of the countdown timer setting, the APS will 
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provide a visual and/or auditory alert.  This alert is commonly provided 10 minutes before scheduled 
shutdown.  If no activity is sensed, when the countdown timer expires, a shutdown occurs for all APS 
connected devices to controlled outlets.  

LABORATORY EVALUATION OF ENERGY SAVINGS 

Evaluating Tier 2 APS estimated energy saving capability via laboratory testing and control models 
requires the inclusion of multiple factors for human usage as well as a clearly defined set of 
connected (controlled) devices.  The California Plug Load Research Center (CalPlug) developed a 
layered method to estimate savings for different usage situations with multiple devices attached.  To 
summarize calculation figures, we present Table 30 and Table 31 showing four common AV devices 
and aggregated energy use in four operational states (logical controlled configurations).  A diagram of 
connections used in energy saving testing is shown in Figure 67.   

 

Figure 67: Direct power consumption testing configuration for a Tier 2 APS 
 

  



 

357 
 

Individual device Active Power Consumption 

(W) 

TV (Satellite TV Source/SMPTE Test Pattern) 42.50/ 41.30 

Audio 57.70 

DVD* 4.34 

STB 18.13 

XBOX360‡ 72.10 (Main 

Menu) 

92.60 (Game 

Play) 

Table 30: Evaluations of energy usage for individual devices in the simulated APS test 
environment. 
 

Logical Controlled 
Configuration 

Configuration ON (W) Idle (W) Standby/OFF 
(W) 

Setup 1 TV + Audio 99.10 99.10 0.89 

Setup 2 DVD + Audio + TV  102.24 101.05 1.27 

Setup 3 XBOX360 + Audio + TV  190.85 171.90 1.49 

Setup 4 TV + Audio + XBOX360 + 
DVD 

195.19 175.05 1.87 

Table 31: Setup configurations expanding on the individual devices   

 

 TV (W)* Audio 

(W) 

XBOX360 

(W) 

DVD (W) STB (W) 

User 

Engaged 

41.40/40.20/40.2 57.70 92.95 4.34 18.13 

User Absent 41.40/40.20 

/40.20 

57.70 74.00 3.15 17.90 

Standby/Off 0.640 0.25 0.60 0.38 ‡ 

Table 32: Evaluations of energy usage for individual devices in extended testing. 
Note: “‡” denotes this device does not have this mode or it is not activated during our test.   
*TV has different power consumption based on different inputs, which is STB/DVD/XBOX360 respectively. 

Tier 2 APS energy savings is modeled as the savings of an equivalent Tier 1 APS model combined 
with the savings the Tier 2 APS features add with the overhead energy usage subtracted (Equation 
1).   

Equation 1:     𝑬𝑻𝒊𝒆𝒓𝟐𝑺𝒂𝒗𝒊𝒏𝒈𝒔_𝑻𝒐𝒕𝒂𝒍 = 𝑬𝑻𝒊𝒆𝒓𝟐𝟐 +  𝑬𝑻𝒊𝒆𝒓𝟏 − 𝑬_𝑨𝑷𝑺 
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The energy saved by a Tier 1 equivalent APS model is evaluated based upon the energy saved via 
Tier 1 APS operation – this is primarily the savings of vampire load from connected devices (Equation 
2).  The difficulty in calculating the E_Tier 1 values stems from the fact that actual savings is both 
related to the state the devices are left in when APS shutdown occurs and the period in shutdown.  If 
the devices are left in the OFF state prior to shutdown, only savings due to vampire load will be 
actualized.  A set of assumptions must be used for the states of attached devices.   Alternatively, if the 
devices were left in an ON state, additional savings will be actualized as the active power usage is 
saved.  This is a complicated problem and difficult to model.  It is also highly dependent on the 
devices connected.  CalPlug’s 2014 report discusses this in more detail.[7]     Sample values for 
E_Tier 1 were published in a 2011 NYSERDA report. [15] 

Equation 2:    𝑬𝑻𝒊𝒆𝒓𝟏 =
∆𝒌𝑾𝒉𝒆

𝒀𝒆𝒂𝒓
= ∑ (𝑺𝑫𝑾𝒆,𝒎  ×  

𝑺𝑫𝑯𝒓𝒔𝒆,𝒎

𝑫𝒂𝒚
 ×  

𝒌𝑾𝒆

𝟏𝟎𝟎𝟎𝑾𝒆
 ×  

𝟑𝟔𝟓 𝑫𝒂𝒚𝒔

𝒀𝒆𝒂𝒓
)𝒎  

𝒘𝒉𝒆𝒓𝒆: 
𝒆 =  𝒕𝒚𝒑𝒆 𝒐𝒇 𝒉𝒐𝒎𝒆 𝒆𝒍𝒆𝒄𝒕𝒓𝒐𝒏𝒊𝒄 𝒆𝒒𝒖𝒊𝒑𝒎𝒆𝒏𝒕 
𝒎 =  𝒔𝒉𝒖𝒕𝒅𝒐𝒘𝒏 𝒎𝒐𝒅𝒆 (𝒔𝒕𝒂𝒏𝒅𝒃𝒚 𝒐𝒓 𝒐𝒇𝒇) 
𝑺𝑫𝑾𝒆, 𝒎 =  𝒔𝒉𝒖𝒕𝒅𝒐𝒘𝒏 𝒘𝒂𝒕𝒕𝒔, 𝒕𝒉𝒆 𝒘𝒂𝒕𝒕𝒔 𝒅𝒓𝒂𝒘𝒏 𝒃𝒚 𝒆 𝒊𝒏 𝒔𝒉𝒖𝒕𝒅𝒐𝒘𝒏 𝒎𝒐𝒅𝒆 𝒎 
𝑺𝑫𝑯𝒓𝒔𝒆, 𝒎 =  𝒏𝒖𝒎𝒃𝒆𝒓 𝒐𝒇 𝒉𝒐𝒖𝒓𝒔 𝒆 𝒊𝒔 𝒊𝒏 𝒔𝒉𝒖𝒕𝒅𝒐𝒘𝒏 𝒎𝒐𝒅𝒆 𝒎 𝒘𝒊𝒕𝒉 𝒓𝒆𝒔𝒑𝒆𝒄𝒕 𝒕𝒐 𝒕𝒉𝒆 𝒏𝒖𝒎𝒃𝒆𝒓 𝒐𝒇 𝒉𝒐𝒖𝒓𝒔 
𝒕𝒉𝒆 𝒑𝒓𝒐𝒅𝒖𝒄𝒕 𝒊𝒏 𝒕𝒉𝒆 𝒎𝒂𝒔𝒕𝒆𝒓 𝒄𝒐𝒏𝒕𝒓𝒐𝒍 𝒊𝒔 𝒊𝒏 𝒔𝒉𝒖𝒕𝒅𝒐𝒘𝒏 𝒎𝒐𝒅𝒆     𝑵𝒐𝒕𝒆: 𝑨𝑷𝑺 𝑪𝒐𝒏𝒕𝒓𝒐𝒍 𝒆𝒏𝒆𝒓𝒈𝒚 𝒏𝒐𝒕 𝒇𝒂𝒄𝒕𝒐𝒓𝒆𝒅 

The inherent energy usage of the Tier 2 APS must be considered for accurate savings calculations as 
shown in Equation 3.  

Equation 3:        𝑬_𝑨𝑷𝑺 = ∑ (𝑷_𝑨𝑷𝑺𝒎  ×  
𝑨𝑷𝑺𝑯𝒓𝒔𝒎

𝑫𝒂𝒚
 ×  

𝒌𝑾𝒆

𝟏𝟎𝟎𝟎𝑾𝒆
 ×  

𝟑𝟔𝟓 𝑫𝒂𝒚𝒔

𝒀𝒆𝒂𝒓
)𝒎  

𝑤ℎ𝑒𝑟𝑒: 
𝑒 =  𝑡𝑦𝑝𝑒 𝑜𝑓 ℎ𝑜𝑚𝑒 𝑒𝑙𝑒𝑐𝑡𝑟𝑜𝑛𝑖𝑐 𝑒𝑞𝑢𝑖𝑝𝑚𝑒𝑛𝑡 
𝑚 =  𝐴𝑃𝑆 𝑜𝑝𝑒𝑟𝑎𝑡𝑖𝑜𝑛𝑎𝑙 𝑚𝑜𝑑𝑒 (𝑎𝑐𝑡𝑖𝑣𝑒 𝑜𝑟 𝑠𝑡𝑎𝑛𝑑𝑏𝑦) 
𝑃_𝐴𝑃𝑆𝑚  =  𝐼𝑛ℎ𝑒𝑟𝑒𝑛𝑡 𝑝𝑜𝑤𝑒𝑟 𝑢𝑠𝑎𝑔𝑒 (𝑖𝑛 𝑤𝑎𝑡𝑡𝑠) 𝑓𝑜𝑟 𝐴𝑃𝑆 𝑜𝑝𝑒𝑟𝑎𝑡𝑖𝑜𝑛 𝑚𝑜𝑑𝑒 (𝑎𝑐𝑡𝑖𝑣𝑒 𝑜𝑟 𝑠𝑡𝑎𝑛𝑑𝑏𝑦) 
𝐴𝑃𝑆𝐻𝑟𝑠𝑒, 𝑚 =  𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑑𝑎𝑖𝑙𝑦 ℎ𝑜𝑢𝑟𝑠 𝐴𝑃𝑆 𝑖𝑠 𝑖𝑛 𝑚𝑜𝑑𝑒 𝑚, 𝑤𝑖𝑡ℎ 24 ℎ𝑜𝑢𝑟𝑠 𝑟𝑒𝑞. 𝑓𝑜𝑟 𝑎𝑙𝑙 𝑚𝑜𝑑𝑒𝑠 

The calculation of the additional savings provided by the Tier 2 functionality of the device requires 
knowledge of the APS countdown timer setting, setup configuration, and several factors sourced from 
external places.  For countdown timer values under approximately 1.5 hours, direct calculation can be 
used to estimate APS energy savings.  Above this value, an alternative probabilistic approach should 
be used.  A detailed description of this method is presented at the end of this section.  One external 
value required to estimate Tier 2 APS savings is the time AV systems are turned on each day and the 
length of time used. The 2015 California field trial sheds some light here for part of the solution.  As 
reported previously from this report, approximately 5.5 hours of ON time was observed daily for 64 
subject families, corresponding to 2.2 average daily operational cycles daily[4].  Typical activity must 
be assessed for Tier 2 APS modeling.  Current generation APS devices use IR as a primary proxy 
indicator for user engagement.  CalPlug performed a study in 2013 evaluating the number of times 
test subjects pressed a remote control during typical AV system use in a simulated real world mixed 
media environment.[7, 16]  A summary of this data is presented in Table 33 and Table 34. CalPlug 
assumes that even as alternative non IR remote controllers become increasingly prevalent, the 
functional usage of such a device should be consistent with the data presented.  From this study, 1.94 
hours/day was determined as the average absent time users were away from their device during daily 
usage with 2.95 hours/day active use from 4.88 hours per day total device usage.  This value 
determined in 2013 lines up with the 2015 PG&E/AESC Tier 2 APS (phase 2) report which 
independently determined 5.5 hours per day was the average pre-period device usage with an 
average of 2.2 uses total per day as assessed from field trial results (n=64).[4]



 

359 
 

 

 TV (Hr/Day) XBOX360 
(Hr/Day) 

DVD 
(Hr/Day) 

Audio 
(Hr/Day) 

User Engaged 
Hours 

2.95 1.40 0.78 † 

User Absent 
Hours 

1.94* 7.46 23.20 † 

Standby ‡ ‡ ‡ ‡ 

OFF 20.11 15.10 ‡ ‡ 

Table 33: Average usage hours under different modes[17, 18] 
* The TV engaged & absent hours are obtained based on CalPlug SIM Living Room primary research conducted 
by CalPlug.[7] The engaged and absent hours for the audio system are the same as the TV since they are tested 
as a set.  The ‡ symbol denotes non-present or invalid state that is not considered in evaluation.  The † symbol 
denotes a device state which is not fully modeled but is likely approximated by the corresponding value for the 
TV.   Namely the Audio device is assumed to generally be used in conjunction with the TV in typical use. 

 

Table 34: Summary of CalPlug’s 2013 study presenting temporal statistics for recorded IR 
signals.[7] 

The first state is when the Tier 2 APS device is in power saving (standby) mode.  The second state is 
when the Tier 2 APS is activated and connected devices are turned on.  A third state where the 
breaker on the Tier 2 APS is turned off is not considered as a typical state as the device is effectively 
disconnected from the power input in this condition.  The value of TTV On = 4.88 hours per day is 
considered to be the period where the APS is active.  At all other times it remains in standby.  
Calculated below in Equation 4 is the energy used yearly by a hypothetical APS device.   

Equation 4:  𝑬   𝑨𝑷𝑺(𝒌𝑾𝒉) = (𝑷𝑨𝑷𝑺𝑺𝒕𝒂𝒏𝒅𝒃𝒚
(𝑾) × (𝟐𝟒 𝒉𝒐𝒖𝒓𝒔 − 𝑻𝑻𝑽𝑶𝒏

) (
𝑯𝒓

𝑫𝒂𝒚
) × (𝟑𝟔𝟓. 𝟐𝟓) (

𝒅𝒂𝒚𝒔

𝒚𝒆𝒂𝒓
) +

𝑷𝑨𝑷𝑺𝑨𝒄𝒕𝒊𝒗𝒆
(𝑾) × (𝑻𝑻𝑽𝑶𝒏

) (
𝑯𝒓

𝑫𝒂𝒚
) × (𝟑𝟔𝟓. 𝟐𝟓) (

𝒅𝒂𝒚𝒔

𝒚𝒆𝒂𝒓
)) ×

𝟏𝒌𝑾

𝟏𝟎𝟎𝟎𝑾
= ((𝟏. 𝟓 × (𝟐𝟒 − 𝟒. 𝟖𝟖) × 𝟑𝟔𝟓. 𝟐𝟓) +

(𝟐. 𝟐 × (𝟒. 𝟖𝟖) × 𝟑𝟔𝟓. 𝟐𝟓)) ×
𝟏𝒌𝑾

𝟏𝟎𝟎𝟎𝑾
= 𝟏𝟒. 𝟒 𝒌𝑾𝒉/year 

Combining the logic of both Tier 1 and Tier 2 APS devices, the following equation is generated for a 
scenario where a TV, Audio, DVD Player, and XBOX360 device are used simultaneously:

 Min(hours) Max(hours) Standard 
deviation(hours) 

Mean(hours) 

Largest interval 
between clicks 

0.36 1.80 0.45 0.99 

Last click of 
observational 
period 

0.21 1.91 0.55 0.97 



 

360 
 

Equation 5:  𝑬_𝑻𝒊𝒆𝒓 𝟐_𝑻𝑽_𝑨𝒖𝒅𝒊𝒐_𝑿𝑩𝑶𝑿(𝒌𝑾𝒉) = (𝑷𝑿𝑩𝑶𝑿𝑨𝒃𝒔𝒆𝒏𝒕
+ 𝑷𝑻𝑽𝑨𝒃𝒔𝒆𝒏𝒕𝟐

+ 𝑷𝑫𝑽𝑫𝑨𝒃𝒔𝒆𝒏𝒕
(𝑾)) ×

(𝑻𝑿𝑩𝑶𝑿𝑨𝒃𝒔𝒆𝒏𝒕
−  𝑻𝑺𝒆𝒏𝒔𝒐𝒓𝑻𝒊𝒎𝒆𝒓

) (
𝑯𝒓

𝑫𝒂𝒚
)  × (𝟑𝟔𝟓. 𝟐𝟓)(𝒅𝒂𝒚𝒔/𝒚𝒆𝒂𝒓) ×

𝟏𝒌𝑾

𝟏𝟎𝟎𝟎𝑾
 

𝑃𝑇𝑉𝐴𝑏𝑠𝑒𝑛𝑡1
 𝑖𝑠 𝑡ℎ𝑒 𝑝𝑜𝑤𝑒𝑟 𝑐𝑜𝑛𝑠𝑢𝑚𝑝𝑡𝑖𝑜𝑛 𝑜𝑓 𝑇𝑉 𝑤ℎ𝑖𝑙𝑒 𝑢𝑠𝑒𝑟𝑠 𝑎𝑟𝑒 𝑎𝑏𝑠𝑒𝑛𝑡 𝑤ℎ𝑒𝑛 𝑡ℎ𝑒𝑦 𝑙𝑒𝑎𝑣𝑒 𝑡ℎ𝑒𝑖𝑟 𝑆𝑇𝐵 𝑖𝑑𝑙𝑒 

𝑃𝐷𝑉𝐷𝐴𝑏𝑠𝑒𝑛𝑡
  𝑖𝑠 𝑡ℎ𝑒 𝑝𝑜𝑤𝑒𝑟 𝑐𝑜𝑛𝑠𝑢𝑚𝑝𝑡𝑖𝑜𝑛 𝑜𝑓 𝐷𝑉𝐷 𝑤ℎ𝑖𝑙𝑒 𝑢𝑠𝑒𝑟𝑠 𝑎𝑟𝑒 𝑎𝑏𝑠𝑒𝑛𝑡 𝑤ℎ𝑒𝑛 𝑡ℎ𝑒𝑦 𝑙𝑒𝑎𝑣𝑒 𝑡ℎ𝑒𝑖𝑟 𝐷𝑉𝐷 𝑝𝑙𝑎𝑦𝑒𝑟 𝑖𝑑𝑙𝑒 

𝑃𝑋𝐵𝑂𝑋𝐴𝑏𝑠𝑒𝑛𝑡
 𝑖𝑠 𝑡ℎ𝑒 𝑝𝑜𝑤𝑒𝑟 𝑐𝑜𝑛𝑠𝑢𝑚𝑝𝑡𝑖𝑜𝑛 𝑜𝑓 𝑋𝐵𝑂𝑋 𝑤ℎ𝑖𝑙𝑒 𝑢𝑠𝑒𝑟𝑠 𝑎𝑟𝑒 𝑎𝑏𝑠𝑒𝑛𝑡 𝑤ℎ𝑒𝑛 𝑡ℎ𝑒𝑦 𝑙𝑒𝑎𝑣𝑒 𝑡ℎ𝑒𝑖𝑟 𝑋𝐵𝑂𝑋 𝑔𝑎𝑚𝑒 𝑖𝑑𝑙𝑒 

𝑃𝑇𝑉𝐴𝑏𝑠𝑒𝑛𝑡2
 𝑖𝑠 𝑡ℎ𝑒 𝑝𝑜𝑤𝑒𝑟 𝑐𝑜𝑛𝑠𝑢𝑚𝑝𝑡𝑖𝑜𝑛 𝑜𝑓 𝑇𝑉 𝑤ℎ𝑖𝑙𝑒 𝑢𝑠𝑒𝑠 𝑎𝑟𝑒 𝑎𝑏𝑠𝑒𝑛𝑡 𝑤ℎ𝑒𝑛 𝑡ℎ𝑒𝑦 𝑙𝑒𝑎𝑣𝑒 𝑡ℎ𝑒𝑖𝑟 𝑋𝐵𝑂𝑋 𝑔𝑎𝑚𝑒 𝑖𝑑𝑙𝑒 

𝑇𝑇𝑉𝐴𝑏𝑠𝑒𝑛𝑡
, 𝑃𝑋𝐵𝑂𝑋𝐴𝑏𝑠𝑒𝑛𝑡

, 𝑇𝑆𝑒𝑛𝑠𝑜𝑟𝑇𝑖𝑚𝑒𝑟  𝑎𝑟𝑒 𝑎𝑏𝑠𝑒𝑛𝑡 𝑡𝑖𝑚𝑒 𝑓𝑜𝑟 𝑇𝑉, 𝑎𝑏𝑠𝑒𝑛𝑡 𝑡𝑖𝑚𝑒 𝑓𝑜𝑟 𝑋𝐵𝑂𝑋 𝑎𝑛𝑑 𝑠𝑒𝑛𝑠𝑜𝑟 𝑡𝑖𝑚𝑒𝑟 𝑟𝑒𝑠𝑝𝑒𝑐𝑡𝑖𝑣𝑒𝑙𝑦.   
 
Note: In the previous calculation example, an XBOX 360 game console is used to show savings due to a left on game 
console.  New generation game consoles should not be controlled via power cut.[19, 20]  The XBOX 360 does not contain 
an internal hard drive and would be able to safely be controlled via an APS.  The practicality of control is also limited.  
Users may be very upset if an unsaved game is lost due to an automatic shutdown event.  For this reason, CalPlug does 
not recommend reporting game console control for other than illustrative purposes.  The savings value calculated with 
game console control should not be reported as the maximum savings value without the caveat listed that this reported 
savings value was measured using game console control. 

To evaluate the above equation (Equation 5), additional factors which are noted previously are 
required.  The factor for T_TVAbsent = 1.94.  CalPlug has not separated periods of activity for 
broadcast, STB, and DVD device usage and how it relates to TV viewership.  All mentioned TV uses 
fall under the value described in the quantity T_TVAbsent = 1.94.  Simplified for the TV alone, the 
following expression, shown in Equation 6:, would be used to estimate energy savings for a 
hypothetical APS unit controlling a single TV (no other connected devices) with a 75 minute (1.25 
hour) countdown timer:  

Equation 6:       𝑬𝑻𝒊𝒆𝒓𝟐𝑻𝑽(𝒌𝑾𝒉) = 𝑷𝑻𝑽𝑨𝒃𝒔𝒆𝒏𝒕
(𝑾) × (𝑻𝑻𝑽𝑨𝒃𝒔𝒆𝒏𝒕

− 𝑻𝑺𝒆𝒏𝒔𝒐𝒓𝑻𝒊𝒎𝒆𝒓
) (

𝑯𝒓

𝑫𝒂𝒚
)  

× (𝟑𝟔𝟓. 𝟐𝟓)(𝑫𝒂𝒚𝒔) = 𝟒𝟏. 𝟒 × (𝟏. 𝟗𝟒 − 𝟏. 𝟐𝟓) × 𝟑𝟔𝟓. 𝟐𝟓 ×
𝟏𝒌𝑾

𝟏𝟎𝟎𝟎𝑾
= 𝟏𝟎. 𝟒𝒌𝑾𝒉/𝒚𝒆𝒂𝒓 

 𝑃𝑇𝑉𝐴𝑏𝑠𝑒𝑛𝑡1
 𝑖𝑠 𝑡ℎ𝑒 𝑝𝑜𝑤𝑒𝑟 𝑐𝑜𝑛𝑠𝑢𝑚𝑝𝑡𝑖𝑜𝑛 𝑜𝑓 𝑇𝑉 𝑤ℎ𝑖𝑙𝑒 𝑢𝑠𝑒𝑟𝑠 𝑎𝑟𝑒 𝑎𝑏𝑠𝑒𝑛𝑡 𝑤ℎ𝑒𝑛 𝑢𝑠𝑒𝑟𝑠 𝑙𝑒𝑎𝑣𝑒 𝑡ℎ𝑒 𝑑𝑒𝑣𝑖𝑐𝑒  

                    𝑎𝑛𝑑 𝑐𝑜𝑛𝑛𝑒𝑐𝑡𝑒𝑑 𝑠𝑦𝑠𝑡𝑒𝑚 𝑖𝑑𝑙𝑒 

𝑇𝑇𝑉𝐴𝑏𝑠𝑒𝑛𝑡
, 𝑇𝑀𝑢𝑙𝑡𝑖−𝑆𝑒𝑛𝑠𝑜𝑟𝑇𝑖𝑚𝑒𝑟

 𝑎𝑟𝑒 𝑎𝑏𝑠𝑒𝑛𝑡 𝑡𝑖𝑚𝑒 𝑓𝑜𝑟 𝑇𝑉 𝑎𝑛𝑑 𝐴𝑃𝑆 𝑐𝑜𝑢𝑛𝑡𝑑𝑜𝑤𝑛 𝑡𝑖𝑚𝑒𝑟 𝑟𝑒𝑠𝑝𝑒𝑐𝑡𝑖𝑣𝑒𝑙𝑦. 

Game consoles are often left on with the TV also left on.  CalPlug has used an XBOX360 game 
console for energy usage evaluations.  In this case the absent value for the game console (denoted 
equivalently as XBOX/XBOX360 in calculations) determines the absent hour period as it is assumed 
all other devices are logically left on until the console is turned off.  This would be the situation if the 
user simply “paused” a game and left the area with all devices left on.  In Setup #2 (described in 
Table 31) this configuration is described.  In this case, the energy of the left on console potentially 
saved using an APS can be determined (see Equation 7). 

Equation 7:    𝑻𝒊𝒆𝒓 𝟐_𝑻𝑽_𝑨𝒖𝒅𝒊𝒐_𝑿𝑩𝑶𝑿(𝒌𝑾𝒉) = (𝑷𝑻𝑽𝑨𝒃𝒔𝒆𝒏𝒕
(𝑾) + (𝑷𝑨𝒖𝒅𝒊𝒐𝑨𝒃𝒔𝒆𝒏𝒕

(𝑾) + 𝑷𝑿𝑩𝑶𝑿𝑨𝒃𝒔𝒆𝒏𝒕
(𝑾)) 

× (𝑻𝑿𝑩𝑶𝑿𝑨𝒃𝒔𝒆𝒏𝒕
− 𝑻𝑺𝒆𝒏𝒔𝒐𝒓𝑻𝒊𝒎𝒆𝒓

) (
𝑯𝒓

𝑫𝒂𝒚
) × (𝟑𝟔𝟓. 𝟐𝟓)(𝑫𝒂𝒚𝒔)         

                                     = (𝟒𝟎. 𝟐 + 𝟔𝟒. 𝟐 + 𝟗𝟎. 𝟖𝟓) × (𝟕. 𝟒𝟔 − 𝟏. 𝟐𝟓) × 𝟑𝟔𝟓. 𝟐𝟓 ×
𝟏𝒌𝑾

𝟏𝟎𝟎𝟎𝑾
= 𝟒𝟒𝟐 𝒌𝑾𝒉 

For countdown timer values larger than approximately 1.25 hours, an alternative approach must be 
used to calculate savings.  For a 2.25 hour countdown timer setting on a hypothetical APS controlling 
a setup comprised of a TV, DVD player, and audio system, the following expression, shown in 
Equation 8:, is evaluated for savings estimation:
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Equation 8:      𝑬𝑻𝒊𝒆𝒓𝟐𝑻𝒐𝒕𝒂𝒍(𝒌𝑾𝒉) = (𝑷𝑨𝒖𝒅𝒊𝒐𝑨𝒃𝒔𝒆𝒏𝒕
(𝑾) + 𝑷𝑻𝑽𝑨𝒃𝒔𝒆𝒏𝒕

(𝑾) + 𝑷𝑫𝑽𝑫𝑨𝒃𝒔𝒆𝒏𝒕
(𝑾)) 

× (
𝟏

𝟐𝟎
∑(𝑷𝑻𝑽𝑨𝒃𝒔𝒆𝒏𝒕𝟏

(𝒊) − 𝑻𝑺𝒆𝒏𝒔𝒐𝒓𝑻𝒊𝒎𝒆𝒓
)

𝟐𝟎

𝒊=𝟏

) (
𝑯𝒓

𝑫𝒂𝒚
) × (𝟑𝟔𝟓. 𝟐𝟓)(𝑫𝒂𝒚𝒔)

+ (𝑷𝑨𝒖𝒅𝒊𝒐𝑨𝒃𝒔𝒆𝒏𝒕
(𝑾) + 𝑷𝑻𝑽𝑨𝒃𝒔𝒆𝒏𝒕𝟐

(𝑾) + 𝑷𝑫𝑽𝑫𝑨𝒃𝒔𝒆𝒏𝒕
(𝑾)) × (𝑻𝑻𝑽𝑨𝒃𝒔𝒆𝒏𝒕

−  𝑻𝑺𝒆𝒏𝒔𝒐𝒓𝑻𝒊𝒎𝒆𝒓
) 

(
𝑯𝒓

𝑫𝒂𝒚
)  × (𝟑𝟔𝟓. 𝟐𝟓 𝒅𝒂𝒚𝒔/𝒚𝒆𝒂𝒓) ×

𝟏𝒌𝑾

𝟏𝟎𝟎𝟎𝑾
 

Where 𝑣𝑎𝑙𝑢𝑒𝑠 𝑜𝑓 (𝑃𝑇𝑉𝐴𝑏𝑠𝑒𝑛𝑡1
(𝑖) − 𝑇𝑀𝑢𝑙𝑡𝑖−𝑆𝑒𝑛𝑠𝑜𝑟𝑇𝑖𝑚𝑒𝑟

) < 0, 𝑢𝑠𝑒 0. 

With the hypothetical sensor timer set for a period larger than 2.25 hours; the sensor timer value is 
larger than the average TV absent hours value determined in the prior research study conducted by 
CalPlug.  If we continue to use the current value for average TV absent hours in the equation used for 
timer values up to ~1.25 hours blindly, no savings will be calculated in various potential usage cycles, 
including the TV/STB cycle.  This is due to negative values for savings entering into calculation.  More 
discussion on this follows.  To take this into account, we must use a probabilistic approach.  This long 
form can be used for all calculations if necessary, but is generally not required for short timer lengths 
as the calculation error only increases as the timer length extends.  The values for the gaps between 
IR signals is used to calculate the absent hour value for each subject.  These values are found 
previously in this report and duplicate the data presented in of CalPlug’s 2014 report.[7]   For subjects 
where the large timer duration would produce no savings (as evidenced by a negative value when 
subtracting the maximum gap time from the sensor timer) a value of 0 is used.  After all values for 
each subject are calculated, a weighted average is used to determine the effective energy savings 
when applied to all subject cases.  A total of zero energy savings is averaged in for cases where the 
sensor timer was too long to actualize savings; this bypasses the issue with negative savings values 
influencing estimates.  Needless to say, in field trial studies, timer settings should be consistent to 
allow par comparisons of savings. 

It is known that as countdown timer values increase, the savings potential decreases.  As timer values 
increase, there is an increasing likelihood of manual shutoff being the primary source of control and 
the APS only providing effective control in situations where the TV was left on for extended periods 
(i.e. the home occupants left while the TV was on).  Additionally even without manual control, the 
period of time where savings can occur between the next usage period is decreased.  Depending on 
the frequency of use, this may be significant or insignificant.  The accuracy of the CalPlug studies to 
predict timer values greater than ~1.5 hour in length becomes increasingly limited.  Yet while this is 
the case, larger timer values greater than approximately 1 hour lead to increasingly severe decreased 
savings potential for Tier 2 APS.     

Occupancy Sensor Evaluation 

Occupancy sensors (based on Passive IR/ motion sensing) generally do not increase Tier 2 APS 
savings capability but can improve user satisfaction with the Tier 2 APS by preventing unwanted 
shutdowns.[4]  The comparable data for user movement (as sensed by an occupancy sensor) has not 
been evaluated in the same manner by CalPlug as IR remote control interaction.  Where IR remote 
control signal is an explicit indicator of interaction with the AV system, occupancy sensor data is a 
passive indication of motion in the room which can be inferred as AV system interaction.  
Complicating matters is the geometric dependence on the setup configuration for sensing motion as 
interaction with the AV system.  For example, a setup with a sofa blocking part of the room from the 
Tier 2 APS occupancy sensor, will block some triggers of this sensor compared to a setup without the 
sofa in the same location.  Further studies are needed to improve the model for the effect of this 
sensor.  For APS devices with occupancy sensors, CalPlug developed a “negation” factor calculation 
that estimates the magnitude of impact of the occupancy sensor may have on energy savings for a 
particular setup.  Because the occupancy sensor design and signal processing in addition to device 
location play a major role in the effectiveness of this sensor, a range of worst case errors are 
calculated.  From the AESC/PG&E 2016 report, an average of 2.4 uses per day with an average of 
5.7 hours per use was observed for entertainment systems (likely corresponding to TV usage) in pre-
experimental study investigations.   Yearly this calculates to 876 uses, corresponding to 2,080.5 total 
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usage hours.   A false trigger from an external sensor due to an OS signal would reset the timer.  A 
worst case scenario is presented where for each usage the APS device the timer resets immediately 
before shutdown and repeats the countdown where a shutdown eventually occurs (see Figure 68).  
An assumption is made that no back-to-back false triggers occur.  This sets the maximum calculable 
rate of false triggers at 50%.  The tabular calculated values presented along with the calculated 
savings value. 

 

Figure 68: Diagram representing a false trigger event whereby a false OS signal aborts a 
shutdown, resulting in a reset of the countdown timer. 

The calculation of this value is performed for a single device by determining the value for a single 
device configuration by assuming between 0 and 418 (half) of the total 836 yearly triggers are 
aborted.  This corresponds to a 0-50% false trigger rate. The case representing 0% false triggers is 
determined inherently by previous calculations.  Considering 836 yearly triggers, Equation 9:, 
Equation 10:  , and Equation 11: represent the effect of aborted savings for a value of E from 0 to 1, 
representing proportionally 0% to 50% false trigger rate. 

Equation 9:      𝑬𝑻𝒊𝒆𝒓𝟐_𝑺𝒂𝒗𝒊𝒏𝒈𝒔_𝑷𝒆𝒓_𝑪𝒚𝒄𝒍𝒆(𝒌𝑾𝒉) = (
𝑬𝑻𝒊𝒆𝒓𝟐 + 𝑬𝑻𝒊𝒆𝒓𝟏−𝑬𝑨𝑷𝑺

𝒚𝒆𝒂𝒓𝒍𝒚_𝒖𝒔𝒆𝒔
) 

Equation 10:     𝑬𝑨𝑷𝑺_𝑷𝒆𝒓_𝑪𝒚𝒄𝒍𝒆(𝒌𝑾𝒉) = (
𝑬𝑨𝑷𝑺

𝒚𝒆𝒂𝒓𝒍𝒚_𝒖𝒔𝒆𝒔
) 

Equation 11:     𝑬𝑻𝒊𝒆𝒓𝟐_𝑺𝒂𝒗𝒊𝒏𝒈𝒔_𝑶𝑺[𝑬](𝒌𝑾𝒉) = (
𝒚𝒆𝒂𝒓𝒍𝒚_𝒖𝒔𝒆𝒔

𝟐
) (𝑬𝑻𝒊𝒆𝒓𝟐_𝑺𝒂𝒗𝒊𝒏𝒈𝒔_𝑷𝒆𝒓_𝑪𝒚𝒄𝒍𝒆)𝒂𝒄𝒕𝒊𝒗𝒆 +

(
𝒚𝒆𝒂𝒓𝒍𝒚_𝒖𝒔𝒆𝒔

𝟐
×                                   (𝟏 − 𝑬)) (𝑬𝑻𝒊𝒆𝒓𝟐_𝑺𝒂𝒗𝒊𝒏𝒈𝒔_𝑷𝒆𝒓_𝑪𝒚𝒄𝒍𝒆)𝒂𝒄𝒕𝒊𝒗𝒆 −

(
𝒚𝒆𝒂𝒓𝒍𝒚_𝒖𝒔𝒆𝒔

𝟐
× (𝑬)) (𝑬𝑨𝑷𝑺_𝑷𝒆𝒓_𝑪𝒚𝒄𝒍𝒆)𝒔𝒕𝒂𝒏𝒅𝒃𝒚 

For the relationship presented, yearly_uses = 836 and E ranges from 0 to 1 representing 
proportionally 0% to 50% false OS triggers resulting in a reset of the countdown timer.  The value 
(𝑬𝑻𝒊𝒆𝒓𝟐 + 𝑬𝑻𝒊𝒆𝒓𝟏 − 𝑬𝑨𝑷𝑺)𝒂𝒄𝒕𝒊𝒗𝒆 represents the kWh savings value for a single configuration as 

determined for one year’s time in this situation, and similarly 𝑬𝑨𝑷𝑺 represents the energy overhead for 
the Tier 2 APS device itself.  

It is important to note that the estimation of the practical range of false triggers is currently unknown 
and likely much lower than 50% which is used as an extreme upper bound for the impact of this 
sensor.  This caveat must be noted when presenting this factor in a report.  Future field tests and 
laboratory investigations will be helpful in assessing the true false trigger rate range for occupancy 
sensor based control of Tier 2 APS devices.   

As a final note, determination of engagement for current Tier 2 APS AV devices primarily relies on IR 
sensing – this is common to all AV Tier 2 APS devices.  For proper operation, this sensor should be 
able to receive all major consumer IR (CIR) bands as well as reject spurious modulated light signals 
from white light sources based on both hardware and software filtering.  Stray IR sources should also 
be rejected based on intelligent evaluation of all received IR signals to assess validity.    
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FIELD EVALUATION OF ENERGY SAVINGS 

In this section, we describe and compare two methods accepted by the California PUC [5] for 
measuring energy savings with APS devices in the field: these include variations on the standard pre-
post testing method to apply this method to APS devices, and a newer approach called Simulated or 
Savings Verification System metering (Simulated/SVS), sometimes referred to in literature as only 
“simulated” testing. Due to confusion with similar names for related equipment and methods, CalPlug 
refers to this approach as the LME method. LME is an abbreviation standing for Log Mode Evaluation. 
LME describes the method previously described by CalPlug and others as SVS or Simulated testing 
methodologies. Sources external to CalPlug may have referred to this method as the “CalPlug” 
method due to CalPlug’s early involvement with the method. The LME terminology supersedes past 
terminologies to refer to this M&V method. Each measurement method (both pre-post and LME for 
Tier 2 APS) have benefits and drawbacks that must be considered to draw substantial results from 
M&V studies employing either method.  

Any test of devices in real-life residential settings must follow strict research protocols. During the field 
test process, the individuals using test devices are referred to “research subjects."  All pertinent 
experimental design and study control considerations should be employed for such a human subjects 
study, including appropriate informed consent procedures and protection of subjects' safety, 
confidentiality, and privacy. Research subject compliance must be monitored and, whenever possible, 
maintained throughout the study. Proper record keeping and experimental logs should be maintained 
by researchers. Arrangement for the management and custody of the resulting data should be agreed 
upon by all parties prior to conducting the experiment. In best practice, due to logging approach 
variations to adhere to various state and federal fire codes (such as California State Fire Code 
Section 605.3), data should be audited (and potentially collected or archived in raw form) by 
disinterested third parties to avoid potential concerns over data chain of custody, and when 
applicable, additional third party involvement and oversight is recommended in experimental planning, 
execution, and review.  This can vary in form from full experimental peer review to public comment 
from non-conflicted 3

rd
 parties in an appropriate forum. Consideration of additional viewpoints in a 

study can lend credibility to the reported findings and avoid points of criticism that could potential lead 
to follow-up studies addressing the primary study shortcomings. As researchers know, an unnoticed 
flaw in experimental design can manifest itself in many ways in the collected data and leave the effort 
open to criticism. By bringing in commentary, corrections, and criticism, potential study concerns can 
be addressed early on. Critics have had the chance to review material, thereby adding credibility to 
the effort. Beyond study design, measurement devices should be calibrated and checked against a 
common standard for all normal data collection conditions for both measurement accuracy and 
precision. If alternative hardware is used in a common test, the repeatability precision of the 
measurement should be stated. 

Pre-Post Method Metering 

The pre-post research strategy is common in measurement and verification (M&V) studies and is 
recognized by the U.S. Department of Energy Uniform Methods Project as a reliable M&V 
methodology. It is based on standard pretest-posttest experimental design, where measures during a 
baseline period are compared to measures during an experimental period, and any difference is 
interpreted as the result of the experimental intervention. Baselines must be kept relevant based on 
real world device usage scenarios.  Consistency and regularity should be maintained about the type 
and number of devices connected into controlled both uncontrolled outlets on the Tier 2 APS which 
are counted in experimental power logging measurements.  To improve consistency, uncontrolled 
outlets should not be used for study measurements without substantial reported justification.  

For implementation, first, meters are installed and energy measurement values collected for all 
relevant devices in the metered AV setups in the evaluated homes, without any change to the users' 
normal set-up. Sampling during this "pre-intervention" period provides a baseline measurement. The 
baseline energy usage is measured either without the Tier 2 APS installed or with the Tier 2 APS 
functionally deactivated for all control and alerts, while the experimental period uses the APS as 
normally installed and used. Following the baseline period, Tier 2 APS devices are installed and 
activated for testing. Measures of the energy used by the same devices are collected during this 
experimental or "post-intervention" period.  
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Figure 69: Excerpted figures from the 2016 California Tier 2 APS field trial report showing pre-
post measurement data. a (top): Data points showing savings values less than zero for pre-post metering 

can be generated by increased device usage in the baseline period before the experiment as compared to the 
experimental period. b (bottom-left): Similar periods of use were observed for both pre and post periods. c 

(bottom-right): Plot of data comparing Pre-Post and LME methods of measurement for one device under test in 
the 2015 PG&E field trial. Figure Source: PG&E Tier 2 Tier 2 APS Field Trial Report, 2016[4] 
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The energy usage measurement difference between the baseline and experimental periods is 
interpreted to be the energy saved by using the APS unit. For reporting, the savings during this period 
is often scaled up to one year’s time to produce an annual savings value. The unit can be expressed 
as a normalized direct kWh savings value or a percentage savings value from the comparison of 
experimental energy usage to the pre-intervention period energy use. The California IOU field trial 
report featured the presentation of pre-post savings as a combination between direct measured and 
simulated pre-post.[4]  As shown in Figure 69, the main drawback of the pre-post method as applied 
to this situation is the potential variability between the baseline and experimental periods that is 
unrelated to the use of the Tier 2 APS unit. As shown in Figure 69a, an unphysical negative savings 
energy value can be measured when baseline is subtracted from the experimental data and the 
energy used in the savings period is less than the baseline period. Negative values are a clear 
presentation of the problem, but not the only manifestation. Both lower and higher positive values 
from the actual true savings value can occur, but are not as clearly pointed out as the seemingly non-
physical negative values. In Figure 69b and Figure 69c, verification of consistent AV system usage 
are used to provide support of the sampled pre-post data against major average variability between 
the pre and post periods across the study.  It should be noted that a difference in resultant daily usage 
hours is expected partially due to the effect of the APS itself performing savings.  Changes in usage 
and the effect of the operation of the APS are coupled.  The magnitude of this effect can be partially 
decoupled using the logged pre-post method described later.  

Variances in usage are especially problematic when testing energy savings for AV systems, as the 
usage of a residential home entertainment system displays considerable variability both across users 
and within a group of users over time.[5] Experimental design and monitoring can be used to mitigate 
this effect. AV system usage is based on personal preference and desire rather than core necessity 
and need. Total time of AV system usage commonly varies and is dependent on a number of 
personal and external factors. The complexity of possible behaviors contributes to this problem:  in 
addition to watching satellite or broadcast TV, the TV or audio system may also be used for streaming 
music, watching DVDs or streaming video content, and playing games using a game console. In 
addition, external factors and cyclic patterns can shift TV viewing and AV system usage habits, such 
as sporting events, TV seasons, release of a new video game, weather, political events, and 
school/work calendars.[21, 22]  If either the activity or the viewing time of the entertainment system 
varies, a comparable baseline can be difficult to establish. With potential variability in both the 
baseline and experimental periods, the final magnitude of the error is difficult to assess. If an 
individual is more actively using the entertainment in the pre (baseline period) versus the post period 
(experimental period), the assessed savings can be lower than expected (or in extreme cases, 
negative, as has been metered). Conversely, if an individual is less actively using the device during 
the post (experimental period), the resultant savings can be overestimated. Accuracy of pre-post is 
strongly dependent on the assumption that common usage exists between both the pre and post 
period to the extent at which these assumptions do not hold in field testing affects the accuracy of the 
results. Alternating test periods for subject groups can be used to help control the effects of pre-post 
time periods. 

Log Mode Only Evaluation (LME) Method Metering 

Unlike the pre-post method, the LME approach measures normal or baseline use and also estimates 
savings during a single observation period. The LME method as applied to Tier 2 APS devices uses a 
proxy device, a modified APS unit, or an APS unit operating in an atypical (logging) mode of operation 
to identify periods when the APS would normally shut down controlled devices, without actually 
shutting them down. The device may look like the commercially available Tier 2 APS unit or be a 
device of identical function and operation with extra logging capabilities. In either case, LME requires 
the APS to operate in an atypical way that is likely not used (if present) on a commercially available 
Tier 2 APS device. Energy used during "log mode" periods (the periods of time when a normally 
operating Tier 2 APS would have shut the connected devices off) is interpreted as estimated energy 
that would have been saved by the APS under normal operation. Power usage is measured with 
either an internal or external power logging system. This measurement methodology avoids the need 
to assume that user behavior is comparable across two periods, removing the potential variability 
between usage differences in the pre and post measurement periods from the pre-post approach. 
However, it still relies on a set of assumptions relating to the equivalency of test conditions compared 
to real usage conditions. The details of this will be discussed later in this report. 
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Specifically for Tier 2 APS testing, a modified APS unit monitors user activity of devices as it would in 
normal APS operation. Logging can take place through multiple methods, including internal logging, 
interfacing to a dedicated logger device, or relaying data to an external logger. The APS uses data 
from the devices themselves (via power measurements) as well as any sensors the APS unit may 
employ to determine an absence of user activity for a predetermined period of time. After determining 
that the user has disengaged, instead of un-powering equipment, the APS initiates a process for 
entering a “log mode” period. Before the APS enters log mode, it emits an alert of a APS virtual 
shutdown. This signal source to the user is most often a “conspicuous” warning light, but may instead 
(or in addition to) be a sonic alert, such as beeping in some APS models. On a normally functioning 
APS, the blinking indicator indicates an approaching shutdown event. While the light (LED) might be 
bothersome to the user in and of itself, it serves as a tell-tale warning that action must be taken or the 
AV system will automatically turn off. For the LME based evaluation, the LED serves as a virtual 
indicator to alert the user to make an action (i.e. press a remote control button) to silence the alert. 
Research subjects are instructed in how to respond to the alert, and accordingly use an IR source (or 
other method for compatible Tier 2 APS devices) to indicate that they would not want the devices 
powered down at that time. Compliance must be assumed on the part of the research subject for 
proper method estimation of savings. This process stops the light (or other indicator device) from 
presenting itself to the user. If the subject fails to address the indicator light and the blinking continues 
into the time period during which the APS would normally un-power the connected devices, it enters 
into a “log mode” period. The indication that this is occurring is the presence of an ongoing indicator 
signal (a light or other alert system, if equipped).The energy use between the initiation of this period 
and the eventual termination of this period when a user manually turns off the device is recorded as 
savings. That is, they simulate APS usage even though the APS never in fact powers down the 
devices, that is, the APS logs its "off" status without in fact turning off connected devices. For this 
method to properly estimate energy savings, one must assume the research subject will react the 
same way to the alert light throughout the entire study period – compliance must be maintained. 

Subjects’ motivation to respond to the alert is different from that of the pre-post testing methodology: 
no shutdown of the AV system will occur in this case. The LME method requires the core assumption 
that subjects behaves equivalently in both cases. The understanding is that an actively engaged user 
would be sufficiently motivated by the distracting (and potentially annoying) indicator to cease (cancel) 
the alert by indicating engagement.  
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Figure 70: Excerpted figures from the 2016 California Tier 2 APS field trial report showing 
LME Test Evaluation data. a(top), b(bottom-left), c(bottom-right):  (a & c) Plots of data comparing Pre-Post 

and LME methods of measurement for the two devices under test in the 2015 PG&E field trial. The presented 
data shows potential systemic overestimation of LME method in Tier 2 APS evaluation (Simulated/SVS) as 
compared to equivelent pre-post testing. Low numbers of data points (n=9) limits power of conclusions drawn 
from presented data. (b) For the aforementioned device tested with 9 pre-post tested samples, similar periods 
of daily use with respect to usage hours and number of per day periods of use were observed. A decrease of 
daily use time in the post period natually results as a function of the Tier 2 APS powering off equipment that 
would have been left on otherwise. Figure Source: PG&E Tier 2 Tier 2 APS Field Trial Report, 2016[4] 

A comparative benefit of the LME method is that it does not require comparing two time periods in 
which use of AV equipment may differ, a potential concern in the pre-post method. The comparison is 
between the observed device use at one period of time and the calculated device energy draw over 
that same period in time, if the Tier 2 APS had powered down during log mode periods. However, this 
does not completely eliminate the problem of user variability over time. Any given observation period 
may be an unusually high use or unusually low use period for that subject, thus affecting the 
extrapolation of estimated energy savings over the year. This is a remaining common problem for 
both described metering methods, and is part of the reason why Tier 2 APS device performance is 
commonly assessed based on Energy Reduction Percentage (EIP) rather than raw energy (kWh) 
saved. 

The main drawback of this method is that it requires assuming that research subjects will respond 

identically to the APS entering log mode as they would to an actual APS power down event. This 
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relies on a number of assumptions that commonly enter human response to stimuli research 

investigations. The extent to which subjects' reactions to the APS indicator systems differ from what 

they would be if the APS system were operating normally could introduce measurement error. We 

present several plausible scenarios that could contribute to error in the LME method results: 

 
1. In actual usage, users are motivated to respond to APS alerts in order to keep their AV 

devices on. By contrast, research subjects may become noncompliant over time. Since their 
response to the alert has no direct effect for them, they may delay their response to or ignore 
the alert signal. In addition, people other than the trained household members may ignore the 
alerts because they are not aware of the research protocols, or not invested in following them. 
Any time the alert signal is ignored when the AV system is still in use, the APS transitions into 
log mode, falsely recording active time as inactive time, and thus as potential energy savings.  
The alert must be explained to the research subject(s) and must be quite visible (approaching 
the point of annoyance) when active. 
 

2. In actual use, an alert may light or beep for a fairly short period; if the user does not respond, 
the APS un-powers the devices. If the shutdown event was unwanted, the user can turn back 
on the devices that were unpowered. In LME testing, without proper modification of the Tier 2 
APS hardware for “log mode” in LME testing for Tier 2 APS devices, a short (or mutable) alert 
may be easily missed (or ignored) by research subjects: for instance, if they have stepped out 
of the room during a commercial break, or are listening to music from the next room. As the 
APS does not power down the devices, the subjects cannot tell that the APS device has 
entered log mode. During this period, the Tier 2 APS is erroneously logging energy savings 
even while the connected entertainment devices are in active use. For this reason, the alert 
signal should be continuous during LME testing, to ensure that research subjects notice and 
respond as soon as possible, reducing the risk of overestimation by this potential mode of 
error. However, a continuous beeping sound or flashing light is likely to disturb anyone nearby 
who is sleeping or engaged in other quiet activities such as reading. They are potentially likely 
to either disable or block the signal, or to click the switch to indicate they are using the device, 
even when they are not, just to stop the alert signal, leading to the risk of under calculation of 
energy savings. Thus, proper implementation and testing of alert signals and how well 
subjects tolerate them is vital for individual device savings comparison and head to head 
comparison of devices with differing alert systems and strategies. If the intensity of the alert 
can be controlled, the action of a user reducing it beyond a tolerance threshold may be a 
potential concern. Mitigation strategies should be considered to normalize the potential for 
this in studies. This issue further complicates comparisons between APS units that use 
different alert indicators. A difference in estimated energy savings between two units with 
identical alert indicators could reasonably be attributed to the greater effectiveness of one 
unit's sensing, control approach (i.e. master/control as opposed to masterless), control 
algorithm and shutdown protocol. However, if units use different alert indicators, at least some 
of that difference could be due to unmeasured variation in how research subjects respond to 
the indicator, which may not accurately reflect how end-users would respond to the indicators 
in actual use. 
 

3. To the extent that research subjects deliberately ignore or inadvertently miss responding to 
the APS's alert signal, the LME tests would overestimate energy savings. Misreporting of 
savings would occur after the normal period of alert ends and a shutoff event would occur in 
typical Tier 2 APS usage: that is, at entry into “log mode.”  In this scenario, the APS would be 
allowed to transition to log mode at times when users would not have allowed it to actually 
power down their devices. Conversely, to the extent that research subjects respond to the 
alert even when they are not using the device, merely to turn off the alert signal they are 
observing, the LME tests would underestimate energy savings.  
 

4. The user may want the AV system on to provide background noise or entertainment value 
and may not be directly in the viewing area for extended periods. The user may want the AV 
system on but may be moving between different locations viewing the TV intermittently. In 
either situation, the user is using the AV system, but may miss the APS alert. For certain 
extended periods, the Music Mode feature available in many Tier 2 APS devices can prevent 
shutdown, but is likely impractical for daily use as the user must engage it to use the TV. Also, 
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this inherently disables the APS logic of an extended period (as a function of the operation of 
this mode) and negates energy savings potential. CalPlug’s 2014 report showed that long 
periods between IR inputs can occur even when a user is engaged.[7]  The rise in mobile 
computing and increased dual screen use (simultaneous use of a mobile device and an AV 
system) can lead to extended periods of non-observation of a TV even though it is being 
used.[7, 23]  Attention may be partially or fully directed to the mobile device at times where 
subtle visual or auditory cues are missed. The user may also be in the same room as the AV 
system, engaged but not close enough to catch visual and auditory cues. CalPlug suggests 
the impact may be significant and should carefully be evaluated for impact in future studies.  
In LME testing, the indicator signal may be missed and the Tier 2 APS would enter log mode 
indicating savings. If the test were conducted with pre-post testing method for this scenario, 
the APS would shut off the AV system, forcing the user to turn back on the system. Savings 
recorded by LME may be higher in this scenario leading to the LME method as applied to Tier 
2 APS devices to overestimate true savings.  

 
5. In normal use, a user who sees the alert signal and has finished using the entertainment 

device may ignore it, knowing that the device will shut down by itself momentarily. This 
scenario is measured by pre-post, but possibly not by LME metering methodology for Tier 2 
APS as no expected off event will occur in LME metering methodology testing. This potential 
concern can result in learned behavior in normal Tier 2 APS usage, but would not be evident 
in LME methodology testing as the TV never turns off. The result is potential minor 
underreporting of savings as the user waits to provide input. 

 
6. Some users have grown accustomed to falling asleep in front of the TV. If the APS in normal 

operation shuts off the TV when the user is not fully asleep, the abrupt silence may awaken 
the partially asleep user, who may turn the TV back on. The normal APS would record this 
event as an aborted shutdown with no savings logged. If LME methodology is used, it is 
unlikely the indicator light (or a quiet sonic alert - light versus sonic indicators may show a 
differing effect) would elicit the same level of wake-up response as turning off the TV. For this 
scenario, LME testing methodology would log a period of illegitimate savings. This period 
would extend to when the user finally awoke and realized the TV was left on.  
 

7. During LME testing, it is possible that the alert signal will remind research subjects that their 
entertainment device is still on, motivating them to shut it off. In practice, the APS did its job: it 
sent the alert, and the device went off. In terms of LME testing, that off time does not count as 
log mode time, and thus the energy savings events are not counted, underestimating energy 
savings. 
 

8. As LME relies on user response to an alert signal, the alert signal itself may be a factor in 
subject response. Lights of different brightness, colors, or flashing patterns may not elicit 
identical behavioral responses. For normal operation of APS devices, problems can arise if 
the alert signal is either not noticeable enough or so noticeable it risks annoying users. For 
instance, some lights might not be visible from certain angles, or be too dim, while other lights 
are so bright they bother users in the same room. The threshold of tolerance may be 
subjective to different users and situations. Auditory alerts can reach users who are not 
directly looking at the screen, but may annoy more users, especially if they interrupt users' 
sleep. These problems are likely magnified when the same devices are tested using the LME 
testing approach. In actual use, inappropriate shutdowns due to a missed alert signal would 
be noticed and reversed by a user. In LME testing, research subjects who missed the alert 
signal would not realize the modified APS unit had gone into log mode. Furthermore, subjects 
may find an indicator so annoying that they disable or hide it, severely affecting the validity of 
collected data for the particular experimental trial. Depending on implementation, this situation 
may be easily detectable, but if not observed until the end of the study, the data for the 
subject may have to be discarded.  This is especially problematic because the signals must 
be constant for LME testing. If the entire sensor unit is hidden, for LME method based testing 
where input IR signals are logged with respect to countdown timer and device state, 
correlation of the collected data for sensor inputs and device state can identify this case if it 
were to occur. If just the blinking LED light is covered (and no auditory signal is used), a 
change in recorded usage may or may not be observed in recorded data. Honest subject 
compliance is required to a degree: there is no fool-proof technical solution to clever cheating. 
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9. Continued actuation of the control relay for maintaining the on state of connected devices 
may affect internal power consumption of the APS under test. Factoring this into final 
calculation is necessary to negate the effect of increased (or decreased) internal energy use 
due to device modification. If this consideration was not factored in, LME method testing 
would over-report total savings as to when it was considered. This refers to entire system-
wide savings, not just the savings of devices under control. 
 

As described earlier, LME testing assumes that research subjects' responses to the APS units are not 
only identical between devices, but the same as if the APS were actively shutting down the AV system 
as in normal operation. Thus, this type of test relies more heavily on research subject training and 
compliance than the pre-post approach. Based on tests conducted at CalPlug, the issue of missed 
alert signals (see point #2, above) may be a problematic source of error, leading to over-estimation of 
energy savings.  Conclusive, systematic testing of this mode of error is unknown to the authors.  In 
CalPlug studies, researchers observed that TV viewers missed indicator lights when they were 
engaged in mobile device viewing when watching TV (dual screen usage).  Conversely, the alert 
signals motivating a change in behavior to switch off equipment (see point #7 above) could lead to an 
under-estimation of energy savings.    
 
As shown in Figure 69, the pre-post and the LME method for Tier 2 APS evaluation have similar 
predictive value for savings such that both methods agree on measured savings values for the device 
model tested, the R

2
 correlation value here is 0.619. This is countered potentially by the results shown 

in Figure 70, where suspected overestimation of energy savings for the LME method (demarcated on 
the figures in the AESC reports as “simulated”) compared to pre-post testing is observed for one 
product tested. This is observed by apparent visual systemic divergence from the identity line, but with 
this being stated, the negative R

2
 correlation value of this plot indicates the magnitude of linear 

regression residuals, indicating a poor fit regardless of visual observations of the figure. Correlation of 
identical reported results between both evaluated methods for both figures would be presented 
visually as data points that line up on the presented reference unity line. The discrepancy between 
these two presented figures may come from several possible sources: 

 
A. Demographic and connected device differences with a small sample size – CPUC has 

noted the 9 samples used in LME testing for one model under test (shown in Figure 70) 
were skewed towards lower energy savings. Additionally, the number of mean daily AV 
uses was nearly 50% higher than the alternative product’s test sample (shown in Figure 
69). Inherently this should not affect the metering methodologies if pre and post case uses 
were controlled properly, as it appears they were. The effect of a skewed population can 
lead to small systemic errors that appear large due to the low number of sample points 
contributing to average values. The baseline assumption here is that all instrumentation is 
properly and identically calibrated across the entire study.  

 
B. Difference in the test methodologies or analysis generating the data from Figure 69 and 

Figure 70. If synthetic data was generated to emulate the results of one test method 
through the logic of another method, the approach must be carefully examined for 
contribution due to the propagation of small systemic errors based on incorrect 
assumptions of how the method is applied. This is unlikely for the PG&E/AESC study as 
the data were evaluated multiple times by multiple independent parties where the same 
conclusion has been drawn. Unless all parties are missing the same causative factors, this 
is not likely the cause of the observed discrepancy. 

 
C. Inherent differences in the operation of the two devices that affect the LME method and 

pre-post metering methods differently. Most likely this would be caused by generating 
differing user responses for LME in one product that is not observed in the other, which 
causes the method to overestimate for one device under test but not for the other.  

 
Additional investigations are necessary to evaluate the root of the discrepancy between field test data 
comparing the two Tier 2 APS products and the effectiveness of the two metering methods. With a 
large enough sample pool, the measurement results of both methods in independent studies should 
be equivalent, provided that the methods are inherently equivalent at estimating energy savings. This 
is a generic maxim for equivalent measurement methods. The easiest approach is to perform more 
controlled pre-post tests for the product presented in Figure 70, as the sample size of 9 is too low for 
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substantial conclusions to be drawn. Continued testing is required to confirm that assumption with 
increased confidence. Assuming data is of sufficient statistical size in addition to being collected and 
analyzed properly, continued non-agreement would indicate that there are factors in the LME method 
that must be addressed for future use in Tier 2 APS field tests. All products evaluated with the LME 
method do not perform on par with pre-post testing when used as deployed in the field trial studies as 
presented in Figure 69 and Figure 70. The results of further study are needed to shed light on the 
existing observations comparing measurement methodologies.  

As an additional point of consideration beyond direct energy savings measurement, users 
experiencing Tier 2 APS devices for LME tests only may artificially rate device usage satisfaction 
higher than users of a typical Tier 2 APS device. These users will not experience unwanted shutdown 
events as this capability is disabled. Alternatively, the constantly blinking light presenting itself as a 
type of “false warning” or ancillary bothersome event may annoy the users more than the shutdown 
event. Ether of these events could polarize users on the product, but it is assumed the shutdown 
events with the normally functioning Tier 2 APS device are a larger concern as the effects deny an 
activity rather than add a bothersome side issue to the activity – the user must turn back on a device 
that was incorrectly shutdown via automatic control. While this does not impact energy use 
measurement directly, the length of time the device is installed determines total energy saved over the 
device lifetime. Assessing product satisfaction from LME only tests may lead to overestimations of 
device retention rates due to non-experience of unwanted shutdown events, this is a trivial point but 
important in test planning when user satisfaction will be assessed.  

TESTING CONSIDERATIONS 

As described in the previous section, pre-post metering and the LME method both have benefits and 
drawbacks for testing energy savings of Tier 2 APS units. Either method must be implemented 
precisely and effectively in order to maximize benefits and minimize errors. It is critical that experiment 
administrators carefully consider and address potential scenarios and consider mitigation strategies in 
field test planning. The actual magnitude and direction of errors for both methods have not been 
clearly established. Additional study using a common standardized field trial methodology is 
necessary to provide reproducible results. In this section we outline some general considerations that 
should be brought into experimental mitigation strategy discussions in the planning of Tier 2 APS field 
trials. 

Data Collection Periods 

Variability in research subject behavior over time is problematic for both methods. For LME, the 
concern is that behavior in any given period may not be representative of subjects' normal behavior, 
and thus could over- or under-estimate longer term energy savings. For the pre-post method, an 
additional concern is that behavior may differ between the baseline and experimental periods. For 
both methods, one mitigating approach is to employ longer data collection periods with a larger 
evaluated sample size. Extending the measurement periods for each household can establish more 
accurate measures of average behavior and reduce the effects of outlier events. However, longer 
measurement periods increase the likelihood that subjects will become less vigilant about compliance 
over time, and possibly withdraw from the study (for LME). Active compliance is a much more serious 
issue for LME testing than pre-post, but LME testing also requires only one period per subject, not 
two.  

Data collected during testing should be carefully evaluated to remove by experimental planning (or 
filter out post data collection) biases associated with major events and longer term cycles. For 
example, a test period over parts of November or the end of December may exhibit unusual AV 
activity due to travel, holidays, or the presence of houseguests.[24]   Major sporting events and 
changes in TV schedule (e.g. the end of regular network season programming over summer or 
children at home watching TV during daytime in summer) can likewise result in skews. Based on 
preliminary usage data, a statistical power analysis should be performed as a guide to the number of 
required test sites and the length of measured time periods to generate data of sufficient analytical 
quality. The parameters of this analysis depend on the specific study objectives for a particular field 
trial. 
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Research Subjects 

Another concern is variability across users in both AV equipment use and energy efficient behaviors. 
As with the length of data collection periods, increasing the sample size reduces the impact of 
anomalous data points and produces more accurate average estimates of behavior and energy 
savings. Again, a statistical power analysis based on previously observed variability and the expected 
effect size will help guide the choice of minimal sample size, and should be based on analysis of the 
data from a pilot trial or analysis of the data generated from previous trials with clearly stated 
assumptions about the justification of this data’s validity to assessing the sample size of the current 
study. The user population should be representative of the final population program that is expected 
to be using the device. If a divergence is made from this, this should be clearly noted. 

Per standard testing considerations, no sample size will eliminate variability across research subjects, 
and in fact, a wide range is both expected and desired. Additional data about the research subjects 
themselves can greatly enhance the interpretation of the resulting data. In particular, the number of 
household members and their composition by age and gender may affect AV usage; so can the 
location of the tested AV setup, and the presence of other AV equipment in the household. When at 
all possible, this information should be observed directly (or clearly asked of the subject(s) and 
reported).  This information should be recorded by the researchers. Ideally, research subjects would 
also be asked to report on their AV usage, as well as that of other household members. As self-
reported data can be subject to many types of reporting error, questions to subjects should be tested 
and validated well by behavioral experts before being employed in questionnaires or surveys.  

If multiple Tier 2 APS tests are deployed in a single residence simultaneously, crossover effects 
should be considered, such as the Tier 2 APS itself affecting usage patterns. For single Tier 2 APS 
installations, it is plausible that technophobic users avoid the AV system with the Tier 2 APS unit in 
place in favor of another AV system which is less complicated to turn back on in the case of an 
unwanted shutdown event. Systems with more complicated configurations may not return with a 
single power on button press to exactly the previous state. This is assuming multiple Tier 2 APS 
installations in a single household. Monitoring usage before and after the experimental period can 
help assess these effects. 

Another source of error is mistakes or noncompliance by the research subjects. This is especially 
problematic for LME testing, although even for pre-post method, subjects need basic instruction about 
proper Tier 2 APS usage and proper initial device setup. Research subjects need to be instructed in 
the use of the Tier 2 APS device used in LME testing, both in person during the installation visit, and 
through written materials left with the household. All household members should be informed either 
directly or indirectly about the study, and told to inform any guests they may have. Continued 
compliance in the LME study may be encouraged by regular reminders about the study during the 
measurement period, including an easy way for subjects to contact the researchers with any 
questions or concerns they might have. Remote monitoring offers advantages for observing 
preliminary results. Energy usage (and even the APS sensor/logic inputs) could be viewed and 
assessed for experimental consistency during the study itself. In this approach, researchers could 
identify households that appear to have disabled the devices, or are not responding to the LME alerts. 
This could lead to the recruitment of additional study sites before the conclusion of the experimental 
period. 

Device Implementation 

Researchers should follow the same protocols when installing the APS systems in every household to 
ensure they are as similar as possible. Researchers should choose the location of the sensor based 
on APS setup instructions and ensure that it can be clearly viewed from all likely viewing angles. 
Sensors with IR and motion sensitivity (if available) should be positioned so that motion detection 
related to TV usage is optimized and extraneous motion detection is minimized. The level of 
customization to achieve an optimum setup for one installation must be balanced against a protocol of 
consistency for all setups. 

Researchers should also record details of the AV setup and the location of the APS device in each 
household. For pre-post testing, the AV configuration during the experimental period should match 
that of the baseline period, and energy usage by the APS itself must be accounted for. If subjects 
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change the AV configuration between researcher visits (for instance, by adding or switching out 
devices), researchers may be able to identify such changes by examining shifts in loads.  

Indicators and Alerts 

In the pre-post method, APS devices function as they would in actual use, and should thus use 
whatever indicator signal the actual product employs. The LME method requires a device with 
modified control logic, and an alert that will stay on even if the research subject does not notice and 
disable it in a short period. This can complicate comparisons across APS units with different signals. 
For instance, if a particular indicator system were more able to capture the user’s attention (thus 
reducing the chance of logging illegitimate savings), this unit would seem to perform worse than a unit 
whose indicator system was ignored, leading to more false positives. Thus, comparable indication 
systems are necessary for head-to-head measurement of Tier 2 APS devices using the LME metering 
approach. Ideally, all units would be equipped with the same (or standardized equivalent) indicator 
alert, one that had been tested to function effectively in LME evaluation tests. Applying this approach 
would remove any variability in measures due to indicator differences such as duration, brightness, 
color, tone, volume, or pattern. Manufacturers have invested thought, time, and money into 
proprietary alert systems. While this is beneficial to distinguishing the final product, this can contribute 
to a significant source of test variability that must be discussed. A common or standardized alert 
system attempts to nullify differing factors of alert systems on human actions. This enables the tests 
to focus on savings attributed to the ability of the algorithms and sensors to identify idle periods and 
execute actions to affect savings.  

Preliminary Data Analysis and Data Collection Methods 

Some of the problems listed above can be mitigated by examining data to identify problem cases and 
to remove participants displaying anomalous events. In some cases, the removal of anomalous points 
within a data set can be justified based on specific scenarios. Analysis requires collecting sub-minute 
granular data for energy use and APS functioning (logging at the per-fractional-minute, or preferably, 
per-second level or on an event driven basis), may additionally assist in providing a rich data set 
which can be used to verify internal consistency for AV system usage and usage parameters. This 
logging level allows the capture of APS sensors values such as IR trigger points and motion sensor 
events. Data on APS modes or operation should be included in logged data. This includes (but is not 
limited to) device status, current sensor status, countdown timer setting, motion detection signals 
received (and ignored), unit reset time, unit status/mode, IR sensor received input, and LED indicator 
flashing. The enabling power of this high rate of collection may exist at the R&D or academic level, 
with basic M&V capabilities largely available at 60 to 90 second logging rates. Logging should take 
place either in the APS itself or report data to a logging or telemetry system in continuous connection 
with the APS and a storage medium. Limits in practical implementation of logging hardware and the 
generation of unwieldy data sets may serve as a counterbalance to high-detail logging. An 
appropriate balance must be decided based on not only benefit to the study at hand, but the 
generation of data that can be used to improve the functionality of the tested product in newer 
models. All parties benefit by appropriately detailed logging.  

Even with granular logging in the experimental period, granular pre-period logging can provide the 
data to reveal some of the differences across baseline and experimental periods that may appear in 
the pre-post metering approach. Specific exclusion criterion can be used to remove subjects if 
researchers determine that the usage variation between periods is too high. If permitted, based on the 
study protocol used, data can be removed for days that are known problems, such as holiday 
weekends or major live televised events. With a large enough sample, additional days of unusual 
activity (e.g., a major unscheduled televised event) can be identified post-hoc and also removed from 
the analyses.  

Granular data can also reveal behavior changes for individual households. For instance, a period of 
several days in which no activity occurred could indicate a vacation period that may be verified by 
researchers. Although vacation days happen normally in actual use, a vacation during either the 
baseline or experimental period of a pre-post testing would make the comparison between periods 
less valid. For LME testing specifically, a long period with no AV use would falsely increase the 
expected energy savings calculated for the year, since few users would take, say, two weeks of 
vacation every month all year long. Less extreme behavior patterns within subjects over time may 
also be revealed with granular data. Data generated by households exhibiting high AV system 
variability or a persistent skew can be eliminated or flagged for follow-up discussion. Further, certain 
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changes in maximum energy usage could indicate the possibility that subjects have altered the AV 
setup, adding or replacing a device. 

An advantage of remote monitoring is that it permits the observation of granular data during the study 
period. This can alert researchers to any malfunctioning of the measurement devices, or to indications 
that the research subjects have disabled or stopped responding to the APS equipment. Data is stored 
securely in a common, (preferably neutral) location rather than on-site with the Tier 2 APS device. A 
method for the verification of data integrity should be included in the experimental plan. 

For pre-post testing, where the APS shuts down the devices as in normal operation, granular data can 
be used to identify problems with the APS functionality or potential points for improvement in APS 
control algorithms. Specifically, if an automatic shutdown event is immediately followed by a subject 
turning the device back on, this suggests an inappropriate and unwanted shutdown. The frequency of 
unwanted shutdowns is likely related to customer satisfaction, and would provide a more realistic 
capture of actual unwanted shutdowns than asking subjects to recall and report such events after the 
study period. Such unwanted shutdowns could be analyzed to give insight that could help developers 
improve their APS device. For this potential new use of granular data, protocols would need to be 
developed for common interpretation of such recorded events. 

Tier 2 APS Evaluation Mitigation Using Combinational Metering Strategies  

Another approach to mitigating the problems with each testing approach is to combine them, using 
the strengths of one approach to offset the limitations of the other. Combining approaches requires 
additional time and resources, but could substantially reduce measurement error. In essence, both 
discussed solutions rely on granular data to verify assumed validity of collected data. These 
systematic outlined approaches are offered by the authors as potential to address questions related to 
improving data confidence:  

1. The relative magnitude of errors in practical use of pre-post on a case-by-case basis, as 
opposed to LME, has not been well studied in a field trial setting. The SDG&E Tier 2 APS 
work paper prepared for California Technical Forum (CalTF) noted large variation in 
viewership recorded during two segments of the same baseline period, highlighting the 
inherent stochastic nature of viewership and the potential for related measurement errors.[5]  
The LME method is resistant to this type of behavioral variability that can affect measured 
savings by simultaneously measuring baseline and experimental energy usage. Normal pre-
post measurement for Tier 2 APS testing for 2015 California Investor Owned Utility (IOU) field 
trials does not include granular data logging during the test period. One method to confront 
this issue for pre-post measurement is called "logged pre-post". In this method, continuous 
logging of granular data is conducted in both the pre and post measurement periods. In the 
pre-period, the Tier 2 APS (or an alternate logging system) would record usage information, 
but no indicators or notifications are made to the user and no APS control activity occurs. The 
recording system passively logs AV system usage via power measurement and sensor 
activity. In post study analysis, thresholds can be determined for the accepted variability 
tolerated within the dataset. This logged pre-post method affords additional benefits: for 
example, questions about user satisfaction of APS systems with different timer lengths and 
different sensory and feedback sets are still being actively discussed as of the authoring of 
this document.  
 

2. A similar strategy can be used to assess the potential overestimation error in LME testing due 
to subject noncompliance. In a logging and comparison strategy, the Tier 2 APS device would 
be installed for a baseline period before the experimental period. During this period, the Tier 2 
APS device would provide no subject-observable indicators, e.g. lights or sounds, but would 
log simulated power-down events and sensor inputs. That is, it would act as though subjects 
were consistently ignoring the alerts. During the experimental period the LME testing method 
would be conducted normally. In post experimental analysis, comparison of the final IR trigger 
signals would be compared. It is assumed the final IR signal and following power threshold 
trigger (when the Tier 2 APS realizes the connected equipment is now turned off) is caused 
by the direct act of the subject shutting the TV off. A large gap has been shown in some 
cases where a TV is left on in an unengaged state with only a final engagement just to use 
the remote to turn off the TV.[7]  The logged power/current would indicate when the TV has 
been manually shut off. If the subject does not display a change in behavior between the 



 

375 
 

baseline and experimental testing periods, this indicates that the subject is not interacting with 
the LME signals consistently. 

 

CONCLUSIONS 

Pre-post and LME metering strategies for Tier 2 APS devices each have strengths and weaknesses in 
practical use. Pre-post metering is a long-standing method that uses the actual, unmodified product in 
the experimental test, and thus provides a good measure of use in the field. However, as it relies on 
comparing experimental periods to baseline periods, it can suffer from device usage variability within 
research subjects between two usage periods. This must be accounted for in study design. The LME 
metering approach reduces the problems with behavioral variability over time by comparing observed 
energy use to "log mode" times when the APS would have shut down. However, this method uses a 
modified APS device that does not perform automated shutdowns. Accordingly it relies heavily on the 
assumption that research subjects will respond to the log mode alert signal the same way they would 
respond to an actual shutdown alert. To the extent that these alerts are missed or ignored more often 
than actual shutdown alerts, the LME approach will over-estimate APS energy savings. This is also 
driven by implementation of the alert process during the LME metering period.  Questions about the 
sensing capability and the control logic of a Tier 2 APS device and the effect on LME versus pre-post 
testing are not fully answered.  

The validity and reliability of both methods can be improved by rigid adherence to best practices 
protocol at every step, including design, data collection, monitoring, and data analysis. Plans for a 
particular study should be reviewed in an appropriate audience to discuss potential study design and 
execution concerns that can negate the impact of study results. In the broad scope, and based on 
publicly presented data, it is the author’s view that both pre-post and LME methods have places in 
evaluation of energy savings products in the process from design to deployment. Each method carries 
its own set of benefits and drawbacks. For Tier 2 APS evaluation, the LME method provides unique 
insights on user behavior with Tier 2 APS devices. For research purposes LME provides streamlined, 
actionable data to use in device development and improvement of control. For early investigational 
devices, LME provides a useful way to provide initial validation while learning more about operation. 
Collected information from device usage studies has helped to feed back to manufacturers to create 
better products. The pre-post method is generally much to implement and is based on a long standing 
predicate method. Based on presented evidence, it is the authors’ view that with respect to the 
previously stated theoretical potential for overestimation and when all proper experimental 
considerations are taken into account, comparable savings values for both methods should be 
observed as was demonstrated in comparison of the test results shown in Figure 69b and Figure 70b 
based on presented evidence to date. Validation of LME was not the express conclusion of the 
California Tier 2 APS study. A follow-up study showing explicit equivalency between the methods is 
strongly suggested by CalPlug to properly validate the prior statement. A similar stance was 
expressed by the California PUC to maintain savings values reported by LME in previous studies.[25]   
Combining methods provides additional benefits for data stability. Two flavors were presented:  
logged LME and logged pre-post. Both methods provide benefits over the un-logged equivalent from 
extended confidence in collected data. Logged pre-post has precedence in similar implementations in 
other scientific fields including medical device and drug trials. Logged LME is more exotic and relies 
upon LME combined with a logging approach – this method is likely too cumbersome in practical 
implementation when compared to logged pre-post. As the Tier 2 APS field shifts from effectiveness 
to efficiency, logged pre-post has the potential to provide a standardized field testing method moving 
forward. Details of the protocol standardization still must be developed and method validation 
performed. Data-driven decisions and quality assurance monitoring are the keys to proper device 
practical savings potential testing and to interpreting the resulting test data.  

To date, Tier 2 APS devices have already been evaluated by field trials across the US using both 
LME and (to a lesser extent) pre-post testing methods.  The aim of this report is to outline potential 
opportunities to further enhance Tier 2 APS evaluation in laboratory and field trial settings.  A point 
not addressed in great detail in this report is that the sensitivity and specificity of the onboard sensing 
can have potential impact between different Tier 2 APS models from different manufacturers.  For 
example, an IR sensor that is triggered from illegitimate IR sources (non-remotes) can reduce savings 
potential (low specificity).  Alternatively, an IR sensor that fails to detect some types of remote controls 
can lead to de installs of the product (low sensitivity).  This same concern carries over to the other 
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sensors that drive device operation (RF sensor, RMS power sensor, etc.).  Coordinated and 
standardized test plans should be further evaluated and developed to improve bench testing to model 
real world installations.  Data from real world operation should be shared with the research community 
to help improve laboratory evaluation models.  This can help drive device improvement in and beyond 
the Tier 2 APS product category.  The authors understand the rigor of field testing increases the cost 
of the effort.  A prudent balance must be struck where low impact laboratory testing is used to confirm 
device operation to extend the results of applicable field trials.  For required field trials, careful 
planning and involvement with the academic community should be considered to help mitigate 
potentially costly testing plan and preparation errors that can lead to indefensible results.  Careful 
experimental design is crucial for field trials of this type to produce powerful, defensible, and 
meaningful results. Otherwise, conclusions may be reached which are, in the words of physicist 
Wolfgang Pauli, “not even wrong.”   
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Cooking: consumer`s influence on energy consumption 
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Appliance Technology Section 

Abstract 

In the last decades, great progress has been achieved in energy efficiency of white goods, mainly 
attributable to technical improvements. A couple of studies have shown that energy efficiency of the 
appliances can further be improved by changes in user behaviour. In contrast to refrigerators, 
dishwashers and washing machines, for which the effect of behavioural changes on energy efficiency 
has already been investigated, little is known about appliances for food preparation, especially 
cooking. 
In the present study, experiments were carried out to quantify potential energy savings during food 
preparation in electrical ovens and to analyse possible changes in food quality, especially in browning 
properties of the cheese. Experiments were performed with a pasta bake, a home-made dish 
traditionally prepared in ovens. The influence of temperature (180 °C, 200 °C) and time (baking time, 
time of using residual heat) on energy savings and browning properties of the cheese were analysed. 
If baking time is reduced by about one third and residual heat in ovens is used, energy savings 
averaged about 15 %. Browning of cheese, which is a critical factor from consumer’s perspective, 
even occurred when the power of the oven was switched off ahead of time. Moreover, a more uniform 
browning of the cheese crust could be observed, which is another desirable property. Overall, using 
residual heat in ovens is a simple method to save energy in private homes without compromising the 
quality of food. It should therefore be disseminated by recipes and user manuals of appliances, for 
instance. 
 

Introduction 

About 10 % of residential electricity consumption in European households is consumed for food 
preparation, whereas cooking accounts for the highest share. [1]  
 
According to Hager and Morawicki [2], consumer behaviour offers the greatest potential for energy 
conservation in residential sector, exceeding the potential resulting from modifications in appliances.  
In a field study by Wood and Newborough [3], households in UK were equipped with energy meters 
showing real-time energy consumption. Additionally, they were provided with tips concerning energy 
efficient practices. In this way, energy consumption could be reduced up to 20 %. Investigations by 
Oliviera et al. (2012) [4] observed and compared students preparing the same simple dish with 
identical appliances and utensils. Also the results of this study impressively demonstrated the impact 
of consumer behaviour on energy consumption. Compared to the average participants, students 
cooking most efficiently only consumed one third of energy. In an observational study by DeMerchand 
[5], cooks with different cooking styles (including “patient”, “average”, “uninformed”, “hurried” and 
“highest energy consumption” style cooks) were compared. The results unambiguously indicated 
behavioural influence on energy consumption. The lowest amount of energy was needed by the 
“patient” style cooks (using low or medium heat setting and residual heat), whereas “highest energy 
consumption” style cooks (not switching off heat source after cooking, using high heat setting most of 
the time, not using retained heat) consumed twice the amount. 
 
During the last decade, a few authors carried out investigations on energy efficient practices of food 
preparation [6-8]. Key findings of these studies include the following: 
1. If used on a regular basis, appliances destined for a specific purpose (e.g. electric kettles, egg 
cookers, rice cookers) may help reducing energy consumption. 
2. Even applying simple measures with existing equipment (e.g. covering a pot with a lid, adjusting 
heat setting, using cookware with an adequate volume) contributes to significant energy savings. 
 
In view of food preparation in ovens, investigations mainly focussed on the need of preheating. 
Studies by Siedler (1983) [9] and Odland and Davis (1982) [10] indicated for different dishes that 
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preheating is not essential for a good product quality. In fact, energy savings up to 22 % could be 
realised by skipping the preheating phase. 
 
However, previous studies mainly focussed on cakes, meat and desserts. Dishes with cheese 
toppings like pasta or potato bake or pizza, which are very popular and often prepared in private 
home, have not been investigated so far. For the quality of these products, some temperature induced 
reactions, as browning and melting of the cheese are essential. [11, 12] 
 
According to Thomas (1969) [13] and other authors, browning of cheese is mainly caused by the 
Maillard reaction, which is a chemical reaction involving reducing sugars and amino acids. 
Investigations of Wang and Sun [11] on the browning of cheddar and mozzarella cheese suggest that 
the Maillard reaction is responsible for browning in the medium temperature range (70  °C -130 °C) 
whereas at higher temperatures (> 160 °C), it may come to scorching associated with intense 
darkening. 
 
The objective of the present study was to examine how the usage of residual heat in ovens affects the 
energy consumption and the quality of the food prepared. Since dishes with cheese topping are very 
popular, the example of pasta bake was taken. The influence of temperature (180 °C, 200 °C) and 
time (baking time, time of using residual heat) on energy savings and browning properties of the 
cheese were analysed. 
 

Material and methods 

Experimental set-up 

Experiments were carried out using the example of a home-made pasta bake as test food. This dish 
was chosen based on the results of a non-representative online survey among German adults, which 
was distributed via social media (n=112; unpublished). The survey revealed that bake is the food 
prepared most frequently in ovens in private homes.  
 
The pasta bake was made inside a glass baking dish with the following dimensions: 25 cm x 15 cm x 
5 cm (length x width x height). All tests were performed with a commercially available oven (A

+
 energy 

efficiency class). During the experiments, temperature inside the oven, core temperature of the food, 
ambient temperature and relative humidity as well as power and energy consumption were recorded. 
The voltage was kept constant at 230 V ± 5 %. The settings were as follows (see also Figure 1): 
 
Reference tests at 180 °C (called ‘RT 180’): temperature setting 180 °C, convection mode, preheating 

oven for 10 min., baking at 180 °C for 30 min. 

Residual heat at 180 °C (‘RH 180’): temperature setting 180 °C, convection mode, preheating oven 

for 10 min., baking at 180 °C for 20 min., switching off power and using residual heat for up to 50 min. 

while measuring degree of browning every 10 min. 

Reference tests at 200 °C (‘RT 200’): temperature setting 200 °C, convection mode, preheating oven 

for 13 min., baking at 200 °C for 23 min. 

Residual heat at 200 °C (‘RH 200’): temperature setting 200 °C, convection mode, preheating oven 

for 13 min., baking at 200 °C for 16 min., switching off power and using residual heat for up to 60 

min., while measuring degree of browning every 10 min. 

Times for preheating and baking had been determined in preliminary tests. 
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Figure 71: Experimental configuration 

 

Assessment of food quality 

To assess the degree of browning objectively, pictures of the pasta bake were taken inside a photo 
box under specific light conditions. The pasta bake was placed inside the photo box directly after 
finishing the baking process. Image sections of a predefined size (1600 x 1000 pixels) were chosen 
and converted to grayscale for further analysis using the ImageJ software. With the help of this 
software, distribution amongst grayscale values was calculated and graphically displayed by means of 
a histogram (256 different intensities, 0 means black and 255 means white). 

Sensory evaluations were performed with an untrained panel of nine consumers using a same-

different test as well as a hedonic test. In the first case, each panellist was provided with two samples 

of a freshly made pasta bake and had to decide individually whether or not the samples have been 

prepared by the same method (reference or residual heat) or by different methods (reference and 

residual heat). For the hedonic test, panellists were asked to indicate the sample they prefer. 

Additionally, they had the chance to add comments about their choice. It was ensured that all possible 

combinations of samples (reference- reference, reference – residual heat, residual heat – reference, 

residual heat – residual heat) were tested to an equal extent. Because the browning was not uniform 

all over the surface, a locally fixed sample of the pasta bake was allocated to each panellist. The 

samples were coded with three-digit numbers. For neutralization between the tasting of two samples, 

water was made available. The assessments were done with the help of a specific form. The results 

were analyzed statistically using the χ² and McNemar-test. 

Results 

Energy consumption 

Figure 2 gives an overview of energy consumption of reference tests and tests performed using 
residual heat at 180 °C and 200 °C, respectively. Energy consumption values are divided into energy 
for baking and preheating. Where a temperature setting of 180 °C is concerned, about 16 % of energy 
was saved by using residual heat. In the case of 200 °C, savings were about 15 %. 
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Figure 72: Overview of energy consumption of reference tests (RT) and residual heat tests 

(RH) carried at 180 °C and 200 °C, divided into energy consumption for baking and preheating 

 
Food quality 

Grayscale values of pasta bake prepared at 180 °C dependent on the period of using residual heat is 
depicted in Figure 3. The graph clearly shows that the degree of browning increases almost linearly 
over the period under consideration (50 min.). After a period of 50 min., grayscale values of tests 
performed using residual heat and of reference tests are nearly identical. At a temperature setting of 
200 °C, a period of more than 60 min. is necessary to reach a similar degree of browning (results not 
shown here). 
 

 
Figure 73: Mean grayscale values of pasta bake prepared at 180 °C dependent on period of 

using residual heat in min. The dotted line indicates the mean grayscale value of the reference 

tests 

Histograms illustrating distribution of grayscale values of reference tests and tests performed using 
residual heat are given in Figure 4. The graphs impressively demonstrate that the browning is more 
uniform in case of the residual heat method. 
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Figure 74: Histogram: distribution amongst grayscale values (reference test at 180 °C (left 

side) and residual heat test at 180 °C (right side) 

Regarding the same-different test, significant differences between both methods could not be 
observed. In the case panelists were provided with identical samples, 16 out of 18 samples were 
assessed as different. In the case of different samples, nine out of 18 samples were assessed as 
identical and nine as different. 

The hedonic tests also revealed that there is no clear preference, neither for the reference nor for the 

residual heat method. In total, 44.4 % of the panelists did not indicate a preference, whereas 30.6 % 

preferred the sample they tasted at last. 

 

Discussion 

The study revealed that a considerable share of energy (about 15 %) can be conserved by reducing 
the baking time by 1/3 while using residual heat. At the same time, the degree of browning, which 
belongs to the most important quality parameters from the consumer’s perspective, was comparable 
to that of the reference method. In case of the residual heat method, the browning is even more 
uniform than in the reference case and dark spots are not visible, which are further desirable quality 
aspects. Once the power is switched off, the temperature inside the oven decreases continuously. As 
observed by Wang and Sun [11], temperatures in the medium range facilitate the Maillard reaction, 
whereas an intense heat treatment (temperatures > 160 °C) may cause scorching.  
 
Significant differences in sensory between the reference and the residual heat methods could not be 
noticed by the panellists. However, if baking time is reduced by 1/3, an additional time of up to 50 
minutes is needed to reach nearly the same degree of browning. Probably, most of consumers would 
not accept this extra time. However, pasta bake is already done after 20 minutes of baking and 20 
minutes of treatment with residual heat (corresponding to 10 minutes extra time compared to the 
reference case), but the degree of browning is slightly lower (see Figure 5). According to the results of 
a non-representative online survey conducted in advance of this study (unpublished), the 
overwhelming share of consumers would accept this extra time of ten minutes, if they can save 
energy this way. 
 
The experiments were carried out using a conventional electrical oven for household purposes 
without a pyrolytic function. It can be assumed that pyrolytic ovens, because of a higher thermal 
insulation, are able to maintain the heat inside the oven for a longer period of time after power is 
switched off and to shorten extra time for preparation. For this reason, pyrolytic ovens should be 
included in further investigations. The combined effects of skipping the preheating step and residual 
heat cooking should be subject of future studies, too, as the preheating phase accounted for about 
50 % of the total energy consumption (cf. Figure 2). 
 
Due to the diversity of food and the desirable properties, the results of this study may not be 
generalised for other categories of dishes. The study was a first attempt to quantify potential energy 
savings resulting from a reduction of baking time and a treatment with residual heat and to analyse 
possible influences on food quality. In future, experiments should be extended to other product 
categories to derive general recommendations. 
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Figure 75: Pasta bake RH 180, left side: after 20 minutes of residual heat; right side: after 50 

minutes of residual heat 

 

 

Conclusion 

In conclusion, it can be stated that residual heat cooking in ovens is a simple method to reduce 
energy consumption considerably, even though savings are relatively small in comparison to potential 
savings associated with other behavioural changes (e.g. covering a pot with a lid, adjusting 
temperature settings, using adequate cookware). As far as pasta bakes are concerned, a good food 
quality can be achieved within ten minutes of extra time, whereas the degree of browning is slightly 
lower but more uniform than in the reference case. 
 
Further research is needed to get results for other categories of food and to derive general 
recommendations, which can be disseminated by recipes and user manuals of appliances, for 
instance. 
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Abstract  

The proliferation of increasingly energy efficient appliances is a key strategy to address the impacts of 
rising residential electricity demand. To this end, governments and institutions are interested in 
understanding the drivers of consumer choice between conventional and environmentally friendly 
alternatives when purchasing new household electric appliances. This study employs empirical data 
from a survey conducted by the Danish Energy Agency to model the decision criteria behind Danish 
consumer investment in energy efficient labelled appliances. This analysis uses logistic regression 
over a set of socioeconomic, demographic, and behavioural variables to predict purchase 
propensities. Results demonstrate that housing type, quantity of inhabitants, income, age, and end-
use behaviour are strong predictors for investment in energy efficient appliances. These findings are 
relevant for energy-related actors interested in targeting consumers in the appliance market, 
particularly for a relatively wealthy national context. The study concludes by integrating the predicted 
propensities with an energy-systems model to assess the nation-wide impact in terms of electricity, 
emissions and economic savings. 

Introduction 

The Danish energy household’s consumption, similarly to other European countries [1], accounts for 
more than 20% of the total electricity demand. Of this figure, electric devices such as dishwashers, 
washing machines, cooking hobs, microwaves, fridge and freezers account for 50% [2]. Resulting 
from progressing wealth and technology, the quantity of household appliances has increased 
dramatically over 2001-2015, according to FEHA, the Danish association for suppliers of electrical 
domestic appliances [2]. 

Increased appliance ownership has resulted in increased electricity demand. The European Union 
(EU) addressed this rising demand and its environmental impacts with the EU Directive 92/75/EC in 
1992 which established the energy consumption labelling scheme for most white goods and light 
bulbs [3]. The aim was to increase consumer awareness on energy consumption by demanding 
clearly visible labels classifying electric devices from the most energy efficient (Class A) to the least 
(Class G). Since 1995, EU consumers have been exposed to this letter-grade labelling system [4]. 
Given increasing appliance energy efficiency, the EU has then extended the labelling system by 
introducing classes A+, A++ and A+++ [5].  

The purchasing consumer chooses between conventional (namely, lower energy performing 
appliance) and more environmentally friendly alternatives. The drivers of the purchase decision are 
diverse including economic convenience, attitudes towards the environment, income class, or casual 
choice among others. Many studies have already investigated on the reasons moving a consumer to 
buy a high labelled appliance. The results from a 2014 OECD survey on “Household Environmental 
Behaviour and Attitudes” elucidated some potential factors behind consumer choices on energy 
efficiency investments such as home ownership, income, social context and household energy 
conservation practices [6]. Various analyses, based on surveys in different international contexts, 
resulted in similar conclusions [1], [7], [8], [9]. 

This paper employs the results of a Danish Energy Agency (DEA) [10] 2012 survey, over a 
representative housing sample, and develops a logistic model to predict the propensity of the Danish 
consumer to purchase a new, highest label appliance. This paper contributes a novel approach by 
implementing the behavioural findings in Balmorel [11], an energy system model, to estimate the 
impacts on energy system in terms of configuration, emissions, electricity demand, and 
socioeconomic cost. The analysis concludes by suggesting related policies concerning acceptance of 
energy efficient appliances and strategies to foster energy efficient behaviours in the residential 
sectors among targeted demographics.  
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The aim of the paper is thus threefold: 1) to assess the characteristics which best predict the 
consumer selection of a high-labelled household appliance, 2) to analyse the consequences of such 
propensity on a system-wide scale and 3) to propose targeted policies to increase consumer 
consciousness towards energy efficiency and reduce CO2 emissions.  

Description of Data 

The primary dataset analysed is the Danish Energy Agency (DEA)’s bi-annual survey, "El-model 
Bolig". The goal of the survey is to collect information about consumer’s daily energy related actions. 
Although the survey is performed every two years, the 2012 set was chosen over the most recent 
disseminations because the 2012 survey uniquely contains questions on the efficiency labelling of 
major household appliances. The total sample size in the survey is n=2053. In the consumer 
investment model, 337 observations are deleted due to missing values. After removing the 
observations with missing values, a comparison of the survey sample distributions results in no 
statistically significant differences. This section presents descriptive statistics for the modelling 
sample, n=1716 and compares them against national statistics from Statistic Denmark (DS) [12].  

 The survey comprises about 340 questions in total. The total number of questions for a 
respondent j depends on logical operators and reported ownership (i.e. a respondent without a 
freezer will not be asked questions about its usage). The sampling was conducted under random 
block design as to approximately represent Denmark's geographic and housing category distributions 
(apartments, farm houses etc.). The survey was not stratified with respect to other demographic 
variables. 
The primary variables of interest are of socioeconomic and demographic, chosen with the intention of 
predicting investment in the highest EE labelling: 

 Age: an ordered category variable whereby Age 1 = 29 or younger, Age 2 = 30-39 years, Age 
3 = 40-49 years, Age 4=50-59 years, and Age 5 = 60 years or older. 

 Quantity of inhabitants: recorded as a continuous variable in the original survey dataset, 
counting the total number of adults and children living in the respondents’ household. 

 Housing type: 4 choice levels: Apartment, farmhouse, single/detached/row house (referred to 
as “single” henceforth), and townhouse.  

 House size: an ordered category with 8 levels from 39m
2
 to over 200m

2
 interior floor space. 

 Year built: an ordered category with 6 levels for the year a house/apartment was constructed 
ranging from before 1900 to 2001 or newer.  

 Income: gross household income. 

 Investments in EE appliances (labelling of most recent purchased appliance). 

 Additional questions regarding profession of respondent and spouse and end-use behaviour 
for appliances and heating systems.  

To prove the accuracy of our dataset, a comparison was made with the real-data reported by Statistic 
Denmark (DS), taken from national registries and without sampling errors.  

The age and number of inhabitant distributions, as presented in Figure 1-2, closely mirror those from 
DS. Since the heads of household answered the survey, the distribution is skewed towards middle 
and elder ages. This explains why Age level 4 is 33% of the survey sample. The number of 
inhabitants is also representative. Some differences still hold (e.g. 48% of the sample reporting 2 
inhabitants vs. 33% in the national DS statistics) but overall are acceptable. 
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Figure 1: Age of respondents vs. national statistics  

 

Figure 2: Quantity of inhabitants vs. national statistics  

 

Regarding housing, the 2012 survey sampling is generally representative of Denmark (Table 1). The 
distribution of “year built” in the survey sample closely matches that of official registries. The housing 
categories presented diverge from the official DS statistics (e.g. the survey does not include student 
housing, 1% per DS), but mainly due a slight difference in classification. DS includes detached 
housing in its “farmhouse” category, resulting in the large 45% number. Further complicating the 
matter, DS released the statement: “There is a general problem with housing ownership data for 2012 
and 2013” [12]. Still, it is assumed that the survey’s housing profile approximately represents 
Denmark’s housing profile.  

Table 1: Housing characteristics (survey sample vs. Statistics Denmark) 

Year Built  Sample  DS   Type of dwelling Sample  DS  

Before 1900 8% 9%  Apt/multi-dwelling housing 27% 38% 

1900-1925 11% 12%  Farm house 9% 45%* 

1926-1950 15% 16%  Single/semi-detached 50% 15% 

1951-1975 34% 32%  Townhouse 14% NA 

1976-2000 25% 23%  Cottages NA 1% 

2001 or newer 7% 8%  Student housing NA 1% 

    Residential buildings for communities NA 0.2% 

*DS includes other “detached” housing in the farmhouse category whereas the survey “farm” category 
explicitly pertains to properties with land holding.  
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Figure 3: Equivalised personal income (2012) sample vs. national 

 

Figure 3 displays the distribution of reported incomes grouped into deciles. The survey originally 
reports gross household income, with average 545,000 DKK/year and standard deviation of 227,000 
DKK/year, however this figure presented a converted format: the “disposable equivalised income” 
[13]. The decile distribution matches that of the national average, with minor divergences especially at 
the higher deciles. The calculation for the “equivalised income” is detailed in the appendix.  

Lastly, we are most interested in the choice of investment in EE labelling. The 2012 survey asks each 
respondent to state the energy labelling of a given appliance they report to own. The full set of 
appliances in the survey are: combination washer-dryer, washing machine (standalone), dryer 
(standalone), dishwasher, combination fridge/freezer, fridge with integrated box freezer, fridge 
(standalone), chest-freezer, and a standing freezer. For a few of the appliances (i.e. chest-freezer), 
too few respondents reported ownership, thus not allowing us to make a meaningful analysis per each 
individual appliance. The set is aggregated to a singular latent variable: “for his/her most recent 
purchase, has the consumer invested in the highest rating, A+ and/or A++ for any one of these 
appliances?”. Because of aggregation, 68% of respondents reported EE investment. However, we are 
most interested in which demographic variables best distinguish these two groups and can better 
inform public policies, ad campaigns, and other initiatives to increase the quantity of highest-label 
investment at the residential level. 

Methodology 

Behavioural Energy Efficiency Index  

Beyond questions about appliance ownership, the ELM 2012 survey contains a wealth of questions 
regarding end-use (frequency, time of use, etc…). Several of these questions can capture whether 
the consumer performs daily activities classifiable as energy efficient behaviour. Questions like “how 
full do you fill your dishwasher/washing machine on a normal use” or “Do you turn off the power 
socket during the night” have thus been used. Similarly to [6], this case study incorporates these 
unique responses by computing an “energy efficiency behavioural index,” abbreviated throughout the 
paper as “EE index.”  

The variables included in the index represent a level of energy consciousness and intent to save 
energy (heating and electricity). For example, managing heating between night and day (turn heat 
down), or knowing annual electricity consumption (Know your el.), are all positive EE indicators. Of 
course, not all respondents own oil or natural gas heating, as is illustrated in EE index Table 5 in the 
appendix. Thus, to compare respondents with differing levels of appliance ownership, each question 
receives an equally weighted point: 1 for positive energy saving behaviour, 0 for poor behaviour. The 
individual scores are then standardized by their individually maximum possible score. The score is 
defined as: 
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𝐸𝐸 𝐼𝑛𝑑𝑒𝑥𝑗 =
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∑ 𝑋𝑖

𝑞

𝑖=1

 

where Nj is the count of eligible questions for respondent j, q is the total number of questions, and Xi 
equals 1 for a point awarded for question i. Eligible questions Nj are counted according to the 
appliance ownership profile of respondent j. For example, a respondent without a washing machine 
will not be scored nor counted in Nj for questions pertaining to washing machine use. The index is on 
[0,1] scale. Of course, the more appliances (greater summed Nj) will decrease the marginal weight of 
a point (i.e. the index will be more sensitive to those with very few appliances or “eligible” questions).  

Similar to the EE index, this analysis calculated a “job index” whereby the respondents’ professions 
were ranked per average years of training or education on a scale from 1 to 10 for the 10 job 
categories included in the survey.  

Consumer investment model 

The investigation on the consumer’s behaviour towards investments in household energy efficient 
appliances is evaluated with a discrete choice model. If the investment is considered as a binary 
outcome Y (1 = investment, 0 = no investment), the model assumes that:  
 

𝑙𝑜𝑔𝑖𝑡(𝑃(𝑌 = 1|𝑋1 = 𝑥1, … , 𝑋𝑛 = 𝑥𝑛)) = 𝑙𝑜𝑔
𝑃(𝑌 = 1|𝑋1 = 𝑥1, … , 𝑋𝑛 = 𝑥𝑛)

1 − 𝑃(𝑌 = 1|𝑋1 = 𝑥1, … , 𝑋𝑛 = 𝑥𝑛)
=  𝛽0 + 𝛽1𝑥1 + ⋯ + 𝛽𝑛𝑥𝑛 

 
where 𝑋 represents the vector of explanatory variables (age, job, income, type of house etc.) and  𝛽 
the weight vector fitted through logistic regression via the logit maximum likelihood function.  

Based on the model parameters 𝛽�̂�, the resulting predicted probability of investments (i.e. the 
probability that y=1), given the characteristics of the respondent, is computed as a standard logistic 
function: 
 

�̂� = 𝑃(𝑌 = 1|𝑋1 = 𝑥1, … , 𝑋𝑛 = 𝑥𝑛) =  
exp(𝛽0̂ + 𝛽1̂𝑥1 + ⋯ + 𝛽�̂�𝑥𝑛)

1 + exp(𝛽0̂ +  𝛽1̂𝑥1 + ⋯ + 𝛽�̂�𝑥𝑛)
 

 
The predicted joint-probability thus considers all the explanatory variables included in the model for 
each observation in the sample.  

 

Results 

Investment model: outcomes and validation 

Table 2 reports the results of the multivariate regression consumer investments model, computed with 
R [14]. All the variables considered are statistically significant predictors after controlling for the other 
variables. One can see that all the explanatory variables positively affect the total probability of 
investment. For example, assuming all other variables constant, by increasing income 100,000 DKK, 

the expected odds will be 1.079 times greater (i.e. 𝑒𝑥𝑝(0.076)).  
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Table 2: Estimates of the consumer investment model 

Explanatory variables Estimate Std. 
Error 

p-value Significance level 

Intercept -1.746 0.280 <0.001 *** 

Income 0.076 0.029 0.011 * 

Farmhouse 0.692 0.228 0.002 ** 

Single-family house 0.555 0.141 <0.001 *** 

Town-SD-row 0.290 0.172 0.092 . 

Age group 2 0.746 0.263 0.005 ** 

Age group 3 0.758 0.240 0.002 ** 

Age group 4 0.789 0.237 0.001 *** 

Age group 5 0.919 0.237 <0.001 *** 

Qty-inhabitants 0.215 0.065 0.001 *** 

EE-index 1.021 0.313 0.001 ** 

Significance codes: 0.001 ‘***’, 0.01 ‘**’, 0.05 ‘*’, 0.1 ‘.’ 

The values in Table 2 represent the outcome of the final model only. Other explanatory variables (e.g. 
house size or job of the respondent) were included in a previous larger model. Through backward 
selection process, the non-significant values (i.e. the one that presented the highest p-values) were 
removed one a time. The reduced model was then re-estimated until all the variables were statistically 
significant. Table 3 reports estimates and p-values for the explanatory variables not considered in the 
final model. The model thus shows that, with the data set available, the year in which the building was 
built, the size of the households and the job index of the respondent are not significant characteristics 
of the consumer when explaining investments in EE appliances. 

Table 3: Estimates of the consumer investment model, neglected explanatory variables 

Explanatory variables Estimate Std. 
Error 

p-value Significance level 

Year-built 0.044 0.045 0.313  

House size 0.005 0.032 0.867  

Job index respondent 0.014 0.017 0.410  

Significance codes: 0.001 ‘***’, 0.01 ‘**’, 0.05 ‘*’, 0.1 ‘.’ 

The model adopted for the analysis has been validated to prove the consistency of the findings and 
comment on reliability of such model. Three well-known criteria have been used for the model 
diagnostic: 1) Hoslem test, 2) McFadden R2 test and 3) a marginal effect plot with a Bootstrap error. 
The results of the tests are reported in Table 4, while the marginal effect plot is in the result section. 

Table 4: Model reliability tests’ results 

Hoslem test McFadden R2 test 

0.608 0.21 

 
 
The Hosmer-Lemeshow Goodness of Fit (GOF) test for logistic regression, widely used to prove the fit 
between the model and the data, tests against the null hypothesis H0 (testing whether the observed 
investment rates match the predicted one). The result consists in a p-value: if it’s lower than 0.05, the 
model is rejected, and does not well predict y. The outcome of the test produces a p-value of 0.6084 
meaning there is no evidence to reject the model. The McFadden test, a test like the R-squared but 
based on the rho-squared measure, provides a final value of 0.21, meaning that the full model 
reduces error variance by 21%, vs a null model based on probability distribution. According to the 
test, every rho-squared result between 0.2 and 0.4 represent an excellent fit [15].  
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EE index  

Overall, the EE index scores interestingly represent a normal distribution with a mean of 0.509 and a 
standard deviation of 0.17 (Figure 4). The score distribution does not vary substantially between the 
demographic variables: income, age, quantity of inhabitants etc. However, the values vary greatest 
with housing type. The full list of questions, the rationale for scoring, and the percentage of 
respondents eligible for each question is presented in Table 5 in the appendix.  

 

 

Figure 4: Distribution of the EE index 

Figure 5 summarises the more important variables in the EE index composition. For brevity, the 
variables are listed in their coded format. The scores are presented in a breakdown between housing 
types and question and demonstrate important blocks towards the index calculation. The heat map 
shows a ratio whereby the numerator is the total sum of points for question i for all of respondents in 
housing type k. This sum is divided by the total sum of all scores awarded to all respondents within 
house type k. For apartments, the question X800s (one point awarded if the respondent reports 
having a greater quantity of EE lights than incandescent) has the greatest relative importance 
followed by X580 (one point awarded if respondents have heating set points at 21°C or less). This 
ratio allows for relative comparisons within and between each housing type. 

Figure 5: Summary of energy efficiency practices: heatmaps of most relevant questions in 
score 

 
For the other housing types, the relatively more important questions are different: X334 (one point 
awarded if owners of standalone washing machines normally wash at the highest rpm setting) is 
relatively less important for apartments. X359 grants one point if respondents report filling the 
dishwasher to at least “50% fullness” per average use. Similarly, X401 grants one point if owners of 
washing machines report filling them to at least “50% fullness” per average use.  
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EE appliances investments’ propensity curves  

EE investments’ propensity curves have been computed, to study how the predicted probabilities in 
energy efficiency investments change per variations in the explanatory variables. Figure 6-8 report the 
findings. The curves are evaluated varying one variable at a time, while keeping the others fixed to 
their mean (for continuous variables) and to their highly frequently observed value in the sample (for 
binary variables)

153
. Figure 6 shows the development of the expected probabilities for different levels 

of income. The trends suggest that the higher is the income of the respondent, the higher is the 
probability that the same respondent will invest in more efficient household appliances. The curves 
are reported for the different type of dwellings to simplify the understanding of the analysis. The 
differing levels (intercepts) of the curves illustrates the importance of the house type factor.  
 
 

Figure 6: Predicted probability of investing in EE appliance, income 

Figure 7, reporting the development of the probabilities per number of inhabitants (left) and EE index 
(right), present similar trends. A higher number of people living in the dwelling, as well as a higher EE-
index, results in a greater predicted purchase propensity for energy efficiency appliances. 
 

Figure 7: Predicted probability of investing in EE appliance: inhabitants (left), EE-index (right). 

 
 

                                           
153 

Base line: Age = level 3, inhabitants = 2, mean income, and mean EE index.  
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Figure 8 illustrate the point-wise estimated probability for varying age (left) and housing type (right), 
along with 95% confidence intervals (CI). The results suggest that elder respondents have a higher 
propensity to invest in energy efficient appliances, as only the groups 2 through 5 differ significantly 
from 1. Likewise, the range of the CI varies for the different type of dwellings. The apartments present 
the largest variation, while the single family house the smallest. Also, the predicted probability is 
approximately higher for the farmhouses and single family households.  
 

Figure 8: Predicted probability of investing in EE appliance, age (left) and housing type (right). 

 

The values of the investment probabilities can be perceived as generally high (e.g. intercept for the 
propensity curves is approximately 50%). This is explained by the original distribution of the reported 
survey data and the aggregation of the appliances.  
 
Figure 9 details the bootstrap marginal effects for the different variables. Here, the model accepts 
random data to estimate the “bootstrap” standard error. By providing the model with random sets of 
input data, we can assess the validity of the predictors. The marginal effects can be seen as partial 
derivatives of total joint-probability function. The average of the re-sampled marginal effects is the 
midpoint, while the tails illustrate the 95% CI.  
 
From the bootstrapping, we can see that the Town, semi-detached housing category loses 
significance. Further, income is hardly significant. This casts some doubt that about the strength of 
income to predict EE investment, compared to the more qualitative EE index and house setting. Given 
the results, farm houses are more likely to invest in EE appliances, when compared to other house 
types.  
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Figure 9: Marginal effects with bootstrap errors of the explanatory variables 

 

Preliminary discussion 

Compared to the other variables assumed, income contributes the least to predicting EE appliances’ 
adoption, but in general the positive correlation concurs with previous studies [6], [16]–[18]. Given 
available data and logistic modelling assumptions, there is no convergence to 100% probability of 
investment for the highest income classes. Previous studies have shown that even the highest 
earning consumers are unpredictable in their choices [19]. Furthermore, driving factors extend beyond 
energy efficiency to include cost, quality, brand, and functionality, for example [1].  

The building type, namely farms and single family homes, is the strongest predictor of EE investment. 
More specific variables such as house size or year of construction are not significant. Previous studies 
focusing on more specific investments (heat pumps, EE windows) agree [6], [20], [21]. 
 
Regarding age, respondents younger than 29 years are significantly less likely to invest in EE 
appliances. Other studies suggest that age, as a predictor, is sensitive to specific technologies: older 
consumers are more likely to invest in EE light bulbs [17], [22], renewable energy technologies [23], 
but not heat pumps or solar thermal collectors [20], [21], [23]. 
 
On the quantity of inhabitants, the estimates confirm the positive correlation: the odds of investing in 
EE appliances increase with inhabitants (other variables fixed). On the matter, several other studies 
already achieved a similar conclusion [6], [22], [24]. A larger household inhabitancy results in greater 
energy consumption; reasonably, these households would have a greater incentive to invest in energy 
savings assuming rational economic behaviour [25].  
 
The EE index is a novel result from this study as few studies have analysed this type of data. Despite 
its artificial construction, the EE index gathers all the behaviours of the Danish respondents pertinent 
to energy end-use. The index’s high significance and especially large parameter estimate show how 
daily energy conservation actions such as turning off the power socket by night, adapting the heating 
system to the seasons, and using LED light rather than conventional lights strongly predict ownership 
of EE appliances. The positive relationship could be expected since it alludes indirectly to 
environmental stewardship and energy savings. Still, this analysis and survey cannot infer the specific 
personal reasons driving these behaviours.  
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Consumer behaviour impact on the energy system 

To complete the analysis, the predicted consumer investments are embedded into the energy system 
model Balmorel to assess the system-wide socioeconomic impacts. The standard Balmorel model 
used for power generation dispatch has been extended to handle investments in EE appliances in 
[19]. 
Investing in EE appliances in a given region r reduces the electricity consumption for that region and 
in turn informs the optimal configuration of generation technologies lowering system costs. Yet, a 
price premium for EE appliances vs. conventional consumption classes adds to the total system cost. 
 
Balmorel is executed for the 2012 Danish energy system, corresponding to the survey year. We focus 
on a set of ten appliance categories constituting the majority of the electricity consumption in the 
Danish household sector (refrigerator, freezer, combined refrigerator-freezer, washing machine, 
dishwasher, dryer, lighting system, cooker, vacuum cleaner and TV LCD). For each appliance 
category, data regarding investment cost, electricity consumption, lifetime and existing stocks of 
appliances are collected from previous studies [19] for both a baseline consumption class, and a high 
EE class. This data, together with the EE investment propensities, are employed as additional input 
parameters to Balmorel. A substitution rate is also introduced to scale the EE investments to the 
average annual appliance replacement. 
 
Among the numerous outputs from the model, we limit the analysis to a few key indicators: investment 
levels, electricity consumption reduction, and CO2 savings. The total investments in efficient 
appliances amount to 184 mln. EUR (this figure only refers to the investment cost differential for EE 
products over conventional). The premium investment cost translates to annual net economic savings 
of 25-35 EUR on the electricity bill of average Danish consumer. From the model, the total reduction 
in annual Danish residential electricity demand is 125 GWh.  
Figure 10 (left) shows the electricity savings resulting from the EE investments in four representative 
days (one for every season) used in the simulations. The reduction profile is linked to the electricity 
consumption profiles of the examined home appliances and, as expected, is larger for load peak 
hours (morning 7:00-10:00 and evening 17:00-20:00) as well for winter weeks. Finally, Figure 10 
(right) illustrates the CO2 reduction by country. Only a small part of the CO2 savings occurs in 
Denmark itself. Indeed, given interconnections between countries, changes in power generation 
dispatch take place also in different countries, and so do the corresponding emissions. 
 

Figure 10: Electricity (left) and CO2 (right) savings achieved at system level 
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Conclusions 

The reported study focused on the drivers for investments in energy efficient appliances and the 
estimated systems-wide consequences of this uptake.  
 
The first part of the study aimed at understanding which characteristics lead consumers to invest in 
energy-efficient appliances. Using a logistic regression model, socioeconomic and housing 
characteristics were found to be highly significant when explaining investment in efficient appliances 
(p-value <0.05), with housing type the stronger of these predictors. In agreement with other studies, 
income was a positive predictor for EE investment although with much less influence on the total 
probability than other variables. Precise focus has been given to the EE index, since it contains all 
pertinent behavioural characteristics towards energy savings. The analysis of the EE-index proved 
that consumers who performed energy conservation actions regularly were more likely to invest in EE 
appliances. 
The further implementation of the investment probabilities in Balmorel, provided an idea of the impact 
of consumer’s choices in the energy system. The results lead to the conclusion that consumers’ 
attitude towards energy savings does have an impact on the whole energy system. Energy and 
environmental savings corresponded to approximately 125 GWh/year and 75 Kton CO2. 

The results of this study stress the value of publicly available data on EE investments. Denmark has 
an open-access data policy on most socio-economic statistics, facilitating investigation on consumer 
behaviour. To allow similar studies in other regions, local governments should establish, or enhance 
the frequency, of surveys and data collection and, allow open access to the data. Emphasis should be 
given to respondent anonymity and to how this type of research can improve living conditions for 
respondents. With updated and consistent data, the methodology presented in this paper can be 
extended to other countries interested in assessing the efficacy of labelling and public awareness 
campaigns. 
As the EU prepares to develop an updated version of the labelling system (i.e., phase out the label A+ 
to A+++ and a rescaling from A to G), EU member countries, and non-EU with independent labelling 
systems, could simultaneously launch a standardised data collection, allowing researchers to 
compare EE appliance uptake and discuss on the impact of national/regional EE policies.  

Finally, the outcomes spark suggestions about relevant policy measures. Though energy efficiency 
continues to rise among most appliances, there are still large groups of the population that for many 
reasons do not invest in EE appliances. Given the importance of housing type, found by the study, 
governmental labelling directives should thus be assisted by product designs and promotions 
targeting small apartments, or subsidized rebates and discounts for lower income consumers who are 
found to be least likely to undertake higher upfront payments. The focus should also be on short-term 
renters (e.g., students), who are usually the least likely to undertake high upfront investment as they 
would not enjoy the long-run benefits from energy savings. Subsidies should thus be directed to such 
cases, increasing the awareness of energy efficient appliance options and their usage.  

Denmark, along with many other countries, enjoys relatively high income and environmental 
standards. Still, much of the population may be unaware of or ambivalent towards labelling 
differences. Thus, public information campaigns directed at outlets targeting consumers at the 
moment of purchase could also greatly improve rates of adoption [28]–[30]. 
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Appendix:  

EE index variables 

This section details the rationale and summary of all the variables included in the energy efficiency 
index. The table reports the total number of respondents that are eligible for scoring, meaning that 
they own the appliance the question refers to, and thus can be scored accordingly.  
 
Table 5: EE index related variables 

Variable Question and rationale for point allocation: 
Count 
eligible 

(n=1716) 

%Sample 
Eligible 
(n=1716) 

X212 Washing machine temp 29°C or less on average (combi washer-dryer) 52 3% 

X2559 Washes clothes at 70°C less 1 time/wk 1442 84% 

X257 Remove PC from power socket 1057 62% 

X259 PC set to automatically shut down 1057 62% 

X317 Dryer used at highest RPM on average 52 3% 

X318 Air dries clothes in summer more than using electric dryer (combi washer-dryer) 52 3% 

X322 Dryer filled over 50% on average 52 3% 

X334 Washing machine used at highest RPM 1442 84% 

X342 Air dries clothes in summer more than using electric dryer (standalone dryer) 940 55% 

X350 Washing machine temp 29°C or less on average (standalone washer) 1299 76% 

X359 Dishwasher filled over 50% on average 1298 76% 

X401 Washing machine filled over 50% on average (standalone washer) 1442 84% 

X487 Removes TV from power socket after use 1689 98% 

X489 TV set to automatically shut down 1689 98% 

X523 Removes laptop from power socket after use 1448 84% 

X532 Removes printer from power socket after use 1539 90% 

X535 Removes scanner from power socket after use 173 10% 

X551 Removes router from power socket after use 1716 100% 

X552 Removes other PC/misc electric equipment from powersocket 1716 100% 

X580 Temperature setpoint at 21 degrees or less 1687 98% 

X581 Temperature setpoint regulated night/day 1649 96% 

X583 Turns off electric floor heating in summer 175 10% 

X584 Turns off radiant floor heating in summer 345 20% 

X585 Turns oil-floor to summer-mode 135 8% 

X586 Turns oil/wood heating to summer-mode 11 1% 

X587 Turns natural gas heating to summer-mode 192 11% 

X628 Uses air-to-air heat pump for cooling 72 4% 

X664 Changes circulation pump's step in summer  760 44% 

X665 Regulates (up/down) circulation pump 522 30% 

X666 Has a normal step circulation pump 256 15% 

X800s Has more EE lighting than incandescent 1716 100% 
 

Equivalised disposable income calculation 

The reported Danmarks Statistik income deciles are presented above in units of 100,000 DKK per 
year and represent “Equivalised disposable income.” The income level at each decile is reported as 
“equivalised” as to allow comparisons between a single person living alone and the income of a large 
family [13]. Danmarks Statistik weights adults and children within a family, so that for example, a total 
disposable income of 400,000 DKK/year for a family of 2 adults and 2 children would be “equivalised” 
using weights 1, 0.5 and 0.3 respectively to calculate: 400,000/(1 + 0.5 + 0.3 + 0.3) = 190,476 DKK 
per year after taxes. For comparability in the systems–wide model, the survey values (total household 
income before taxes), are equivalised following Danmarks Statistik’s methodology.  
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Abstract  

This paper reports on resident experiences with a simple load management feature in dwellings within 
an eco-friendly and comprehensively monitored Australian housing development. The 80 houses in 
Lochiel Park (South Australia) are designed to reduce energy use, and incorporate high performance 
building envelope, energy efficient appliances, gas-boosted solar hot water systems, and a grid-
connected photovoltaic system. Each house is also fitted with a monitoring system that provides 
residents with real-time feedback regarding household electricity, gas and water usage.  

The monitoring system includes a customizable load management system, which can deactivate high-
powered electrical appliances or circuits when household electricity demand exceeds a specified set 
point. The use of this load management feature is voluntary and is seldom used. The reasons include 
the inappropriate choice of interruptible appliances, lack of incentives, practical limitations (caused by 
installation issues) and lack of perceived benefits for those living within a low-energy housing estate. 

Load management systems may become important if South Australia moves towards peak electricity 
tariffs, hence it is important to address the real and perceived deficiencies of these. The paper also 
examines the potential to reduce household peak demand and any cost savings achieved using load 
management systems at various demand thresholds, using monitored power and energy usage data. 

Introduction 

Modern electricity networks, often with intermittent generation sources, have the ongoing challenge of 
matching highly variable supply and demand within the distribution system’s capacity. In particular, 
the challenge of managing short periods of peak demand is a significant problem [1, 2], with human 
thermal comfort at its root.  The use of air conditioning (AC) is growing fast and is already a major 
contributor to summer peak demand in Mediterranean countries [3]. In similar climates such as in 
Adelaide, South Australia, where over 90% of households have an air-conditioner for summer cooling, 
the peak load can be 70% higher on hot days compared to typical network load on days of moderate 
conditions. In cooler climates such as the United Kingdom and New Zealand, residential peak 
demand occurs in the mornings and evenings during the winter months, coinciding with breakfast and 
dinner times, and is mostly related to space heating, water heating, cooking, and lighting [4]. 

For locations with a summer peak demand, an increase in solar photovoltaic generation may reduce 
the amplitude of the peak, but may increase the peakiness of electricity demand for the grid [5].  For 
example, during daylight hours conventional generation is replaced by supply from solar generation 
resources, but as the sun sets starting around 4:00pm other generation must be dispatched to meet 
the daily peak. Reducing peak electricity demand reduces overall distribution costs and therefore 
electricity prices through the deferral of capital expenditure [6]. 

Managing demand through the implementation of peak demand reduction strategies is critically 
important to reduce the overall cost of providing electricity. Electricity demand management uses a 
range of strategies to modify the level and timing of demand, including energy efficiency measures 
and energy saving technologies / practices such as: insulation; passive design; and automated control 
systems. Load management initiatives may also shift the timing of loads, or call on energy storage to 
reduce local demand, without reducing the provision of energy services. These measures can reduce 
the difference between peak and off-peak demand, and hence reduce the need for network 
augmentation with peak generation or energy storage equipment.  

This paper documents the trialing of a load management system installed in 80 homes within Lochiel 
Park Green Village, in South Australia. It explores resident responses to voluntarily reducing their 
impact to network peak load, and the potential financial benefit at various demand set points.  
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Literature Review 

Peak load drivers 

Electricity networks are a complex interaction between generation, transmission and distribution 
systems and the demand for energy.  The load on a particular electrical grid varies daily and 
seasonally, peaking during periods of extreme climatic conditions, whilst simultaneously growing as 
new energy services are added to the system.  In Australia, both the average demand and peak 
demand are expected to grow rapidly at about 20 per cent and 30 per cent respectively for the period 
2010 to 2020 [7], although the impact of the recent increase in the uptake of building rooftop 
photovoltaics may moderate this growth [8, 9]. 

The difference between managing a peak daily demand on a mild day and the peak demand during 
extreme climatic conditions, such as a summer heatwave, represents a substantial investment in 
energy supply infrastructure which is used infrequently.  In South Australia, data from the electrical 
network utility shows that one third of the required capacity is needed for just 3% of the year [10]. For 
example: in 2004, the load for an extreme 38°C day in South Australian was over 1,000MW higher 
than an average 24°C summer’s day, representing a 70 per cent increase in power demand [2].  
Similarly in New South Wales, it was found that at least 10% of New South Wales' generating 
capacity is needed for just 1% of the time, and it was suggested that with predicted residential air-
conditioning penetration, this will rise to 20% of generating capacity [1]. 

Recent evidence from South Australia is demonstrating that residential rooftop photovoltaic 
generation can lessen heatwave related peak electricity demand on the local energy grid, reducing 
some of the need for additional electrical infrastructure [9], although the Californian experience 
suggests that an increase in solar photovoltaic generation may increase the overall peakiness of 
electricity demand for the grid [5].  

The market value of electricity increases appreciably when demand approaches the maximum supply 
capacity [11]. The analysis noted that peak demand periods accounting for only 3.2% of the annual 
market were responsible for 36% of total market costs. In Australia, summer peak loads are 
increasing electricity costs to consumers and leading to inappropriate over-investments in energy 
infrastructure [12], and infrastructure unreliability [13]. 

A key factor driving the summer peak energy demand is the use of domestic air conditioning [13, 14].  
It was noted that although air-conditioning is responsible for only around 6% of residential energy use, 
it is responsible for about 40% of residential peak demand [14]. Energy Efficient Strategies (2004) 
calculated a temperature sensitive load in Melbourne of over 2,000MW during the summer of 2002/03 
(from a base of 6,000MW), which was almost entirely due to the use of residential air-conditioning. 
This means that considerable savings can be achieved in avoided capital and maintenance 
expenditure on the electrical network by reducing demand during extreme climatic conditions such as 
summer heatwaves [7, 15]. 

Household energy end-use reductions, across both the average load and during peak demand times, 
plus domestic-scale on-site generation of electricity, can combine to reduce the need for new large-
scale generation infrastructure and enhancements to electricity supply networks [7, 13, 14, 16-18]. 

Load management solutions 

There are a number of strategies typically used to reduce the level and shift the timing of demand, to 
reduce the overall size of network peak demand.  In particular, direct load control strategies allow 
network providers to eliminate some of the load for a specific period. Critical peak pricing and other 
voluntary load control measures can provide an incentive for electricity users to shift or curtail demand 
during periods of peak network demand. Also, energy storage may play a role in substituting for 
network supply during periods of peak demand. 

Direct Load Control 

Direct load control strategies allow network providers to eliminate a part of the load for a specific 
period.  Trials in South Australia [6] and Western Australia [19] have given aspects of control of 
residential air-conditioners to the network providers to periodically change function from reverse-cycle 
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cooling (compressor operating) to fan only provision, often only for 15 minute periods per each hour of 
use.  The result of this process is the elimination of almost one quarter of air-conditioning energy 
demand for the household sample. Although there were differences in how the trials were conducted 
and the technology employed, both trials noted that the majority of customers did not experience any 
adverse impact on their comfort levels. 

Critical Peak Pricing 

Critical peak pricing is based on the concept that households exhibit a price elasticity of demand for 
various energy services that are used during peak network demand periods. Often critical peak pricing 
is conducted in conjunction with an in-home display to provide consumers with all the information they 
need to make a choice about energy use and potential savings.  In some trials the households agreed 
to automated particular price sensitive energy service use strategies which are then automated. 

In locations with a summer peak load, the electricity tariff may be temporarily increased during certain 
hours (time of use tariffs) within designated hot days to dissuade householders from switching on their 
air-conditioning, and therefore help keep aggregate load within manageable limits [1]. A case study in 
Australia involving 756 residential customers noted that while many other electricity-using practices 
were shifted to lower cost times of the day in response to critical peak pricing events (e.g. laundry, 
cooking, vacuuming, clothes drying and ironing), thermal comfort (cooling) practices were less often 
shifted [20]. 

In New Zealand a trial was conducted to encourage residential customers to voluntarily move some 
thermal loads to off-peak periods. Participants were found to forego heat for some time, however they 
were less willing to forego a cup of tea / coffee.  Overall, the trial found that there was a willingness for 
delaying the use of some energy services such as washing machines, clothes dryers and dish 
washers during periods of peak network demand [4]. 

The Californian experience of critical peak pricing shows that some discretionary loads can be moved 
to lower cost periods, although beyond the initial set of actions further curtailment becomes 
increasingly price inelastic [21]. The wider American experience has included trials that take the 
consumer out of the day-to-day response equation by automating the response to price signals [22].  
Given householder’s inherent desire for thermal comfort, it is not surprising that it was found that 
technology to automate response to price signals increased peak load related savings compared to 
direct consumer response to price signals [22]. With a vision to the future of household energy use, 
[23] suggest that personal electric vehicles may become the largest discretionary load that may be 
shifted by time of use pricing. 

Additional supply from energy storage 

Energy storage may play a role in the reduction of peak demand through two main mechanisms: (a) 
the use of thermal storage to shift electrical demand to off-peak times; and (b) the use of electrical 
storage to meet localized demand for energy services.  These strategies can be operated through 
either direct storage control, whereby the network provider chooses to remotely operate the energy 
storage system, or via a market mechanism whereby the end-user chooses to utilize local energy 
storage, e.g. when the cost of operating the storage is lower than the network price. 

Recent studies have found that due to the high cost of battery storage relative to other strategies, this 
is not a cost effective option, although with increased production of electrical storage there will likely 
be a time whereby batteries can play a role in reducing peak network demand [24]. In addition to 
building related battery packs, remote management of distributed energy storage from plug-in electric 
vehicles may play an important role in the future management of peak network loads [23]. 

Case study 

The Lochiel Park Green Village is purpose built low energy residential development, designed to 
significantly reduce energy use and associated greenhouse gas emissions [25]. All Lochiel Park 
homes include solar photovoltaic systems, solar hot water systems, relatively high levels of passive 
thermal comfort design, water and energy efficient appliances and equipment, and other technologies 
designed to reduce both annual and peak energy demand.  
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In 2006, the state government owned land developer (Land Management Corporation) approached 
the electricity network provider (ETSA Utilities) with a view to applying load limitation at Lochiel Park.  
The proposed system allowed an agreed preset maximum demand of up to 6 kVA per allotment and 
to actively monitor this demand; this was based on evaporative air conditioners limited to 2kVA. If the 
preset level was breached, then the system would automatically turn off householder selected, non-
essential electrical appliances/circuits in order to avoid the peak demand level being exceeded. A 
tariff was developed to incentivize customers to voluntarily limit their demand to 6kVA or less [6]. 
However the air conditioning specifications changed and were based on the house size [6] and were 
limited to 4kVA, as mentioned in the development’s urban design guidelines [6]. The distributor 
estimated the after diversity maximum demand of this development as per normal precincts which is 
described in their Technical Standard TS-100 [26], i.e. 4, 6, 8 and 10kVA for houses with average 
dwelling sizes of 110m

2
, 100-185m

2
, 185-280m

2
, and above 280m

2
 respectively.  

Each house in Lochiel Park is fitted with an ‘EcoVision’ brand monitoring system, which includes an 
in-home feedback display, a programmable logic controller (PLC), and a variety of intelligent meters 
and sensors [27, 28]. One feature of this is the customizable load management system (LMS) that 
can interrupt power to certain power circuits by controlling up to 6 contactors if a power set point of 3, 
4 or 5kW was exceed for a 30-minute period. The contactors are typically wired to high-powered 
appliances including reverse-cycle air conditioners; pool or spa pumps; ovens and dishwashers; and 
laundry and kitchen power circuits, as specified in the electrical installation guidelines [29].  

The LMS is designed to continue interrupting power to circuits until the electrical demand falls below 
the set point. Due to safety reasons, circuits are not automatically re-energized once interrupted; this 
must be manually undertaken by the resident by interacting with the LMS. An example of two in-home 
display load management system pages is shown in Figure 1 (a) and (b), where (b) highlights which 
power circuits / appliances have their supply of power interrupted.  

 

  

Figure 1: Load management system screens of two in-home displays for set points of (a) 5kW 
and (b) 3kW. Subfigure (b) highlights the power circuits that have had power interrupted. 

 

Installation Issues and Limitations 

Although the electrical installation guidelines [29] specified that circuits powering refrigerators, lights 
or telecommunication devices should not be interruptible, many electrical subcontractors did not obey 
this, particularly regarding refrigerators which were in a number of cases wired to kitchen appliances 
circuit, rendering this unsuitable for inclusion in the load management system. Similarly, a small 
number of air conditioners could not be included in the list of interruptible appliances as the selected 
contactors were rated at 25A, whilst corresponding circuit breakers were rated at 30A. 

The load management feature is voluntary, and to encourage initial uptake the electrical retailer 
initially offered a small financial incentive (AU$60/quarter) to residents who maintained a 3kW limit.  
However, this incentive was discontinued by the retailer following a lack of consumer interest.  
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Methodology 

Interviews 

The residents of 15 Lochiel Park households were recently interviewed about many aspects of living 
within a low-energy housing estate, during which they were asked to comment on their experiences, 
and those they might have heard, regarding their perceptions and (intentional or otherwise) utilization 
of their LMS. They were also asked to comment on other residents’ positive or negative experiences, 
and which appliances / electrical circuits they believed should be controlled and those that should 
remain powered at all times. These 15 interviews supplemented those conducted in 2012-13.  

Monitored Load Management Data and Simulated Economic Improvement Analysis 

Individual household energy, power and LMS data, collected each minute was collected and collated 
for up to 71 households over a monitoring period spanning 7 years, i.e. 2010 - 2017. Each of the 
3,955 monthly files were processed to determine the amount of time each LMS was used (if at all), 
along with set point (threshold) levels, and whether or not these interrupted power and to what extent.  

Economic Analysis: Peak Tariff and Mandatory Load Management System 

The potential to save money by moving to peak tariffs was explored, by firstly simulating individual 
household electricity bills using current 2015 tariffs, and comparing these to currently accessible peak 
tariffs. This was carried out in two stages for 47 households in 2015 using Microsoft Excel, as these 
had complete data sets for the 2015 calendar year. First, the uptake of LMS was replicated as 
monitored in 2015 (referred to as a load management setting of ‘as is’), and second, the effect of 
mandating LMS utilization in each house and at each of the available set points, i.e. 3, 4 and 5kW, 
was simulated. It was assumed that the energy purchased from the grid remained unchanged, whilst 
the peak power demand during the ‘peak window’, i.e. 4-9pm daily, was limited to each set point.  

Table 1 summarizes the components of the current 2015 and peak tariffs [30]. Compared to the 
current 2015 tariff, the main differences in the peak tariff include: a reduced daily connection charge; 
additional monthly meter reading charge; additional peak summer and winter charges (based on the 
monthly peak power demanded in the peak window); and only one energy charge rate used for each 
month of the year. For the purpose of the analyses presented here it is assumed that the solar feed-in 
tariff (credit) remains unchanged, as this will remain in place until June 2028 providing the residents 
do not increase their PV system size beyond that previously approved by the distributor [31]. 

Table 1: Summary of Current 2015 and Peak tariff components, in AU$ [30]. 

 Tariff Component Applies Current Peak 

Energy ($/kWh) 

Summer (First 10.9589 kWh/d) JAN-MAR 0.32120 - 

Summer balance  JAN-MAR 0.37466 - 

Winter (First 10.9589 kWh/d) APR-DEC 0.29524 - 

Winter balance APR-DEC 0.33913 - 

Peak Consumption JAN-DEC - 0.26345 

Peak ($/kW/d)  
[min. charge 1.5kW/m] 

Summer Demand Peak  NOV-MAR - 0.54197 

Winter Demand Peak APR-OCT - 0.26950 

Daily Charge ($/d) 
Supply   0.70169 0.40392 

Daily Meter Read   - 0.18030 

Solar Credit ($/kWh) Feed-in Tariff (exported energy)  0.50800 0.50800 
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Summary of Load Management System Utilization and Power Interruptions 

Interview Results 

The results from 15 householders that were recently interviewed about the use of their LMS, is 
summarized in Table 2, which shows the months each household used their LMS and experienced 
power interruptions. Note that some similar interview responses from [32] are also included. Also note 
that the number within the curly brackets, e.g. {2} represents the number of months where the data 
showed that the LMS was used or had interrupted power, however in reality these did not occur as 
the LMS was not re-commissioned following a monitoring system firmware upgrade. 

Despite the general consensus that the LMS were seldom used in the development, the data shows 
that 5 of the interviewed households used their LMS despite reporting that they did not. This indicates 
the residents unintentionally activated this, forgot it was on, or were unaware of its function. Further, 
power was interrupted at least once in 4 households, and in two of these cases, the residents were 
notified by phone call as they were unaware that power to appliances had been interrupted. 

Table 2: Summary of 15 recently interviewed householders showing usage and events. The 
number or letter within { } indicates data where LMS appears to be used, but was inoperable. 

 

LMS Used?, according to: # Months (from data) 

Household Interview Data Data Used Power Interruptions 

E Y Y 61 57 4 

F N N 54 0 0 

G* Y Y 74 2 1 

H* N Y 67 5 {2} 4 {2} 

J* N Y 75 3 {1} 0 

N* Y Y 75 5 1 

O N N 43 0 0 

P N Y 46 5 4 

Q** Y Y 71 44 11 

U* Y Y 76 13 {6} 2 {2} 

Z** N Y 61 2 {1} 1 

AA N Y 60 51 24 

BB N N 9 0 0 

CC* N N {Y} 35 28 {28} 8 {8} 

DD* N Y 68 4 4 

* LMS was not re-commissioned after firmware upgrade and no longer functions correctly. 

** LMS was re-commissioned after firmware upgraded and is functioning correctly. 

Many households thought that the load management feature was no longer operating, whilst others 
thought the feature was of little value to them for they were already very energy efficient. Household B 
did not use this feature because they wanted to maintain control of all electrical appliances and 
equipment. Household E had used the feature but found it “useless” after it turned the washing 
machine off when they needed the clothes washed. Household G attempted to use the feature without 
success. Household I thought it was “conceptually fantastic, but not a good feature at the moment”, 
and referred to a negative experience of another Lochiel Park household that was not interviewed in 
this study. Household F was typical of responses to this feature: 

“[person’s name] did mentioned that and explained it somewhat, but we haven’t sort of run 
into that territory where we’ve been motivated to need to do it,…” 
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Household Q uses the load management system to help know when they were using too much 
electricity and to track and control air conditioning used by the daughters, but without a high level of 
success as this caused anger from daughters when the air conditioning stopped.  Household Q noted: 

“… but the rest of the household doesn’t like me using it.  They have learnt how to turn it off, 
so they can get their air conditioning back again.” 

Appliance Control 

When asked which appliances should be controlled by the load management system, there was a 
mixed response from those regarding appliances that are interrupted by default. The majority of 
interviewees, 8, indicated the air conditioner should be controllable, whilst 1 felt this should remain on 
in winter and 1 stated that only the compressor should be controllable, i.e. keep air moving but do not 
interrupt power to the whole system. Residents in 5 households were happy to have their dishwasher 
interrupted, as were 4 and 3 having their laundry appliances and oven controlled, respectively. Other 
recommendations made by residents included televisions by 2 households, and 1 household 
suggested controlling a hairdryer, kettle, computer and electric toothbrushes. 

Regarding appliances that should remained powered at all times, 1 household indicated that all 
should be, whilst the refrigerator was identified by 7 households, followed by the oven in 4 cases. 
Lighting circuits and water heaters were listed by 2 households, and 1 household wanted clocks, a 
computer server and water pumps to remained powered at all times. Given that lights, refrigerators, 
water pumps and general power outlets (other than those in the kitchen or laundry), were wired to 
remain powered at all times, together with suggestions of low-powered devices, such as electric 
toothbrushes, televisions and computers, this suggests that the majority of residents generally are not 
aware of appliance power ratings or how their LMS operates. This is seen in a few cases, where the 
LMS was used following a firmware upgrade where this was inoperable, refer to { } in Table 2. 

Given that the financial incentive to use the LMS was withdrawn by the energy utility before many of 
the homes were occupied, this feature may have been attractive to more households. However, the 
tone of most household responses indicates a lack of interest in this method of peak load control. 

Data Analysis of Entire Estate: What really happened? 

Table 3 shows the aggregated amount of time (in minutes, and expressed as a percentage) that the 
load management systems were collectively utilized, at any set point, and had interrupted power to at 
least one electrical circuit. It is revealed that LMS were set for nearly 13 million (M) of nearly 171M 
minutes, or 7.60% of the monitoring period. Of which, the LMS were used for 1.36M minutes or 0.80% 
of the time, without being re-commissioned following firmware upgrades, which rendered this feature 
inoperable; these numbers are shown hereafter in curly brackets, e.g. {3}. Furthermore, power to 
circuits was interrupted for about 1.66M {0.343M} minutes which corresponds to 12.80% {2.64%} of 
the time that the collective LMS were utilized, for about 0.97% {0.20%} of the total monitoring period.  

Table 3: Total LMS data available including the amount of times (minutes and percentage) this 
was utilized and interrupted power. Number in { } indicates data when the LMS was inoperable. 

   Utilization Power Interruptions 

Data (mins) Total # mins Percentage Total # mins % of all data % of Utilization 

170,893,866 
12,985,557 
{1,360,188} 

7.60% 
{0.80%} 

1,661,802 
{343,369} 

0.97% 
{0.20%} 

12.80% 
{2.64%} 

 

Although the above table gives an overall idea of the amount of times that the LMS was utilized or 
interrupted power, the data needs to be disaggregated to draw any conclusions from this. Table 4 
shows the LMS data disaggregated by the number of households, year, duration of utilization, set 
point, and priority level; it also indicates the number of monthly data files available. The number 
shown in each cell represents the number of months corresponding to that respective condition, whilst 
the number in curly brackets (e.g. {2}) indicates the number of monthly periods the LMS was 
inoperable as the LMS was not re-commissioned following firmware upgrades, yet appears to have 
been used or interrupted power. For example, consider the year 2014 where 68 households recorded 
data for 777 months. Of these, it appears that 15 {2} households utilized their LMS for a total of 81 
{16} monthly periods where the monthly maximum set point was 4kW for 29 {5} monthly periods, and 
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in 69 {14} cases the system was used for more than one week, at any set point. Further, power was 
interrupted to at least one power circuit in 18 {2} monthly periods in 7 {1} households; in 8 of these 
cases, a maximum priority of 2 was recorded, i.e. 2 power circuits had power interrupted.  

Data from 6+ years and 71 individual households has resulted in 3,955 monthly data files, which show 
that 47 {2} households used their LMS in some capacity for 397 {39} monthly periods. Of this, these 
were used for less than 1 hour for 63 {5} cases, indicating the residents were likely experimenting with 
the system. In contrast, there were 310 {33} cases where the LMS were used for more than 1 week in 
a given month, suggesting the residents likely did not exceed their set point and hence did not have 
any power interrupted. Further analysis shows that 20 {3} households had power interrupted in 82 
{12} months and that in 58 {10} of these cases, 2 or less power circuits were interrupted, suggesting 
that the LMS achieved its objective of reducing peak power demand. In the remaining 24 {2} cases, 
the maximum monthly priority reached 6 indicating the LMS was unable to prevent the 30-minute 
average power demand exceeding the set point and hence did not meet its desired objective.  

Table 4: Summary of available data, and a breakdown of the utilization of and power 
interruptions caused by the load management system, over the 6+ year monitoring period. 

   

2010 2011 2012 2013 2014 2015 2016 Total 

Data 
# Months 240 447 668 774 777 765 284 3,955 

# Houses 33 47 63 67 68 68 59 71 

U
ti
liz

a
ti
o
n
 

# Months 32 46 48 71 {1} 81 {16} 86 {13} 33 {9} 397 {39} 

# Houses 19 21 12 14 {1} 15 {2} 11 {2} 10 {4} 47 {2} 

Duration 
(any set 
point)* 

>0mi, ≤1h 18 16 5 12 {1} 6 {1} 4 {1} 2 {2} 63 {5} 

>1h, ≤1d 2 4 1 1 1 1 0 10 

>1d, ≤1w 3 3 3 0 5 {1} 0 0 14 {1} 

>1w, ≤1m 9 23 39 58 69 {14} 81 {12} 31 {7} 310 {33} 

Set Point 

3kW 12 26 11 23 {1} 29 {11} 14 {11} 3 {3} 118 {26} 

4kW 5 8 12 24 29 {5} 24 7 109 {5} 

5kW 15 12 25 24 23 48 {2} 23 {6} 170 {8} 

P
o
w

e
r 

In
te

rr
u
p
ti
o
n
s
 

# Months 7 16 9 10 18 {2} 18 {8} 4 {2} 82 {12} 

# Houses 6 9 5 4 7 {1} 3 {1} 2 {1} 20 {3} 

 
Priority  

** 

1 1 5 2 1 2 15 {8} 2 28 {8} 

2 0 3 3 9 8 3 2 {2} 28 {2} 

3 1 1 0 0 0 0 0 2 

4 0 0 0 0 0 0 0 0 

5 0 0 0 0 0 0 0 0 

6 5 7 4 0 8 {2} 0 0 24 {2} 

* mi, h, d, w, m represent: minute, hour, day, week and month, respectively. 

** Priority represents the number of electrical circuits that had power interrupted during a given month.  

How Were Residents Alerted of Power Interruptions? 

It is assumed that residents who had power interrupted to circuits were able to identify and rectify this, 
as power can only be restored (re-energized) by interacting with the EcoVision monitoring system by 
nullifying the set point. This appears to have occurred in the majority of cases, however there are a 
few known exceptions, e.g. in 2 cases, phone calls were made to residents who were unaware of 
power interruptions. One of these was an elderly couple who did not understand why their air 
conditioner was not operating during a hot afternoon, and their daughter was grateful to receive the 
call and instructions how to re-energize the air conditioner; they have not used the LMS since. In the 
other case, a household was being minded by friends whilst they were overseas and their friends 
were not aware that power had been interrupted for a total of 22 of 34 months, in 2 separate cases. 



 

409 
 

In another case one the residents of a newly commissioned house were unable to use their oven for 
several days. They did not interact with their monitoring system, nor contact either the builder who 
installed the LMS, or the university who would have immediately suggested inspecting the monitoring 
system. Instead the resident contacted their preferred electrician who was unaware of the LMS and its 
functionality, and did not discover the issue for several hours, resulting in an expensive and negative 
experience. It is thought that a child in the household may have activated this unknowingly.  

Finally, the LMS was being used for more than the last 18 consecutive months in 4 households. It is 
likely that the residents are not aware of their LMS being activated, as power has not been interrupted 
in any of these households, which would require user intervention to re-energize power circuits. 

Peak Demand Analysis and Potential Cost Savings  

The demand tariff has had limited uptake since. The analyses presented hereafter hence investigate 
whether 47 Lochiel Park households, would benefit financially on this tariff, based on data from 2015. 

Peak Demand Analysis and Cost using Current Tariff and Load Management System Settings  

A detailed list of monthly peak events is shown in Table 5, which summarizes the monthly minimum, 
average and maximum peak demand together with number of households whose peak occurs within 
the 4-9pm peak window, shown in [ ]; this occurs in 71% of cases. The table also shows the number 
of peaks that occur above 1.5, 3, 4 or 5kW, as these represent the monthly minimum charged to the 
customer and the LMS set points. The data shows that the majority of houses have a monthly peak 
that exceeds 3kW, during the cooling and heating dominant months (DEC-FEB and JUN-SEP), which 
is likely caused by using reverse-cycle AC which are limited to 4kVA. Hence using the LMS set to 3 or 
4kW would almost guarantee interrupting power to the AC as by default, this is the first appliance to 
be interrupted; this is less likely yet possible by adjusting the set point to 5kW.  

Table 5: Summary of 47 household monthly peak demands in 2015. 

 Number of Houses, where monthly Peak at: All times [during window] 

Month Peak in 
window 

Peak > 
1.5kW 

Peak > 
3kW 

Peak > 
4kW 

Peak > 
5kW 

Min. (kW) AVG (kW) Max. (kW) 

JAN 31 45 [45] 30 [27] 21 [20] 11 [11] 0.67 [0.67] 3.75 [3.58] 7.09 [7.09] 

FEB 37 44 [43] 33 [33] 21 [20] 10 [10] 0.47 [0.47] 3.80 [3.76] 7.13 [7.13] 

MAR 35 42 [42] 17 [14] 6 [5] 3 [3] 0.65 [0.17] 2.74 [2.63] 6.17 [6.17] 

APR 30 46 [45] 27 [24] 13 [11] 6 [6] 0.80 [0.30] 3.43 [3.19] 7.74 [7.74] 

MAY 32 47 [46] 34 [32] 24 [23] 12 [9] 1.69 [0.15] 3.98 [3.79] 7.75 [7.75] 

JUN 32 46 [45] 38 [35] 29 [25] 18 [14] 0.43 [0.14] 4.50 [4.25] 8.40 [8.40] 

JUL 33 45 [43] 36 [35] 30 [28] 21 [21] 0.20 [0.15] 4.56 [4.39] 8.04 [8.04] 

AUG 31 46 [46] 35 [33] 29 [29] 22 [20] 0.16 [0.16] 4.64 [4.42] 9.11 [8.05] 

SEP 30 44 [44] 32 [31] 25 [22] 13 [11] 0.32 [0.27] 3.97 [3.81] 7.82 [7.82] 

OCT 38 44 [43] 17 [17] 8 [7] 3 [3] 0.51 [0.45] 2.88 [2.78] 6.83 [6.83] 

NOV 36 44 [41] 21 [20] 12 [11] 4 [3] 1.17 [1.17] 3.21 [3.02] 7.12 [7.12] 

DEC 37 45 [45] 31 [31] 25 [25] 15 [14] 1.34 [1.34] 4.19 [4.06] 8.03 [7.41] 

 

Although the data indicates that the many households could reduce their monthly peak demand by 
utilizing the LMS, the current tariff offers no financial incentive to do this. To explore the potential to 
save money by moving to a demand tariff consider Figure 2 which shows the base case electricity bill 
using the current tariff for 47 households, where the black dot shows the overall cost, whilst the bars 
breakdown the various charged and credited components. Currently 17 households remain in credit. 
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Figure 2: Electricity bill breakdown for 47 households in 2015, using the current tariff. 

The result of moving to the demand tariff for each household is shown in Figure 3, which results in a 
more complex bill overall, as energy, peak demand and meter reading fees are now charged each 
month (recall Table 1). Despite a reduction in daily connection charges of about $40/year, each house 
pays more money (or reduces its credit) overall; this is represented by a negative cost saving. Of the 
17 houses that were previously in credit, only 9 remain in credit, indicating that they have lost 
revenue; the other 8 houses are now paying an annual amount, whereas they were in credit. 

 

Figure 3: Electricity bill breakdown for 47 households in 2015, using the demand tariff. 

Cost and Potential savings Utilizing Load Management Systems on Peak Tariff 

The introduction of a demand tariff does not reduce energy bills for the 47 investigated low-energy 
houses. Unlike standard houses, these have load management systems installed which is designed 
to limit peak demands, which can offer a cost saving by reducing monthly peak demand components. 
This is only possible if the LMS is utilized for the entire year, which according to monitored data 
occurs only very rarely. Nonetheless, the electricity bill for each of the 47 households is now simulated 
and shown in Figure 4, where the LMS is utilized ‘as is’ (Figure 3), and for set points for 3, 4 and 5kW.  

Table 6 also summarizes the household minimum, average and maximum savings by moving to the 
demand tariff and utilizing their LMS at various set points. The table also quantifies the number of 
households that fall into one of six categories, denoted by three characters made up of either ‘-‘ or ‘+’ 
which represent negative and positive values. The first and second characters represent the costs 
under the current and peak tariffs, respectively, whilst the third character represents the difference in 
cost on the peak and current tariffs; the latter is equivalent to the money or cost saved by moving to 
the peak tariffs. For example, ‘ - - - ’ indicates that a house was initially and is still in credit, however 
the credit is now smaller. Similarly, ‘ - + - ’ indicates that a house was initially in credit and is now 
paying for electricity, which has a negative cost saving. Cases of interest are those ending in a ‘+’ 
(shaded in Table 6), which indicate that money can be saved by moving to the peak tariff; this only 
occurs for 2 households when utilizing their LMS at 4kW, or 7 households when set at 3kW.   
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Figure 4: Electricity savings made by moving to demand tariff and utilizing LMS, for (a) 
individual households, and (b) as a function of respective current tariff costs. 

Additional conclusions drawn from the analyses include: i) moving to a demand tariff alone costs the 
average household an additional $269 annually, ii) if already on a demand tariff, the average 
household can save $30, $70 and $136 annually, compared to the ‘as is’ case, by utilizing their LMS 
at set pints of 5, 4 and 3kW, respectively, and iii) a maximum annual saving of $139.52/peak kW can 
be made, suggesting that a LMS may be worthwhile if householders are already on a demand tariff. 

 

Table 6: Summary of household savings by moving to demand tariff and utilizing LMS. 

LMS 
Setting 

Annual Electricity Saving (AU$) 
Number of Houses: 

Current Tariff, Peak Tariff, Cost Saved Cost Saved 

Min. Average Max. - - + - - - - + - + - + + + + + + - Y N 

as is -$434.07 -$268.58 -$64.61 0 9 8 0 0 30 0 47 

5kW -$385.47 -$238.66 -$62.74 0 9 8 0 0 30 0 47 

4kW -$325.25 -$198.14 $42.36 0 9 8 0 2 28 2 45 

3kW -$244.04 -$131.95 $182.14 0 10 7 0 7 23 7 40 

 
 

Summary and Conclusions 

This paper reviewed mechanisms to limit peak demand within the residential sector, and investigated 
the effectiveness of voluntary load management systems (LMS) within houses inside a low-energy 
housing development in South Australia. The latter involved interviewing residents, collating and 
analyzing large volumes of individual household monitoring system data, and simulating the impact of 
moving to peak tariffs together with utilizing load management systems at set points of 3, 4 and 5kW.  

Residents of low-energy houses generally feel they already effectively manage their electricity usage 
and see no need for automated systems, and some suggested that low-powered appliances should 
be interruptible. This, together with monitored data, which revealed that i) LMSs were used for nearly 
7.5% of the monitoring period, and had interrupted power to circuits for nearly 1% of the total 
monitoring period, and ii) that most exceeded the minimum LMS set point of 3kW for the majority 
(58%) of months, indicates the residents are either unaware or didn’t care about the impact of their 
electricity usage on their own and the network peak demand. 

Results of simulations for 47 individual households showed that moving away from current energy-
based tariffs towards peak-based tariffs increased the annual cost (or reduced credits) for all houses. 
Further, only 7 households could save costs on their electricity bills by moving to demand tariffs if their 
LMS are continuously utilized at a set point of 3kW; this reduces to 2 households for a 4kW set point.     
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Abstract  
 
This paper seeks to measure the magnitude of the direct rebound effect in the French residential 
electricity consumption by using the quantile regressions. Our paper is based on rich micro-level data 
with individual household survey (PHEBUS Survey 2014). The sample used contains 2,356 
households in housing units selected statistically to ensure representativeness of the French principal 
residential dwelling stock. Traditionally, the debate focuses on the price of energy services decreases 
due to the housing energy efficiency improvement and the impact this has on energy demand. This 
research develops a bottom-up statistical approach based on quantile regression model to estimate 
electricity demand rebound effect using two theoretical estimation strategies: (i) the energy efficiency 
elasticity of the demand of energy services; and (ii) the price elasticity of the demand for energy 
services. Our findings reject the hypothesis of backfire effect for residential electricity use in France. 
Specifically, the empirical estimation provides evidence of a rebound effect between 38 and 86% but 
with substantial heterogeneity among consumption quantile. To untangle the spectrum of residential 
energy use, this study suggests ways in which we can begin to think about how we can incorporate 
the rebound effect into residential energy policy and reduce energy-related greenhouse gas 
emissions. 

 
Introduction 
 
Improving the energy efficiency of the housing stock has long been considered as an effective 
strategy to reduce residential energy demand and achieve sustainability policy goals. Despite these 
important efforts, attempts to mitigate energy demand by promoting resource and energy efficiency 
have often fallen short of expectations. One of the most popular explanation of this failure is given by 
the so-called rebound effect traditionally pertained to the domain of neoclassical energy economics

154
. 

Nevertheless, an increase in housing energy efficiency does not necessarily translate into equal 
decrease of energy demand, in absolute terms. Actually, energy efficiency savings can be 
undermined by changes in consumers attitude and behavior – the so-called 'rebound effect'. The 
rebound effect depicts mainly an attitudinal and a behavioral response to an improvement in energy 
efficiency. Therefore, the scope of the savings depend on the efficiency-induced attitudinal and 
behavioral effects.  
 
The rebound effect is defined as the “unintended consequences of actions by households to reduce 
their energy consumption and/or greenhouse gas (GHG) emissions” [1, p:8]. In other words, the 
rebound effect is the proportionate raise in energy service demand which follows from an endogenous 
diminution in the marginal cost of supplying energy of that service, due to an energy efficiency level 
improvement of a given proportion. The rebound effect includes both the systems and household 
behavioral responses to cost reductions of energy services as a result of energy efficiency 
improvements. Several papers have showed that households increase their consumption of energy 
once they are engaged in energy efficiency [2, 3, 4, 5, 6 and others].  
 
Electricity represents a fundamental part of modern life. People use electricity for heating, cooling, 
also to light their homes and run almost all of their appliances, including computers, televisions, 
toasters, and refrigerators. With the constant innovating trend of home electronics market, people now 
plug in more electronics and appliances at their homes than ever before.  

                                           
154

 Another explanation for this situation is the non-adoption of some efficient technologies by consumers and more generally 
the market. 
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In theory, improving electricity utilization efficiency will lead to reduce electricity consumption. 
However, why the residential electricity consumption increases rather than decrease with the 
improvement of electricity utilization efficiency? Residential electricity consumption arises mainly from 
household appliances, such air conditioners from controlling the temperature, refrigerators, cookers, 
washing machines, home lighting, computers and TV, etc. When electricity utilization efficiency 
improves, the power consumed doing the same work decreases. The cost for equal energy services 
may decreases. However, we then see a change in behavior of households who may increase their 
demand for residential electricity consumption by using or buying new devices that increases their 
electricity usage. This rebound effect varies depending on the external environment and countries 
policies. 
 
This paper seeks to measure the magnitude of the direct rebound effect in the French residential 
sector by using quantile regressions. The main hypothesis of this research is that household 
behaviour join a number of other factors that limit expected energy-savings from energy efficiency 
investment, in what is known as the rebound effect. The contribution of this paper includes four 
aspects. First, this paper introduces a new dimension to explore the spectrum of household electricity 
consumption through which energy debate connects with household behaviors. Second, this paper 
discusses the electricity consumption rebound effect in France. To the best of our knowledge, 
empirical research on rebound effect and on effect of dwelling- and household-related factors that 
affect household electricity consumption in France are rather limited, due to the lack of information 
and availability of disaggregated data on household electricity consumption. Third, this paper explores 
and reveals several findings regarding household, behaviors, dwelling and climate factors have in 
designing residential electricity consumption. Finally, by separating the effect of energy efficiency and 
energy prices on the household energy demand this study will enrich the recent debate on whether 
households respond differently to energy efficiency improvement and to energy price changes.  Chan 
and Gillingham [7] demonstrated that service demand or price elasticity capture essentially distinct 
implicit price changes comparing to service price  or efficiency elasticity of service demand. Therefore, 
the rebound effect estimation based on the former two elasticities may be biased. 
 
The rest of the paper is organized as follows: Section 2 reviews the literature and presents the 
microeconomic theory of the rebound effect. Section 3 presents the data and the analytical methods. 
Section 4 discusses the findings and Section 5 concludes the paper and findings. 
 

Theoretical background and literature review 
 
The rebound effect represents a substantial research area for producing the knowledge needed for 
the improvement of energy of evidence-based energy policy and energy efficiency strategies in the 
residential sector. 
 
Although the rebound effect concept has fairly old origins, it can be traced back to the seminal works 
of Jevons [8]. Jevons pointed out that although the use of coal-fired steam engine had greatly 
improved production efficiency, its widespread use had led to increase in the consumption of coal. 
Studies on the rebound effect started in the early 1980s. The pioneer works of Brookes [9] and 
Khazzoom [10] postulate that when the price of energy remains unchanged energy efficiency 
improvements caused by technological advantages will increase rather than reduce energy 
consumption.  
 
Since then, there are an increasing number of empirical, as well as theoretical papers on the rebound 
effect in different sectors (e.g. personal automotive transport, household heating, space cooling and 
other household energy services, etc.) with different type of data (e.g. aggregate or household level, 
cross section or time series, etc.). This growing concern has triggered several new enquiries into both 
the theoretical definition of the phenomenon and its measurement.  
 
From an analytical point of view, several papers have aimed to identify the several facets of the 
rebound effect [10, 9, 2, 11, 12]. The economic literature distinguishes between direct effects, indirect 
effects and transformational effects.  
 
Direct effect describes how improved energy efficiency decreases the effective price of electricity and 
therefore lead to an increase in the consumption of the service. This is mainly the well-known 
standard microeconomic effects of substitution and revenue, and works also for the production of 
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electricity. As the marginal cost of electricity production decreases (due to more efficient 
technologies), the production may increase since additional electricity consumption in the economy is 
needed. 
 
Indirect effect refers to the effect of a change in electricity efficiency in the whole economy. It will 
lower the production cost of some goods and services and there are substitution in consumption and 
production of goods in the entire economy (and in some cases in the structure of the world economy). 
Since then the consumers can benefit from these changes and may increase their electricity 
consumption. This is also the case for industries/business who can use the electricity more intensively 
since its has cost decreased. 
 
Finally, a transformation effect describes the change in the tastes and preferences of the consumers 
with energy efficiency. When energy efficiency impacts all the goods and services, this may lead to 
new needs and change in the taste of consumers. It may induce an increase in the consumption of 
other goods needing more electricity. 
 
Under standard neoclassical assumptions, the utilization of an energy-using good is based on the 
operating cost (i.e. the fuel price divided by the energy efficiency), so both a change in the fuel price 
and a change in the energy efficiency of the good would change the operating cost in identical 
(opposite) ways. Thus, it is common to describe the fuel price elasticity of demand as the direct 
rebound effect [13, 14]. 
 
From an empirical point of view, several papers show the existence and the magnitude of the rebound 
effect for several countries and for different sub-groups. Studies on rebound effect started in the early 
1980s but only recently has the topic received growing interest in academic and policy circles. While 
there is an extensive literature for energy consumption and the rebound effect [15, 16, 17], few papers 
have focused on the electricity consumption.  
 

Data and methodology 
 
Data 
 
Our empirical analysis is based on the microdata from the recent household energy consumption 
survey PHEBUS. Collected by the Department of Observations and Statistics (SOeS) depending on 
the French Ministry of Ecology and Sustainable Development. This database is the latest version of 
the PHEBUS micro level data released in early 2014. The main objective of the survey is to provide a 
better view of energy performance of French housing units. The basic random sample results from a 
complex multistage sampling design. The sample used in this study contains 2,356 households that 
were selected to statistically represent of the French principal residential dwelling stock (about 27 
million housings units). Table 1 provides the list and summary statistics of variables used in the 
econometric model.  
 
Table 1 List and description of modeling variables  

 
Variable Categories  Frequency / Mean 

Household socio-economic attributes 

Household income (€)   35,593 

Energy price (€/kWh)   0.15 

Age of HRP 
 

54 

Number of household members (NHM)                                                                   2.55 

Tenure type (TT) Owner 76.15 

Rented 23.85 

Dwelling characteristics 

Dwelling efficiency  0.0046 

Total square footage (TSF) 
 

92 

Housing type Isolated individual house 50.11 
Shared building 49.89 

Heating system (HS) Shared central 9.69 

Individual central 76.97 

Other 13.34 
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Heating degree days (HDD)   1971.06 

Household behaviors 

Equipment Rate   6,61 

Heating temperature  21.44 

Lower the heating of the bedroom Yes 6.33 

No 31.67 

 
Modeling approach  
 
Theoretical and methodological aspects  
 
As stated above, examining residential energy consumption is a complex issue sorely linked to the 
multitude of inter-related factors: physical characteristics of the housing units, occupant attributes, 
lifestyle and behavior, heating systems, appliances, climate conditions, energy prices, etc.  
 
There is a wide range of studies on the nature and measurement of the rebound effect [6,18]. 
Numerous approaches have been employed with the objective of measuring the magnitude of this 
phenomenon. Several estimation technics: instrumental variables, ordinary least squares among 
many other techniques were used. Sorell and Dimitropoulos [11] suggest using own price elasticity of 
energy demand as a proxy to measure the magnitude of rebound effect, which appears to be 
imperfect.  
 
Besides measuring the rebound effect, this paper intends to further isolate and shed-light on the 
household’s energy consumption main drivers. This study conducts a cross-section analysis to 
measure the magnitude of the direct rebound effect in domestic energy consumption. In fact, we use 
quantile regression to assess the impact of energy price and dwelling efficiency. The proposed model, 
allows an analysis of the energy efficiency and fuel price on the household electricity demand 
responsiveness separately. 
 
Following Berkhout et al.[19] and Sorrell and Dimitropoulos [11], we define the rebound effect as 
energy efficiency elasticity of energy services consumption, i.e. the proportionate (percentage) 
change in energy services consumption following proportionate change in energy efficiency, holding 
the other measured variables constant. 
 

𝜂𝜀(𝑆) =
𝜕 𝑆

𝑆
/

𝜕 𝜀

𝜀
 =

𝜕 𝑆

𝜕 𝜀
  /

𝑆

𝜀
     (1) 

 
Where, S is the energy services consumption and ε is the energy efficiency.  
 
The energy efficiency (ε) of dwelling may be defined as:  
 
Energy services represents the household benefits obtained from using energy. S may be measured 
by: 
 

𝑆 = 𝜀 ∗ 𝐸   (2) [17] 
 
Where, E is the household energy demand. 
 
Substituting Eq. (2) into Eq. (1) and using the product rule (See Galvin [17]), rebound effect in terms 
of the energy efficiency elasticity may be described as: 
 

𝜂𝜀(𝑆) = 1 +
𝜕𝐸

𝜕𝜀
/

𝜀

𝐸
      (3) 

 
We note that Eq. (1) and Eq. (3) together form an identity, thus we can drive the following relationship 
between energy services demand and energy efficiency elasticities:  
 

𝜂𝜀(𝐸) = 𝜂𝜀(𝑆) − 1 (4) 
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However, dwelling energy efficiency corresponding to domestic energy demand is complex. Broadly 
defined, in France, as the amount of energy required to achieve comfortable indoor conditions in all 
rooms of a housing unit and given in kWh of energy used per square meter per year (kWh/m²/year). 
Widely defined as: 
 

𝜀 = 𝑘
𝐷⁄  (5) 

 
Where, D is the energy intensity.  
 
Substituting Eq. (5) into Eq. (2) we can drive a conceptual comprehension of the notion of energy 

services:  𝑆 = 𝐸
𝐷⁄  (It is not necessary to find a value for k, because it cancels out in this calculation 

[17].  
 
Instead of using 𝜂𝜀(𝐸) and 𝜂𝜀(𝑆) several authors used price elasticity estimate as proxy of the 
magnitude of the rebound effect [19, 16, 13]. Under specific assumptions, the rebound effect can be 
estimated by the own price elasticity [11]. Hence, the rebound is formally expressed as:   
𝜂𝜀(𝐸) = − 𝜂𝑃𝑒(𝐸) − 1. Where, 𝑃𝑒 is the energy price.  
 
In part, the choice of the elasticity measure to approximate the rebound effect rely on the data 
availability. Nevertheless, data on energy prices and energy consumption are more available and 
more accurate than data on energy efficiency and energy services [13].  
 
Model specification 
 
Energy demand is not homogenous among households. Therefore, using Ordinary Least Squares 
regression technique, based on the conditional mean, is not suitable to differentiate the rebound effect 
with respect to energy demand distribution across households. In addition, the rebound effect 
mitigation policies to address the rebound effect based only on the averages effects will be not 
ambitious and may be irrelevant. However, the quantile regression parameters estimate the impact of 
individual explanatory variables on a specified quantile of the dependent variable (e.g., 10

th
, 25

th
, 50

th
 

and 75
th
 quantiles).  Therefore, in our case quantile regression allows us to detect differential impacts 

of energy efficiency, energy price, household income, etc. 
 
The major advantage of the quantile regression (QR) technique is to differentiate variables effects 
across the entire distribution of household energy consumption. In addition, quantile regression 
affords a substantial advantage over OLS due to the relative independence of the bootstrapped 
standard errors and to the heteroskedastic errors the absence of requirement of Gaussian error 
structure. 
 
Quantile regression is viewed as an extension of standard least squares estimation of conditional 
mean models to the estimation of a set of models for several conditional quantile functions. In other 
word, quantile regression as introduced by Koenker and Basset [20] seeks to generalize the idea of 
univariate quantile estimation to the conditional quantile functions estimation, i.e. the quantiles of the 
conditional distribution of the dependent variable are formulated as functions of observed covariates.   
 

So we have the 𝜃𝑡ℎ quantile is generally defined as: 
 

𝑞𝜃(𝑌) = 𝑖𝑛𝑓{𝑦: 𝐹𝑌(𝑦) ≥ 𝜃}, 0 < 𝜃 < 1  (6) 
 

Therefore, the standard log-linear demand equation used to estimate the magnitude of the rebound 
effect can be written as: 
 

 𝑦𝑖 = 𝑥𝑖
′𝛽𝜃 + 𝑢𝑖   with 𝑄𝜃(𝑦𝑖

  ⁄ 𝑥𝑖) = 𝑥𝑖
′ 𝛽𝜃 (7) 

 
In our model 𝑦 is the vector of household electricity demand (in logarithm), x is a vector of all the 

regressors, 𝛽 is the vector parameters to be estimated, and 𝑢 is a vector of residuals. 𝑄𝜃(𝑦𝑖
  ⁄ 𝑥𝑖) is 

the 𝑄𝑡ℎ quantile of 𝑦𝑖 given  𝑥𝑖. The  𝜃𝑡ℎ QR estimator minimizes over 𝛽�̂� the objective function 
(Cameron and Trivadi, 2013): 
 



 

419 
 

Q(𝛽𝜃) = ∑  𝑁
𝑖:𝑦𝑖≥𝑥𝑖

′𝛽  𝜃|𝑦𝑖 − 𝑥𝑖
′𝛽𝜃| + ∑  𝑁

𝑖:𝑦𝑖<𝑥𝑖
′𝛽  (1 − 𝜃)|𝑦𝑖 − 𝑥𝑖

′𝛽𝜃|  (8) 

 
If 𝜃 = 0.75, much more weight is placed on prediction for observations with 𝑦 ≥ 𝑥 

′𝛽 than for 

observation with 𝑦 < 𝑥 
′𝛽. Finally, asymptotic and bootstrapping methods are normally used to obtain 

the standard errors and confidence limits for coefficient estimates. 
 
 

Results and discussion 
 
The empirical results from quantile regression and OLS are displayed in Table 2 and Fig. 2; these 
represents the conditional quantile estimates of the energy demand (dependent variable). Almost all 
of the control factor coefficients used in the model are statistically significant at the 1% level. Using 
OLS, the adjusted R² statistic is equal to 0.60 and is reasonably high given that the dependent 
variable was estimated in share form. The rebound effect, from the OLS model, due the price effect is 
about 45%, while the rebound effect due to the dwelling energy efficiency is about 76%.  
 
It is evident that OLS regression does not capture the prices and energy efficiency effects on energy 
consumption for those households at both the lower and upper tail of consumption distribution. 
Nevertheless, the rebound effects estimates from the quantile regression suggest that household’s 
react to the energy prices and dwelling energy efficiency differently through various quantiles of 
conditional distribution. This can be explained by the fact that households’ energy uses, needs and 
preferences are different.  
 
The variation of the rebound effect due to the price effect with respect to household energy demand 
distribution is ranging from 38 to 71%. It is obvious that households with energy demand at 10

th
 

quantile have the lowest rebound effect of about 38%, while households with electricity demand at 
90

th
 quantile have the highest rebound effect of around 71%. For those households with energy 

demand at the 25
th
, 50

th
 and 75

th
 quantiles, their estimated rebound effects are around 44%, 57% and 

65%, respectively.   
 
The variation of the rebound effect due to the energy efficiency effect with respect to household 
energy demand distribution is between 72 and 86%. It is clear that households with energy 
consumption at the 90

th
 quantile have the highest rebound effect of about 86%, while households with 

energy demand at the 50
th
 quantile have the lowest rebound effect of around 72%.   

 
Table 2: Estimation results using quantile and OLS regression. 

Variable 0,1 0,25 0,5 0,75 0,9 OLS 

Intercept  3.85***  1.59*** -0.29*  1.09***  4.80***  1.35*** 

Energy price -0.38*** -0.44*** -0.57*** -0.65*** -0.71*** -0.45*** 

Dwelling efficiency -0.22*** -0.27*** -0.28*** -0.20*** -0.14*** -0.24*** 

Household income  0.01  0.02  0.05  0.03  0.05  0.01* 

Age of HRP  0.02  0.15*  0.22***  0.16*  0.13  0.13*** 

Number of household members  0.12***  0.18***  0.14***  0.16***  0.12***  0.14*** 

Owner  0.11  0.05 -0.09* -0.17*** -0.11* -0.07** 

Total square footage  0.44***  0.43***  0.49***  0.46***  0.50***  0.46*** 

Shared central heating -0.25 -0.41 -0.26 -0.25 -0.10 -0.37** 
Individual central heating -0.47*** -0.37*** -0.22** -0.22** -0.28** -0.36*** 

Multi-unit housing , flat -0.14* -0.17*** -0.21*** -0.25*** -0.22** -0.21*** 

Equipment Rate  0.08  0.19**  0.14  0.25*** -0.23***  0.17*** 

Heating temperature  0.09  0.33  0.46**  0.49  0.06  0.48*** 

 Heating degree days (HDD)  0.14  0.13  0.19*  0.20**  0.01  0.15*** 

***, **,* indicate that estimates are statistically different from zero at 0.01, 0.05 and 0.1 levels, 
respectively. 
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Conclusion 
 
Residential energy demand is intrinsically complex, shaped by a wide range of inter-related factors, 
including dwelling characteristics, household attributes, behavior and the lifestyle of householders [21, 
22, 23]. Energy policymakers are increasingly concerned about energy efficiency improvements, 
whish seen as a key strategy to reduce energy demand in the residential sector. However, energy 
efficiency investments may not yield expected energy- saving due to a concept called the rebound 
effect, which leads to lower savings than expected when energy-efficiency increases. 
 
While, there is an increasing number of studies focusing on residential energy efficiency, there is a 
current lack of studies on examining empirically the magnitude of the rebound effect for residential 
electricity demand. Using quantile regression approach based on micro-level data from the new 
French 2013 PHEBUS survey, this paper provides estimates of the magnitude of the rebound effect 
for residential electricity consumption in France. The main objective of this paper was to provide an 
estimation of the direct rebound effect for the residential electricity consumption in France. Our 
empirical results show the existence of a substantial direct effect ranging between 38 and 86%. 
 
Understanding the rebound effect and measuring its magnitude are fundamental steps before setting 
any public policy. However, previous attempts used a variety of approaches subject to bias, including 
technical bias and the quality of the data. Most of the studies estimate the rebound effect based on 
the demand price elasticity and the previous prices. Consequently, they provide high magnitudes of 
the rebound effect [13]. Our paper tackles this issue and tries to use a robust estimation method with 
a recent and high quality data. It remains that estimating the rebound effect is still not a simple 
process, especially if we want to take into account the entire effects (direct, indirect and 
transformational aspects).  
 
Since France is engaged in reducing its GHG emissions there is a strong need to reduce the 
consumption of residential electricity. Few papers have challenged to measure the rebound effect in 
France for the residential electricity consumption. Our paper aimed to fill this gap.  
 
Finally, it is worth mentioning that, the most important contribution of this paper is the incorporation of 
behavioral factors controlling for housing and household attributes in the model. In fact, occupant 
behavior constitutes a substantial research area for producing knowledge and enriching information 
needed for the improvement of energy efficiency schemes. For residential electricity demand 
reduction, a holistic approach of integrating the household behavior complexity is required that 
captures the salient drivers of energy efficiency to enable better assessment of energy-saving policy 
schemes. 
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Abstract 

In general, energy use in the commercial sector in Southeast Asian countries constitutes a small 
percentage of the total; however, residential energy use increased annually and will likely continue to 
rise due to higher living standards and economic growth. Nevertheless, data collection related to 
residential energy consumption is lagging behind in these countries, and understanding the state of 
consumption is challenging. 

Based on above mentioned backgrounds, this paper shows the collected detailed information about 
energy use per household as well as the penetration rate of major appliances and diffusion rate of 
energy-efficiency label in urban and suburban areas in Thailand, Vietnam and Cambodia based on 
personal interview surveys during 2015 to 2016. In addition, residential energy use in Japan is 
compared with the above-mentioned Southeast Asian countries, on the variance in household factors, 
housing, equipment ownership and ways of usage. 

Also, this paper presents the results of preliminary findings of electricity end-use measurements over 
the past four-month (from Sep. to Dec. in 2016) analysis, to explore the consumers' usage-related 
behaviors and day-to-day usage patterns of major appliances in 30 households of Bangkok.  

Introduction 

World emissions of CO2 are still increasing, with 40% of these arising from the residential and 
commercial building sectors. In particular, this trend is striking for emerging and developing countries 
in Asia. In order to curb increasing CO2 emissions in residential and commercial building sectors, 
encouragement of energy efficiency and introduction of renewable energy are essential. To advance 
these efficiently, after first understanding the actual situation of energy demand in detail, specific 
measures corresponding to the stage of development need to be implemented. 

In Japan, surveys of consumer energy consumption at the country-wide level are ongoing, and a 
related database has been established. For example, the Architectural Institute of Japan has 
implemented its Whole-country Survey on Residential Energy Consumption since 2003. Also, the 
Ministry of Environment of Japan carried out a pilot survey of actual conditions related to estimating 
household CO2 emissions from 2012 through 2013, and from 2014 through 2015, as part of the 
general statistical survey pursuant to the Statistics Act of Japan. Furthermore, building on these 
results, the full-fledged survey will be implemented at the national scale, starting in 2017. As for 
commercial buildings, the Committee on the DECC (Database for Energy Consumption of 
Commercial Building) Survey, under the auspices of the Institute for Building Environment and Energy 
Conservation (IBEC), carried out a nationwide survey, and published the DECC, as a national 
database based on actual conditions. The DECC has been utilized widely for policymaking and 
design, as well as for product development. 

On the other hand, existing data for actual conditions of civilian sector CO2 emissions in Southeast 
Asian countries is on the order of macro level data for emissions quantity by energy type that are 
obtained from international agencies and governments of the various countries. There are essentially 
no data for emissions by energy end-use, and no breakdowns for electricity consumption, which 
contributes a major share of CO2 emissions. Existing data for such factors as living standards, 
equipment ownership and ways of usage are also limited to what can be gleaned from macro level 
housing and equipment ownership data, without detailed data for the kinds of households living in 
various types of housing, and the ways in which various equipment and appliances are used. 
Furthermore, data are lacking that are needed in order to make climate change countermeasure 
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policies, such as energy efficiency performance of housing, currently owned equipment, and 
equipment to be purchased in the future. Therefore, the goals of this research are to construct a 
common database related to energy consumption in the civilian sectors in Southeast Asian countries, 
to construct a web-based platform that uses a numerical model to make future predictions and can 
vary the effectiveness of policies and measures corresponding to the stage of development, and to 
build a network of international researchers who use the platform. 

In this paper, we introduce and explain two studies done in order to collect data needed to perform 
factor analyses of energy consumption, analyze the structure of energy demand, forecast future 
energy consumption, and offer fundamental information for setting energy efficiency standards. These 
studies are a survey of actual conditions of residential energy use carried out from 2015 through 
2016, and a metering study begun in 2016 in order to understand the variation over time for electricity 
consumption of whole house, refrigerator, air conditioner, TV and others. 

Survey of actual conditions of residential energy use 

Survey overview 

The survey took place from 2015 through 2016 in major urban and suburban areas in Thailand, 
Vietnam, and Cambodia. A questionnaire survey was carried out in order to grasp actual conditions of 
household energy use, targeting about 1,640 households. 

Survey methods and survey categories 

When choosing subject households for the survey, we used the most appropriate and most realistic 
methods considering the circumstances of each country. For example, for Bangkok, we used the 
Primary Sampling Unit (PSU) method of dividing the region into areas of several hundred households, 
considering bias (sampling distribution) in the region. In this survey, using a stratified random sample, 
we chose approximately 20 PSUs as final survey regions, and from one PSU chose several tens of 
households to attain the desired sample size.  However, for regions without current statistical 
information, or places where it would be difficult to do surveys, such as urban centers with modern 
condominiums with high security measures or self-locking entries, where the cooperation of very 
wealthy urbanites could not be obtained. Snowball sampling (a method of at the time of recruiting 
subjects searching for other participants through relationships such as friends and acquaintances who 
meet participation conditions) was used for pre-recruitment (used in places where the emergence rate 

of participants was very low), selecting subject households while being mindful of bias in type of 
construction, and also preventing bias toward any one region. To further increase survey accuracy, an 
upper limit was set for the number of households a single investigator could visit. Therefore there 
were some regions with response rates of only a few percent, and often it took a great deal of time 
and labor to reach the target recovered sample size. The survey regions and survey scales are shown 
in Table 1. 

Table 1. Sample Size by Subject Region 

Region Country City Number of valid responses 

Urban 
Areas 

Thailand Bangkok (BKK) 300 households 
Vietnam Hanoi (HAN) 194 households 

Ho Chi Minh (HCM) 185 households 
Cambodia Phnom Penh  (PP) 280 households 

Other cities (Battamban&Kompong Cham) 40 households 
Sub-total 999 households 

Suburban 
Areas 

Thailand Samut Sakorn (SS)  150 households 
Ang Thong (AT) 104 households 

Vietnam Hoa Binh (HB) 110 households 

Me Linh (ML) 70 households 
Cambodia Kandal (KD) 170 households 

Other suburban areas 
(Battamban&Kompong Cham) 

39 households 

Sub-total 643 households 

TOTAL 1,642 households 
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For this study, investigators conducted field interviews lasting one to two hours to actually collect 

the data for those households where the following three criteria were met; (1) the head of 

household or spouse had access to records of and understood household expenditures, (2) 

electricity usage data for residential and commercial use could be distinguished, and (3) electricity 

usage data for the past several months could be found. Electric utilities in Thailand and Vietnam 

already provide web-based e-service, so customers, after entering their IDs and passwords, are 

now able to obtain their monthly electricity consumptions and amounts paid for the past 6 or 12 

months. For cases where the household did not know their past monthly electricity consumption, 

investigators used a letter of proxy, a method enabling investigators to access energy supplier data, 

monthly electricity usage and bill amounts for the household. In this way, it was possible to 

decrease the burden on respondents and obtain reliable data. 

As shown in Table 2, the questionnaire covered 7 major categories, including the household 

attributes, housing characteristics, conditions of electrical appliance ownership, usage and energy 

consumption, and lifestyle, with a total of 38 subcategories. Energy consumption data used for the 

2015 survey were from October 2014 to September 2015 (12 months), and for the 2016 survey 

were from September 2015 to September 2016 (13 months). 

Table 2. Survey Items 

Part Items 

Part 1: 
Identification of 
Household 

number of household members, age, gender, occupation, the days that 
people usually at home during the daytime on weekdays, annual income of all 
family members 

Part 2: Housing 
Characteristics 

building type, structure type of building, number of floors, gross floor area, 
established year, ownership, number of rooms 

Part 3: Energy 
Consumption  
and Energy Bills 

monthly energy use by fuel type, monthly energy bills by fuel type 

Part 4: Home 
Appliances and  
Electronics 

space cooling (room air-conditioning, fan, etc.), space heating (room air-
conditioning, heaters, etc.), home appliances (16 items), lighting, cooking 
equipment (IH), energy efficiency labels of 4 items 

Part 5: Hot Water type and number of water heating equipment, hours of use, bathing habits 

Part 6: Vehicles 
type and number and frequency of use of automobiles and 
motorbikes/scooters 

Part 7: Lifestyle 
and Behavior 

ways of keeping home cool, satisfaction with the indoor environment, 
willingness to buy energy-efficient home appliances in the future and 
problems when buying energy-efficient home appliances, energy saving 
behaviors 

 

Survey results 

Basic characteristics 

Family ties are strong in Southeast Asia, so there are many cases of multiple households (not just 

stem families, but households with siblings and other relatives among them, including domestic 

helpers and others) who may have migrated to urban areas for work living together. Because this 

large family system functions to some extent in all countries, the average household size is also large. 

In particular, there is a trend for urban households to have more members than households in 

suburban areas (Fig. 1).  

For all regions, a very high percentage of households have someone at home essentially every day. 

With strong family values in Southeast Asia, it is not unusual to have dual income families, but they do 

not necessarily commute to work at companies, working at home (there are also cases in which 

people bring work home), and it is not rare to take care of children and housework while running a 

business from home. When investigators made field visits, they often found that people had side 

businesses at home, such as sewing. 
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The average number of household members with employment is a little higher in urban areas than in 
suburban areas, but except for Cambodia, is less than 2 people per household, which differs from the 

perception that nearly every household has a dual income. Within Southeast Asia, household monthly 
income was highest in Thailand. In urban areas, Thai households had about 1.2 times the monthly 

 
Figure 1. Household Type, Number of Household Members and Frequency of 

Stay-at Home 

 
Figure 2. Number of People with Jobs and Household Monthly Income 

 

Figure 3. Housing Characteristics 
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income of Vietnamese households and about twice that of Cambodian households, but the gap 
between these and developed countries remain large. 

Although there is a recent trend in Southeast Asia toward increased construction of attached housing 
(such as condominiums), detached houses and townhouses are still common. There is little difference 
in average dwelling floor area in these countries from the average in Japan (100 m

2
), but the per 

person floor area is a small 17 to 33 m
2
, the lower end being half or less than the Japanese value of 

40 m
2
 per person (34 m

2
 in the large Kanto metropolitan area). The standard for floor area per person 

is low compared to Japan or Western countries due to a living environment with many household 
members. With the traditionally high value of family ties as well as migration of relatives to the large 
cities, it is also common in urban areas to have high numbers of adults living together in tight quarters, 
so these cannot be considered excellent living conditions (Fig. 3). 

Energy consumption per household  

The energy consumption values shown below in Fig. 4 to Fig. 5 are calculated from October 2014 to 

September 2015, excluding respondents for whom electricity and liquefied petroleum gas (LPG) 

consumption or the amount paid was unknown. Results comparing the countries in this study with 

developed countries, including Japan and other developed countries are shown here. 

Annual energy consumption in urban areas is around 20 GJ/household, except for Cambodia, and 

there is a difference on the order of a factor of two for consumption in suburban areas. Energy 

consumption in urban areas is about 40% larger than in suburban areas, and electricity consumption 

in suburban areas is about half of that in urban areas. Looking at the proportions of types of energy, in 

urban areas the amount of electricity consumed holds about an 80% share, which is about 10% 

higher than in suburban areas. When compared with developed countries, it is clear that electricity 

use in urban areas of Thailand and Vietnam are nearly the same as those in Japan, and exceed those 

in South Korea, England, and Germany. 

Among urban areas, Hanoi has the highest proportion of LPG and other fuels (except for Phnom 

Penh), using with 20% more than Bangkok and 50% more than Ho Chi Minh City. However, in Phnom 

Penh, portable gas cartridge stoves are often used, so the gas consumption shown here is almost all 

from those gas cartridges. In Cambodia explosions due to leaks from LP gas canisters occur 

frequently, people do not like to use LP gas canisters, and consumers prefer gas cartridge stoves. 
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Furthermore, in Cambodia the proportion of energy from other fuels, including charcoal and firewood, 

is very high compared to Thailand and Vietnam. 

Looking at end uses, in all regions lighting and plug loads holds the largest share. In Thailand and 

Vietnam, this end use is 60% or more of total electricity usage. In Japan it was 13.8 GJ/household for 

2014, so it can be seen that urban areas in both Thailand and Vietnam have reached the same level 

of demand as Japan, and suburban areas are at about half that level. 

The urban area with the highest proportion for cooling energy use is Ho Chi Minh City, followed by 

Hanoi and then Bangkok. Cooling demand in Japan was 0.6 GJ/household in 2014, and even when 

compared with Japan's 1.3 GJ/household (for the extremely hot 2010), it is clear that cooling demand 

in Thailand and Vietnam, in urban areas and even in suburban areas, has reached a level where it 

cannot be ignored. Cooling energy consumption in Ho Chi Minh City has reached the level of twice 

that in Okinawa. We believe that the reason cooling energy consumption in Hanoi exceeds that of the 

hotter Bangkok is the high penetration rate of air conditioners in the subject households in Hanoi. As 

Murakoshi and others (2017) discuss, cooling loads are extremely high, but because the operating 

environment (inappropriate sizing of the unit relative to the space to be cooled, surfaces that hold 

heat, etc.) of the AC is not one that is conducive to running the AC efficiently, unhealthful and 

uncomfortable conditions persist during the day and at night. 

The amount of energy used per household for cooking in urban areas of Thailand and Vietnam is in 

the same range as in Japan, which averaged 2.8 GJ/household in 2014. In both Thailand and 

Vietnam it is said that eating out is very common because there are many dual income families and 

meals at street stalls are very cheap. But various reasons are given for increased cooking energy 

usage, such as large household size, the very high proportion of households with somebody at home 

during the day, and in recent years, increasing awareness of food safety and health issues. 

The penetration of electric water heaters is low, so very little energy is used for water heating. 

Similarly, although there is some space heating energy consumption in Hanoi and its surrounding 

farming village, these amount to a tiny 0.4% and 0.2% of total energy use, respectively, which is also 

due to an abnormally warm winter in 2014. 

 
Penetration rates of major household electrical appliances 

The household penetration rate for air conditioners in urban areas is highest in Hanoi, at 95%, 

followed by Ho Chi Minh City and Bangkok, with rates of 60 to 40% respectively, while in urban 
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Cambodia only 20% to 40% of households have air conditioner. However, for surrounding farming 

villages in nearly all regions, the rate is around 20% of the subject households. Everywhere there are 

2 to 3 fans in use per household. 

As for lighting, the household penetration rate of fluorescent lights is near 100% (a household has at 

least one bulb of this type). In Vietnam many incandescent lights are also used, but on the other 

hand, the household penetration rate of LED lights is the highest of the three countries. According to 

Electricity of Vietnam (EVN), the utility aims to have customers realize for themselves the energy 

efficient performance of LED lights and have more consumers buy them on their own. At present, 

EVM has a project targeting 300,000 low-income households that use incandescent lights, with free 

distribution of CFL and LED lights. Further, EVN is planning to carry out a 3-year pilot project starting 

in 2017 on a national scale, targeting 100,000 households annually to substitute 10 to 15 LED bulbs 

(EVN will cover 50% of the cost of LED light fixtures and the whole cost of installation). 

Table 3. Household Penetration Ratio and Appliance Penetration Ratio of Home Appliances in 
Urban Areas 

 

 

HP

(%)
AP (unit)

HP

(%)
AP (unit)

HP

(%)
AP (unit)

HP

(%)
AP (unit)

HP

(%)
AP (unit)

Wall-mounted type 42% 0.6 65% 1.2 95% 1.8 26% 0.4 48% 0.7

Floor-standing type 1% 0.0 2% 0.0 1% 0.0 1% 0.0 0% 0.0

Stand fans 100% 3.0 95% 2.7 99% 2.7 96% 2.8 80% 2.1

Ceiling fans 32% 0.4 22% 0.3 62% 0.7 21% 0.3 63% 1.2

Incandescent light bulbs 3% 0.1 59% 1.9 37% 1.7 6% 0.2 10% 0.2

Fluorescent light bulbs 100% 6.7 95% 8.3 97% 7.8 96% 5.7 70% 2.3

LED light bulbs 3% 0.1 21% 1.8 25% 1.5 4% 0.1 0% 0.0

Electricity water heaters 9% 0.1 36% 0.6 95% 1.4 5% 0.1 13% 0.2

Solar Water heaters 0% 0.0 8% 0.1 4% 0.1 0% 0.0 0% 0.0

OT 0% 0.0 0% 0.0 0% 0.0 0% 0.0 0% 0.0

LPG cooking stoves 77% - 96% - 82% - 50% - 75% -

Gas cartridge stoves - - - - - - 53% - - -

IH stoves 12% - 49% - 46% - 0% - 5% -

Kerosene stoves 0% - 1% - 0% - 0% - 0% -

Charcoal/Firewood stoves 0% - 1% - 2% - 41% 0.5 53% 0.7

Flat-screen TV sets 54% 0.8 84% 1.3 94% 1.8 48% 0.7 53% 0.7
CRT based

television sets
63% 1.0 33% 0.5 28% 0.3 60% 0.7 65% 0.8

Refrigerators with freezer 87% 1.0 97% 1.1 99% 1.1 53% 0.6 70% 0.7

Refrigerators without freezer 1% 0.0 2% 0.0 1% 0.0 8% 0.1 0% 0.0

Freezers 0% 0.0 1% 0.0 1% 0.0 0% 0.0 0% 0.0

TV game consoles 3% 0.0 5% 0.1 3% 0.0 2% 0.0 0% 0.0

Video/DVD players 30% 0.3 62% 0.7 49% 0.6 25% 0.3 5% 0.1

Electric kettles 3% 0.0 69% 0.8 73% 0.7 10% 0.1 5% 0.1

Electric pots 67% 0.7 9% 0.1 21% 0.2 11% 0.1 3% 0.0

Microwave ovens 35% 0.4 41% 0.4 80% 0.8 3% 0.0 5% 0.1

Irons 96% 1.0 97% 1.1 93% 1.1 58% 0.6 40% 0.4

Vacuums 6% 0.1 18% 0.2 46% 0.5 1% 0.0 0% 0.0

Washing machines 58% 0.6 89% 0.9 95% 0.9 34% 0.3 38% 0.4

Electric rice cookers 89% 0.9 100% 1.1 100% 1.0 80% 0.8 73% 0.8

Dishwashers 0% 0.0 2% 0.0 4% 0.0 0% 0.0 0% 0.0

PCs 42% 0.5 80% 1.2 86% 1.2 35% 0.5 10% 0.1

Water pumps 3% 0.0 36% 0.4 81% 0.8 1% 0.0 0% 0.0

Electric water servers 1% 0.0 32% 0.6 44% 0.8 3% 0.0 0% 0.0

Mobile phones 98% 3.6 98% 3.7 97% 3.1 91% 4.1 98% 4.8

Private power generators 2% 0.0 2% 0.0 11% 0.1 1% 0.0 0% 0.0

Hair dryers 17% 0.3 54% 0.7 93% 1.1 19% 0.2 3% 0.0

Note: BKK (Bangkok) HP (Household penetration) AC (Air-conditioning) IH (Induction heating)

HCM (Ho Chi Minh) AP (Appliance penetration) FA (Fan) TV (Television)

HAN (Hanoi) LT (Lighting) RE (Refrigerator)

PP (Phnom Penh) LED (Light emitting diode) ET (Entertainment)

WH (Water heating) SKA (Small kitchen appliance)

CK (Cooking) WG (White goods)

CK

T

V

R

E

E

T

S

K
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WH

AC

FA

Home Appliances

City BKK(n=300) HCM(n=185) HAN(n=194) PP(n=280) other cities(n=40)

Nation Thailand Vietnam Cambodia

Category Urban Area
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The main cooking appliance is the gas burner; on the other hand, it seems that induction heating (IH) 

burners are also spreading, particularly in Vietnam, where 50% of households in the 2016 survey 

have IH burners. 

The spread of flat screen TVs has been rapid, with the household penetration rate in Vietnam being 

similar to that in Japan, which is much higher than Thailand and Cambodia. In Thailand and 

Cambodia, there are still many CRT TVs left. 

The household penetration of refrigerators and rice cookers, except for in Cambodia, is nearly 100%, 

no different from developed countries. Personal computers in urban areas of Vietnam are at the same 

household penetration rate as in Japan, but in other areas it is below 50%. As for cell phone 

possession, at about 3 or 4 phones per family, it is similar to Japan, where there is about 1 phone per 

person. 

Table 4. Household Penetration Ratio and Appliance Penetration Ratio of Home Appliances in 
Suburban Areas 

 

 

HP

(%)
AP (unit)

HP

(%)
AP (unit)

HP

(%)
AP (unit)

HP

(%)
AP (unit)

Wall-mounted type 28% 0.4 54% 0.8 28% 0.5 23% 0.2

Floor-standing type 2% 0.0 2% 0.0 0% 0.0 0% 0.0

Stand fans 100% 2.5 100% 2.7 98% 2.8 79% 2.8

Ceiling fans 14% 0.2 37% 0.4 19% 0.3 59% 1.4

Incandescent light bulbs 2% 0.0 39% 0.7 6% 0.2 18% 0.3

Fluorescent light bulbs 100% 5.7 94% 4.5 93% 5.0 64% 2.2

LED light bulbs 1% 0.1 56% 2.4 5% 0.2 0% 0.0

Electricity water heaters 13% 0.1 81% 1.1 6% 0.1 3% 0.0

Solar Water heaters 0% 0.0 33% 0.3 0% 0.0 0% 0.3

OT 0% 0.0 0% 0.0 0% 0.0 0% 0.0

LPG cooking stoves 87% - 99% - 51% - 87% -

Gas cartridge stoves - - - - 45% - - -

IH stoves 11% - 51% - 1% - 0% -

Kerosene stoves 0% - 0% - 1% - 0% -

Charcoal/Firewood stoves 19% 0.2 19% 0.2 36% 0.5 62% 1.1

Flat-screen TV sets 53% 0.7 89% 1.5 42% 0.7 59% 0.6
CRT based

television sets
57% 0.7 16% 0.2 72% 0.9 56% 0.8

Refrigerators with freezer 97% 1.0 100% 1.0 50% 0.5 64% 0.7

Refrigerators without freezer 0% 0.0 0% 0.0 2% 0.0 0% 0.0

Freezers 0% 0.0 3% 0.0 0% 0.0 0% 0.0

TV game consoles 2% 0.0 0% 0.0 0% 0.0 0% 0.0

Video/DVD players 31% 0.3 44% 0.5 24% 0.4 0% 0.0

Electric kettles 14% 0.1 71% 0.7 8% 0.1 10% 0.1

Electric pots 49% 0.5 9% 0.1 7% 0.1 0% 0.0

Microwave ovens 25% 0.3 54% 0.5 2% 0.0 3% 0.0

Irons 88% 0.9 79% 0.8 50% 0.6 54% 0.5

Vacuums 9% 0.1 13% 0.1 0% 0.0 0% 0.0

Washing machines 66% 0.7 66% 0.7 25% 0.3 28% 0.3

Electric rice cookers 98% 1.0 100% 1.1 79% 0.9 82% 0.9

Dishwashers 0% 0.0 0% 0.0 0% 0.0 0% 0.0

PCs 30% 0.3 58% 0.9 26% 0.3 8% 0.1

Water pumps 2% 0.0 42% 0.4 6% 0.1 8% 0.1

Electric water servers 1% 0.0 62% 0.9 1% 0.0 3% 0.0

Mobile phones 98% 2.7 99% 3.6 97% 4.1 100% 4.5

Private power generators 1% 0.0 22% 0.2 1% 0.0 0% 0.0

Hair dryers 15% 0.2 70% 0.7 6% 0.1 10% 0.1

Note: BKK_SA (Bangkok's suburban area) AC (Air-conditioning) IH (Induction heating)

HAN_SA (Hanoi's suburban area) FA (Fan) TV (Television)

PP_SAs (Phnom Penh's suburban areas) LT (Lighting) RE (Refrigerator)

other SAs (other suburban areas in Cambodia) LED (Light emitting diode) ET (Entertainment)

HP (Household penetration) WH (Water heating) SKA (Small kitchen appliance)

AP (Appliance penetration) CK (Cooking) WG (White goods)
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W
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As for other appliances, the household penetration rate for irons is very high, exceeding 90% in urban 

areas except for Cambodia. Other appliances with high penetration rates are clothes washing 

machines and electric kettles or electric hot water pots. In all regions of Vietnam water pumps and 

water dispensers had high penetration rates. On the other hand, it seems that in each country 

vacuum cleaners and dishwashers have not yet spread. 

Below, we discuss specifics of two appliances that, among others, are relatively high users of 

electricity:  air conditioners and refrigerator-freezers.  

 

Air-conditioner (wall-mounted type) 

For the first wall-mounted air conditioner unit (in households with multiple units, the one used the most 

frequently, for the longest hours), those manufactured in 2006 or later have very high shares in nearly 

all regions. Cooling set temperatures are 23 to 25°C in all regions except Hanoi, with many regions 

have somewhat lower set temperatures than the common set temperature in Japan (27°C). 

As for cooling capacity, in Bangkok and Ho Chi Minh City, which are hot year round, the 3.6 to 4.0 kW 

class has the largest share, while in Hanoi 80% of units are less than 3.6 kW. In Phnom Penh, 2.2 to 

2.5 kW units make up by far the largest share. 

In Southeast Asian countries, non-inverter AC are still most prevalent. Currently, they are inexpensive 

compared to inverter AC (in Thailand, inverter AC is about 30% more expensive than non-inverter 

AC), and there is also demand to cool a room in a short time in one blast, so a fixed speed non-

 
Figure 6. Manufacture Year and Cooling Set Temperature of First Wall-mounted AC 

 
Figure 7. Cooling Capacity of First Wall-mounted AC 
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inverter type is chosen. However, in recent years, inverter AC seems to be spreading. Among the 34 

households in Bangkok having AC among the 2016 survey participants, half said they were using 

inverter AC. It is reported that, in Vietnam, the government recommends inverter AC and the 

penetration rate is over 25%.  

Refrigerator 

For refrigerator-freezers also, the highest share in use in nearly all regions are those from 2011 or 
later, and with more than half are older than 2006. In general, in all regions, the non-inverter type with 
internal volume in the 200 liter class predominates, with essentially no adoption of models with 
advanced energy efficiency technology. For the 2016 survey subjects, in Hanoi and its surrounding 
area, 40 to 50% of households have refrigerator-freezers of internal volume 400 liter or larger. 
Considering consumer priorities at time of purchasing refrigerators (Fig. 9), we can see a trend for 
Hanoi consumers to place a high priority on basic refrigerator functions like size and volume. 

 
Figure 8. Manufacture Year and Internal Volume of First Refrigerator-freezer 

 
Figure 9. Priorities at time of Purchasing Home Appliances 
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Priorities at time of purchasing household electrical appliances 

Consumer priorities at the time of purchasing household electrical appliances are shown in Fig. 9. 
There is not such a large difference across appliances. Except in Phnom Penh, price, brand, and 
energy efficiency performance are the highest priorities. 

Household electrical appliance energy efficiency standards and labeling systems 

Table 5 shows the energy efficiency standards and energy efficiency labeling systems that apply to 
home electrical appliances for each country. In Thailand, a system of energy efficiency standards and 
labeling has been introduced, under the jurisdiction of the Department of Alternative Energy 
Development and Efficiency (DEDE), the Electric Generating Authority of Thailand (EGAT), and an 
umbrella organization for Thai industry, the Thai Industrial Standards Institute (TISI). There are three 
types of energy efficiency standards: mandatory Minimum Energy Performance Standards (MEPS), 
voluntary MEPS, and voluntary High Energy Performance Standards (HEPS). MEPS use the bottom 
3% while HEPS use the top 20% of products on the market as standard values. In Thailand's 20-Year 
Energy Efficiency Development Plan: 2015-2036 (EEDP), the featured policy for the residential sector 
has the goal of reaching energy savings of 1,753 kilotonne of oil equivalent (ktoe) through advancing 
home electrical appliance energy efficiency standards and a labeling system (MEPS and HEPS). This 
savings target is 81% of the total energy savings goal for the residential sector (2,153 ktoe). 

In Vietnam, MEPS and an energy efficiency labeling system are being advanced gradually, under the 
jurisdiction of the Ministry of Industry and Trade (MOIT), Ministry of Science and Technology (MOST), 
and the Directorate for Standards, Metrology and Quality (STAMEQ). The MEPS applying to home 

Table 5. Household Electrical Appliance Energy Efficiency Standards and Labeling Systems 

Country Energy efficiency standards Energy efficiency labels 

Thailand 

 MEPS (voluntary): lighting, 3-phase motor, LP 
stove, insulation, etc. 16 items 

 MEPS (mandatory): AC, refrigerator 
 HEPS (voluntary):AC, refrigerator, fan, rice 

cooker, water heater, pot, glass, etc. 

 EGAT (voluntary): TV, PC monitor, 
pot, refrigerator, AC, Fluorescent 
lamp (ballast), T5 Fluorescent lamp, 
fan, CFL, rice cooker, etc. 19 items 

 DEDE (voluntary): insulation, multi-
layered glass, etc. 8 items 

Vietnam 

 MEPS (mandatory): AC, refrigerator, fan, TV, 
washing machine, rice cooker, lighting, etc. 

 60W or higher incandescent bulbs and frosted 
traditional bulb can’t be sold in the market. 

 Mandatory: straight tube fluorescent 
lamp, CFL, electronic ballast, AC, 
refrigerator, washing machine, rice 
cooker, fan, TV, etc. 

Cambodia none none 

 

 
Figure 10. Penetration Rate of Energy Efficiency Labels for the Main Home Appliances 

Note: the figure above shows the results of the survey in  2016. 
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electrical appliances was made mandatory from January 2014, and from January 2013 the 
production, import, and sales of incandescent light bulbs of 60W or higher power has been prohibited. 
In addition, mandatory energy efficiency labels have been phased in over the same period. In 
Cambodia, there are no energy efficiency standards or labeling systems for appliances at present. 
Because many home appliances are imported from Thailand, China and other countries, the label 
from the country of origin is often translated into Khmer, and pasted on the appliance. 

The penetration rate of energy efficiency labels for the main home electrical appliances is shown in 
Fig. 10. Among the energy efficiency labels, Thailand's label shown here indicates No.5 (called Label 
No.5

155
), and Vietnam's range from 1 to 5 stars are intermingled. The rates for energy efficiency labels 

in Cambodia refer to the proportions of appliances that have labels posted among those imported 
from various countries and the breakdown shows that they were nearly all imported from Thailand. 
Fig. 10 shows that, in Thailand air conditioners are the appliance with the highest label penetration 
rate, remaining at almost 100% level. Among domestically sold air conditioners in Thailand from 2009 
to 2012, it is said that 87% were Label No.5 products. In Vietnam, among labeled AC, levels 4 and 5 
taken together accounted for slightly less than 70%. Among products with energy efficiency labels in 
Phnom Penh, nearly all were imported from Thailand, while in the surrounding regions products 
imported from China and other countries have spread. 

Hourly metering survey of whole house and major appliance electricity 

Metering study 

The purpose of the metering survey is to understand variations over time in electricity consumption of 
the whole house and major household appliances, such as the refrigerator, air conditioner, and TV, 
and is ongoing from 2016 through 2017. The goal is to provide basic information for setting appliance 
efficiency standards and for analysis of the influence of increasing energy demand and increasing 
numbers of home electrical appliances on load curves. The subject regions are Bangkok, Hanoi, and 
Phnom Penh. In this paper we introduce results that are available at present, collected from 30 
households in Bangkok over 4 months from September to December, 2016. 

Survey method 

The metering survey in Bangkok uses meters and a metering system developed by specialists at 

Thailand's Chulalongkorn University for 30 households in the city that have one or more wall-mounted 

air conditioners. It measures time-resolved electricity consumption (at one-minute intervals) of the 

whole house and major appliances by installing meters at major household electrical appliances (AC, 

refrigerator, TV, water heater, and others) and at the distribution board. The metering system enables 

remote data collection via the internet and allows metering results for each household to be viewed 

from a dedicated website. 

Data for the whole house and for one air conditioner can be collected for all households. The other 
major electrical appliances for metering are selected after confirmation by site visits to the 

                                           
155 In Thailand, the efficiency scale on the energy label ranges from 1 to 5, with 3 as the average and 5 as the most efficient. 

For example, if the cooling capacity of R-AC is below 8 kW, EER (energy efficiency ratio) of No.5 is 11.6 Btu/Wh (c.a 3.4 
kW/kW).   

  
Figure 11. Metering System and Dedicated Website Used in Bangkok  
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households. For each household a total of 5 points can be metered, so besides the first AC unit and 
the whole house, three other appliances, including a second AC unit are metered. The overall 
measurement locations and number of metering points are shown in Table 6  
Meanwhile, to understand variations in temperature and humidity in rooms with AC metering, 
temperature and relative humidity are monitored. The temperature and humidity meter feeds into the 
same metering system, and those data can also be gathered and viewed remotely via the internet. 
The measurement interval is one minute, the same as for the electricity. 
 

Survey results 
Air Conditioner 

Here we focus on reporting the AC metering results measured in all 30 households with 46 units in 
total in Bangkok. Figure 12 shows AC and whole-house electricity consumption, and the relative 
share of AC in whole-house consumption, with results of households in which a single AC was 
metered shown separately from those in which two ACs were metered. The average monthly 
electricity consumption for all 30 households is 367 kWh, nearly the same level as previous research 
results (348 kWh) in 2015. Households with only one AC had total monthly average electricity 
consumption about 40% lower than households with multiple AC units, and the AC used 42% of total 
electricity. This is essentially the same share used by air conditioning in households with two AC units 
(46%). The average monthly consumption of the 46 AC units metered was 78 kWh each, which is 
more than twice the monthly average electricity consumption per AC unit in Japan (the average value 
for 36 households in the Tokyo area during the August cooling season was 32 kWh/month per unit). 

Based on the AC energy consumption per unit in each household, we sorted the households into 

three consumption categories: high, typical, and low consumption households, defined as follows.  

Typical consumption households are those with AC consumption per unit from 90% to 110% of the 

average value for all 30 households. High consumption households have a unit consuming 20% or 

more above the typical household range. Low consumption households have units consuming 20% or 

more below the typical household range. Fig. 13 shows the results of analysis of average daily 

consumption patterns during the measurement period for the three types of households. We have 

sorted the time periods into sleeping, getting up, work, and others, based on the daily living pattern, 

gathered by questionnaire. All household types use air conditioners more at night than during the day, 

and the difference in consumption for the two periods was 13 times for high, 3 times for typical, and 4 

times for low consumption households. In particular, high-consumption households' AC electricity 

consumption during sleeping is twice that of typical consumption households, and 5 times that of low 

consumption households. Among the low consumption households, there are cases in which even 

though they have an AC, users with a strong sense of frugality will not use it, even while thinking that 

it's difficult to fall asleep. 

Table 6. Number of Measured Points by Each Appliance 

Measured appliances Number of measured 

points 

Whole house 30 

Home 
appliance 

Wall-mounted AC 46 

Fan 5 

TV 5 

Refrigerator 11 

Electric water 
heater 21 

Water pump 3 

Micro-wave oven 3 

Washing machine 7 

Lighting & 
others 

Lighting 13 

Lighting & plug 
load 6 

Indoor temperature 30 

Indoor humidity 30 
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Figure 12. Whole-house Electricity Consumption and the Relative Share of Metered AC Units 

 

Figure 13. Average Daily Consumption Patterns of Metered AC Units  
by Different Type of Household 

Note:  These results are abstracted and totaled from only those households (with 1 metered unit 
and 2 metered units) for which all AC units could be metered. The colored lines represents different 
AC unit 
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When we consider differences in AC usage patterns between weekdays and weekends for high and 

low consumption households (Fig. 14), all households use a little more during the daytime on 

weekends than weekdays. The reason for this is the likelihood that more people are home during the 

days on weekends than on weekdays. Children are home on weekend days, and during site visits 

researchers learned that AC is used at naptime and other times.Fig. 15 shows the average indoor and 

outdoor conditions and times of AC use for one undisclosed household over the 4-month period. 

During AC operating time, the room temperature is decreased from the initial 26°C to 23°C, and 

relative humidity decreases from 75% to 64%. Although there is some AC use during mid-day, 

because it is only used briefly and temporary, it does not seem to change the indoor conditions. Even 

though the room temperature when the AC is not in use is a not so high 26°C, the relative humidity in 

the room stays constant at 76%, maintaining an uncomfortable indoor environment throughout the 

day.  

 

Other appliances 

The usage patterns of other major appliances are shown in Figure 16. Of the various appliances, 

refrigerators have the highest per unit electricity consumption, at 1.5 kWh/day. The average internal 

volume of the 11 refrigerators that were metered is 250 liter. Comparing to the fewer than 300 liter 

products in Japan, it consumes about 20% more electricity. 

 

Figure 14. AC Usage Patterns between Weekdays and Weekends for High and Low 
Consumption Households 

 

Figure 15. Relation between Average Indoor and Outdoor Conditions and  
Times of AC Use Consumption Households 

Note:  This shows the average conditions over 4 months for an undisclosed household. 
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After the refrigerator, the next highest electricity consuming appliances are, in order, fans, TV, and 

water heater/water pump. When consumption from all these is added up it comes to about 1.0 

kWh/day. But considering that one household uses on average 3 or 4 fans nearly around the clock to 

keep cool, it is reasonable that fans are the next highest energy consuming appliance, behind AC and 

refrigerators. Because only 5 TVs were metered, this is in no way a definitive result, but looking at the 

daily pattern of use, it seems that the TV is on for a period after getting up, and then in the evening 

after returning from work, until before bedtime. It can be inferred from Fig. 16 that a hot water shower 

is taken once after waking up and once at night. The water pump needs to be used to siphon water 

from the water storage tank on the roof, so the water pump is used together with the electric water 

heater. On the other hand, the clothes washer and microwave oven are used less frequently than in 

Japan, so they consume quite a bit less electricity. As for the times of use, the washing machine is 

used from morning through midday, and naturally, the microwave is used at times corresponding to 

mealtimes. 

 
Figure 16. Usage Patterns of Other Major Appliances 

Note: Due to the small sample sizes, please use with appropriate consideration.  
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Conclusions 

In this paper we have introduced the results of a survey of actual conditions of residential energy 
consumption in urban areas and suburban area (surrounding farming villages) in Thailand, Vietnam 
and Cambodia. We also introduced preliminary results from a metering study to investigate variations 
over time in electricity consumption of the whole house, AC, refrigerator, TV, and other major 
household electrical appliances. 

It is generally thought that residential energy consumption in Southeast Asia is lower than that in 
developed countries.  However, this is due to the absence of heating demands like space heating and 
water heating, and when cooling, lighting and plug loads, and cooking demands are compared; 
households in urban areas in Thailand and Vietnam have already reached levels exceeding Japan 
and other developed countries as shown in Fig. 3. However, energy efficiency performance of 
housing and household electrical appliances is low, without sufficient systems in place to spread the 
newest energy efficient technologies. Future economic growth and the trend of urbanization invite 
further increases in energy consumption in the region. Therefore, the introduction and expanded 
adoption of energy efficient technologies in Southeast Asia is an urgent issue, as there is a need to 
curb the increase in residential energy consumption in the applicable countries. 

Penetration rates for various kinds of home electrical appliances, such as room air conditioner, TV, 
refrigerator, iron, rice cooker, etc. are becoming high but the share of appliances with posted energy 
efficiency labels is still low. From this we think there is a great need to strengthen appliance energy 
efficiency standards and encourage energy efficiency labeling. 

Furthermore, the thermal environment (indoor temperature and humidity) in many dwellings is notably 

poor, and both during the day and at night they cannot be considered places to lead a comfortable 

and healthy life. According to our metering survey, AC is mostly used at bedtime, but there are cases 

in which even though they have an AC, users with a strong sense of frugality will not use it, even 

while suffering through the night, as a result, unhealthful and uncomfortable conditions are still often 

normal during the day and especially at night. In that sense, air conditioners with inverter technology 

can help in significant savings in electricity bills and can improve indoor environment to create a more 

comfortable environment that people needed. After the room air-conditioners, refrigerators have the 

highest per unit electricity consumption, and comparing to the fewer than 300 liter products in Japan, 

it consumes about 20% more electricity. The next highest electricity consuming appliances are, in 

order, fans, TV, and water heater/water pump, especially if we consider that one household uses on 

average 3 or 4 fans nearly around the clock to keep cool, it is reasonable that fans are the next 

highest energy consuming appliance, behind AC and refrigerators. Because only 5 TVs were 

metered, this is in no way a definitive result, but looking at the daily pattern of use, it seems that the 

TV is on for a period after getting up, and then in the evening after returning from work, until before 

bedtime. On the other hand, the clothes washer and microwave oven are used less frequently than in 

Japan, so they consume quite a bit less electricity. As for the times of use, the washing machine is 

used from morning through midday, and naturally, the microwave is used at times corresponding to 

mealtimes. 

Residential energy use in Southeast Asia is expected to increase with future improvements in living 
standards, and effective energy efficiency measures must be taken. This research lays part of the 
groundwork, aiming to expand the research, build a database platform, and deepen collaboration with 
local experts. Ultimately, by investigating measures that are appropriate for each country's actual 
conditions, it aims to make an effective international contribution. As a part of that, the detailed data 
for household types, housing characteristics, equipment possession, and ways of using major 
household electrical appliances that were obtained in this study are essential for understanding the 
energy efficiency performance of housing, of existing appliances, and of appliances to be introduced, 
to developing and proposing energy efficiency measures, and at the same time as understanding the 
actual conditions of energy use, carrying out analysis of contributing factors. 
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Why do consumers in Europe not use an automatic dishwasher to 
clean their dishes? 
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Introduction 

The residential sector especially affects the environmental impact through the daily decisions of 
household members, for example, regarding which goods and services to buy and to use, whether to 
recycle waste or not, and how much water and energy to consume for daily household tasks. 
Resource-consuming household tasks contribute to the daily residential water and energy demand. 
Dishwashing still remains a frequent household task that needs to be done as a daily routine in most 
private households. Its resource consumption depends on whether it is done by hand or by using a 
machine and how it is done in detail. 

There is generally very limited data available about the actual domestic water consumption for 
dishwashing. The first consumer tests were conducted by Luecke (Luecke 1971) and Gudd, Kionka 
and Schmitz-Plaskuda (Gudd, Kionka and Schmitz-Plaskuda 1993). Both investigations analysed the 
resource consumption of manual and automatic dishwashing with a comparable approach. The first 
sophisticated analysis of both manual and automatic dishwashing habits and data measurements was 
carried out by Stamminger et al. (Stamminger et al. 2007) in the form of a laboratory study with 
consumers. Preliminary insights were gained on the water and energy consumption, time, detergent 
use and cleanliness when washing up by hand, depending on cultural patterns, with a panel of 113 
participants from ten European countries and regions. All participants were provided with the identical 
amount of dirty dishes to be washed manually. In addition, the same amount of dishes provided for 
the consumer tests were washed in an automatic dishwasher. The study concluded that dishwashers 
reach at least the same cleaning performance as almost any test person, but need considerably less 
water. Variations among consumers regarding resource consumption and cleanliness data were 
explained by the presence of different washing-up techniques and habits, such as soaking, clever 
water management or usage of dishwashing utensils. The most prominent difference of dishwashing 
behaviour is if the washing up is done in water filled in a basket or bowl or if the washing up is done 
under running water. Comparing both groups of consumers it could be shown that washing up under 
running water takes more than three time as much water as washing up in a sink or bowl 
(Stamminger, 2008). 

As those studies were laboratory studies under well-defined conditions, Richter  (Richter 2010b) 
extended the knowledge about dishwashing by conducting an in-house consumer survey with 200 
households in four European countries. Manual dishwashing patterns and the usage of automatic 
dishwashers were analysed with the help of dishwashing diaries and pictures of loaded machines. 
Additionally, calculations of water and energy demand for manual dishwashing and pretreatment 
patterns for automatic dishwashing were conducted in 82 households supported by webcam 
observations and detailed resource consumption measurement. The findings of this study supported 
the higher resource efficiency of a dishwasher compared to manual dishwashing (Richter 2011). 
However, the consumer behaviour observed revealed that an even more sustainable usage of the 
dishwasher was possible. Almost all households with a dishwasher pretreated their dishes before 
loading them into the machine, which resulted in additional water use of up to 20 litres on average per 
dishwasher cycle. Baskets were found to be incompletely filled in 20 % of the dishwasher cycles. 
Consumers were mostly in favour of using programmes with higher temperatures. Thus, they were 
likely to use more energy than stated on the energy label (Richter 2010a, Richter 2011). In these 
studies, Richter also collected empirical data about the general water usage at the kitchen sink in four 
European countries. Thereby, manual dishwashing was found to be the largest average water 
consumption in all countries by far, with an average water use of 10.9 litres per capita per day (Richter 
and Stamminger 2012).  

An early ethnographical investigation of consumer behaviour about the energy usage for different end 
use patterns, such as dishwashing, was carried out by Wilhite et al. (Wilhite et al. 1996). Culture-
dependent differences were analysed in private households in Japan and Norway – two developed 
countries with similar levels and patterns of material culture, but with different cultural traditions. The 
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research found significant contrasts in dishwashing habits. Norwegian households tended to wash up 
in a water-filled sink with diluted soap. Japanese households left the water running instead while 
washing up, as this was the most convenient way to clean dishes in a small kitchen area. Emmel et al. 
(Emmel, Parrott and Beamish 2003) report that automatic dishwashers are labour-saving and 
resource-efficient. They also report that water and energy are wasted because of the poor 
dishwashing habits and practices of many consumers. Through education, consumers can learn to 
use these appliances effectively, actually save time and reduce the waste of water and energy. Many 
consumers, for example, pre-rinse their dishes in a sink before placing them into a dishwasher. 
However, the problem, according to the authors, is to be seen more on the consumers’ side, as 
people still fail to maximize current dishwasher technologies to increase performance by reducing 
resource consumption simultaneously.  

This is investigated in detail by the work of Abeliotis, Dimitrakopoulou and Vamvakari (2012) who 
researched the attitudes and behaviour of consumers regarding dishwashing in Patras, Greece. 
Despite the presence of a dishwasher, manual dishwashing is still done frequently in the households 
of Patras. A total of 57.3 % of those who own a dishwasher wash dishes manually when they need 
them immediately. Moreover, 38 % of those who own a dishwasher wash the dishes manually when 
there are few dishes to be cleaned. Most of the respondents (53 %) wash their dishes under running 
water. The authors additionally state that even dishwasher owners have certain habits that differ from 
the proper practices of automatic dishwashing. Consumer education and training on resource-saving 
tips are practically missing from the mainstream Greek household culture. 

Hence, research was needed on how to optimise manual dishwashing habits to achieve the best 
possible cleaning result with a minimum input of resources. Fuss and Stamminger (2012) developed a 
manual dishwashing process that fulfilled these requirements in an experimental multi-factorial 
laboratory study (Fuss et al. 2011). It was concluded that the best practice applicable is a process 
consisting of soaking, main washing in one sink, and rinsing in a second sink. The main influencing 
factors for the cleaning result are the number of water changes in both sinks and the amount of 
detergent used. In the second part of the study (Fuss and Stamminger 2012), the experiment-based 
knowledge was combined with other dishwashing tips to develop Best Practice Tips for manual 
dishwashing. The research showed that resource savings are possible with the Best Practice Tips 
being applied by consumers when a large number of dishes need to be washed. Water consumption 
decreased by 38 % and heating energy demand by 36 % on average when applying the new 
practices (Fuss and Stamminger 2012). 

All of this shows that there is a large influence of consumer behaviour on the resource consumption of 
owners and non-owners of automatic dishwashers. Therefore, it was the task of this paper to explore 
what kind of habits and intentions of consumers in Europe can be identified which restrict the 
consumer from using an automatic dishwasher, either not buying one or not using it, although it is 
available in the household. This should be carried out on a representative level with a sufficiently high 
number of participants to avoid conclusions being taken on a statistical basis that is too small. The 
question may be answered from different perspectives: Why do owners of an automatic dishwasher 
not use it properly and what arguments do non-owners have for not buying one? Another perspective 
could be to see what kind of differences exist in households which own or do not own an automatic 
dishwasher, especially regarding the amount of meals prepared, the number of dish items to be 
washed, socio-demographic differences, and other factors. 
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Material & Methods 

A semi-representative online survey was conducted between April and May 2015. The aim of the 
survey was to assess the behaviour of more than 5,000 households in 11 European countries (Czech 
Republic, Finland, France, Germany, Hungary, Italy, Poland, Romania, Spain, Sweden and the United 
Kingdom). A professional market research company

156
 was asked to translate the questionnaires 

developed by the authors into different languages, recruit respondents from their panel of registered 
consumers and fulfil the quotas (age between 20 and 74 years, corresponding to Eurostat data 
regarding household size and age; more than 50 % female) for each country. The people asked had 
to be substantially involved in doing the dishes in the household.  

The participants were asked about their automatic dishwasher and their dishwashing behaviour, their 
opinion regarding energy-saving issues and their awareness of information reported on the Energy 
Label. Demographic data were also recorded. Before starting the analyses, the validity of each 
dataset was controlled with the aid of two attention filer questions. Datasets were excluded from the 
following evaluation in the case of inconsistent answers to both questions being given. After excluding 
the outlier data, the number of the panel diminished from 5,450 to 5,277, of which 3,216 had an 
automatic dishwasher at home.  

Furthermore, weighting according to the number of households of each country compared to the sum 
of all countries investigated was implemented to calculate the average European Union (EU) results. 
Table 35 illustrates the contributions of European countries in the survey. These EU averages 
represent 82 % of all households in the EU. 

Table 35 Composition of the panel and the relative contribution to average EU values 

                                           
156

 Toluna, Frankfurt, Germany. 

Country 

Panel 
target  

Households 
in millions 

1
 

Contribution to 
total result in % 

 

Abbreviation 
Valid data 

* 

Czech Republic CZ 300 292 4.5 2.6 

Finland FI 300 290 2.6 1.5 

France FR 600 582 27.1 15.6 

Germany DE 600 585 40.7 23.3 

Hungary HU 300 285 4.1 2.4 

Italy IT 600 581 25.0 14.4 

Poland PL 600 570 13.6 7.8 

Romania RO 300 293 7.5 4.3 

Spain ES 600 914
**
 18.1 10.4 

Sweden SE 300 296 4.7 2.7 

United Kingdom UK 600 589 26.4 15.2 

All households in 
the EU sample 

“all 
weighted” 

5100 5277 174.2 100 

Total number of 
households in the EU 

 … … 213.7 82 
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Data were analysed by using SPSS 15 (IBM Company). 

 

Results & Discussion 

 

The average size of households which possess an automatic dishwasher is 3.0 people per 
household, while the average size of households for people without a dishwasher is 2.6 people. Table 
36 shows the socio-demographic differences between owners of automatic dishwashers for the EU 
average. There are no gender differences in whether participants own a dishwasher. More differences 
are seen in the age category of the dishwasher owners. While a bit more than 50 % of the youngest 
part of the panel observed own a dishwasher, 65 % of the oldest section of the panel does. An even 
bigger difference can be seen regarding the household size: with about 41 % ownership in single-
person households, compared to about 70 % in households with four or more people. Household 
income level, assessed here in terms of what could be afforded, does not seem to make such a big 
difference regarding the ownership of automatic dishwashers when those who say about their 
financial situation “it’s not enough at all” are compared to those who say “I have no limit in any way”. 
Only if people are unemployed this seems to have a major influence on the ownership of dishwashers 
(39 % of this sector owns an automatic dishwasher). However, it needs to be kept in mind that 
differences between the ownership levels reported in Table 2 and penetration rates reported by other 
statistical offices may be caused by the way the panel in this survey was selected, for example, that 
only households which fit the quota were accepted. 

 

* after exclusion of inconsistent answers 

** manual dishwashers were recruited in a second step 

 1: Source: UNECE Statistical Database, compiled from official national sources. 
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Table 36 Socio-demographic differences between owners of an automatic dishwasher and the 
average age of the automatic dishwasher for EU average (“Q: ..” indicates here and in all 
following graphs the English wording of the question asked) 

 

 

 

Figure 76 Distribution of the kind of items cleaned per day for households owning an 
automatic dishwasher (n = n = 118,133 tableware items) 

Q: "How old, 

approximately, is 

your dishwasher in 

years?"

Yes

% of answer category

Female 3,250 60.9 5.1

Male 2,027 61.0 5.5

EU all weighted 5,277 60.9 5.2

Between 20 and 29 years 910 53.4 4.2

Between 30 and 39 years 1,275 62.7 4.4

Between 40 and 49 years 1,094 64.5 5.4

Between 50 and 59 years 955 57.2 5.4

Between 60 and 74 years 1,043 65.1 6.6

1 person 5,277 41.4 6.5

2 people 726 60.5 5.7

3 people 1,647 60.0 5.1

4 people 1,188 70.9 4.7

More than 4 people 1,098 69.2 4.3

It is not enough at all 617 46.6 6.2

I can just manage 5,277 50.0 5.2

In general, I can manage 421 64.2 5.2

I am well taken care of and can afford a lot 1,191 72.0 5.1

I have no limit in any way 2,643 82.0 4.4

I prefer not to answer 785 60.4 6.3

Householder 92 60.3 4.9

Employed, full time employment 146 66.0 4.7

Employed, part time employment 5,277 62.0 5.3

Unemployed 587 39.3 5.8

Student 2,294 56.5 5.2

Retired 757 60.3 6.7

Q: "Do you have an automatic 

dishwasher in your household?"

Valid n

Q: "Please 

select your 

personal 

financial 

situation"

Q: "What is 

your 

employment 

status?"

Q: "Are 

you...?"

Q: "How old 

are you?"

Q: "How many 

people are 

living in your 

household, 

including 

yourself?"

Average in years

Question Answer category
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Figure 77 Total number of tableware items used per day for households owning an automatic 
dishwasher based on countries (lines are only for visualization) 

 

Asking in detail about what and how many items are cleaned respectively used per day in those 
households owning an automatic dishwasher (Figure 76) reveals that cutlery pieces, plates, glasses, 
cups and mugs are the items most cleaned. However, country-specific differences are observed 
(Figure 77). Indeed, not all items are loaded into the dishwasher, as 5.5 out of those 36.7 items (or 15 
%) cleaned per day (European average) are not cleaned in an automatic dishwasher (where 
available). Figure 78 shows that the fraction of items cleaned by hand is different depending on the 
kitchenware: while most plates and cutlery pieces are cleaned in an automatic dishwasher, 41 % of 
pots and pans are cleaned manually. 

The figures on how many items are cleaned manually when a dishwasher is available (15 % as 
European average) are different from what was observed by Richter in his household observation 
study (Richter 2010b). He found that 24 % (Germany) to 43 % (Italy, UK) of all items are cleaned 
manually, even though a dishwasher is available. This difference may be explained by the fact that 
panellists in his study did not record most of the cleaning cycles that consisted of cleaning only one or 
a few items. Such practices were recognised and recorded only by carrying out a video observation. 

A closer look at the tableware items cleaned in the automatic dishwasher (Figure 79) per country 
shows that most of the items are cleaned in the dishwasher, especially in Sweden and Finland, while 
in Italy, for example, more are cleaned by hand. 



 

447 
 

 

Figure 78 Total number of used items and items which are cleaned manually based on the kind 
of item (EU average – only households owning a dishwasher).  

 

 

Figure 79 Fraction of dish items cleaned manually and in an automatic dishwasher per country 
(only households owning a dishwasher). 
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Figure 80 Number and type of items used per day in households owning an automatic 
dishwasher based on the household size (EU average) 

 

The total number of items used per day depends very much on the actual household size (rs=0.638, 
p<0.01) (Figure 80). The highest significant relationship between the number of person per household 
and number of tableware can be indicated for plates (rs=0.623, p<0.01) and cutlery pieces (rs=0.559, 
p<0.01). On average, single-person households owning an automatic dishwasher use about 18 items, 
while three-person households use about 37 items, clearly showing some economies of scale with the 
number of members of the household. Overall, there are 12.8 items used per person per day as a 
European average for households owning an automatic dishwasher. These results of items per 
person per day are consistent with data which have been gathered before by Stamminger and 
Streichardt (Stamminger and Streichardt 2009) for Germany. But there is a small negative relationship 
between the percentage of items cleaned in the dishwasher per day and the household size (rs=-
0.058, p<0.01), probably related to the observation that larger households had more items which were 
needed immediately and were cleaned manually, compared to smaller households.  

The number of tableware items that are loaded into a dishwasher can be calculated from the number 
of tableware items which are used per day without the items cleaned manually, multiplied by seven 
(days) and divided by the number of dishwashing cycles done in the household per week (Figure 81). 
This rough calculation reveals a broad distribution of levels of loading of the dishwasher with a 5% 
trimmed mean of 47 items. This distribution may be compared with what was found in an observatory 
study by Richter (Richter 2010b) who analysed pictures of loaded dishwasher baskets of thousands of 
dishwashing cycles in 125 households in four European countries. He found values of 25 to almost 
130 tableware items per dishwasher cycle and an average of 55 items per cycle per household.  
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Figure 81 Distribution of the calculated number of tableware items in a dishwasher cycle 
(peaks at zero and at +121 may be caused by inconsistent answers of participants) 

 

 

Figure 82 Reasons for washing dish items per hand, although a dishwasher is available   

 

The reasons why items are not cleaned in the automatic dishwasher are manifold: from a given list of 
seven options, each of the panellists agreed with an average of more than two options. Overall, the 
three options which were selected most were the “need to have some items immediately” (56 %), that 
“some items need too much space in the dishwasher or are too bulky” (52 %) and that some items are 
deemed as “not suitable for the dishwasher” (51 %). There are some differences between the 

countries observed (Figure 82Figure 82), but all arguments are stated everywhere.  

Reasons given also differ by household size (results not shown).  For example, overall, only 6 % of 
the panellists said that they “wash everything in the dishwasher”. However, 9 % of participants in 
single-person households give this reason, while only 42 % say that the “items need too much space 
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or are too bulky”. By contrast, the argument that there is an insufficient number of dish items to fill up 
the automatic dishwasher surprisingly does not differ between single-person and multi-person 
households. 

 

Figure 83  Pre-treatment for dishes before placing them into the automatic dishwasher 

 

Some kind of pre-treatment is frequently carried out before placing items into the automatic 
dishwasher (Figure 83). From the list given of six different pre-treatment options, each panellist chose 
an average of 1.4 options. The argument most frequently selected was that “leftovers of food are 
scraped or wiped off” (59 %), followed by the practice that “each item is usually pre-rinsed under the 
tap” (31 %). Huge differences can be observed between countries for this practice: While only 11 % 
commit to this practice in the Czech Republic, 55 % of all Spanish, 47 % of all Italian and 44 % of all 
Swedish panellists usually rinse their items under the tap before placing them into the automatic 
dishwasher. This is very much in line with the results of Richter (Richter 2010a), who also found that 
the practice of pre-washing items under the tap is used frequently in Italy and Sweden. On average, 
only 19 % of the panellists claim to not do any pre-treatment before loading the items into the 
automatic dishwasher. 
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Figure 84 Satisfaction with the cleaning and drying performance of the automatic dishwasher 
based on gender (EU average). Level of satisfaction was visualised by smileys to the 
panellists. 

 

The overall satisfaction with the cleaning result of the dishwasher is high as only 3% of the male and 
1% of the female panellists gave a negative answer on a five level smiley scale (Figure 84). The level 
of satisfaction is a bit lower regarding the drying performance of the dishwasher.   

 

 

 

Figure 85 Way of washing dishes by hand for households owning an automatic dishwasher 
based on age (EU average) 
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A closer look at the manual dishwashing practices of those households owning an automatic 
dishwasher shows, on the one hand, a higher likelihood of washing up under running tap-water to 
using a sink or bowl (Figure 85)  for older panellists. On the other hand, clear country-specific 
differences can be observed (Figure 86) where more than 50 % of the UK and DE panellists stated 
that they use a sink or bowl filled with water for washing up, while only about 10 % of Romanian 
panellists do it in this way. The rest of the panellists, more or less, use running tap-water. 

 

 

Figure 86  Manual washing up behaviour for households owning an automatic dishwasher  

 

The differences between countries observed are consistent with the research of Stamminger et al. 
(Stamminger et al. 2007) and Berkholz et al. (Berkholz et al. 2010, Berkholz 2015), who observed 
consumers from various European and other countries in laboratory studies. Maitra et al. (Maitra et al. 
2017) allocated these differences in dishwashing behaviour to a mixture of reasons, from the 
awareness to conserve domestic water usage up to the expected hygienic result. 

 

Figure 87 Reasons why the household does not own an automatic dishwasher  
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A substantial portion of the panel did not own an automatic dishwasher. They were, inter alia, asked 
about their reasons for not having an automatic dishwasher. Multiple answers could be given out of 
nine predefined arguments (Figure 87). Overall, each panellist selected almost two arguments on 
average. The argument most frequently mentioned (51 % as the European average) is that “there is 
not enough space in the kitchen” to place an automatic dishwasher, followed by the argument that the 
panellist is happy without owning a dishwasher (45 %). Not washing enough dishes to justify buying a 
dishwasher is the reason for 29 % of the panellists and 27 % argue that the initial costs are too high. 
Only an average of 16 % said that the energy and water consumption are too high, either indicating 
that the majority understood that automatic dishwashers are water and energy saving compared to 
manual dishwashing (Abeliotis, Dimitrakopoulou and Vamvakari 2012, Emmel et al. 2003) or that this 
is not an argument for them to consider. An average of only 10 % of the panellists not owning an 
automatic dishwasher think that the dishwasher cannot fulfil their expectations in terms of cleaning 
performance. However, differences between the answers from panellists from different countries are 
large. A total of 21 % of the Spanish panellists and 20 % of the German and British panellists agree 
with the statement that energy and water costs for automatic dishwashing are too high, while only 7 % 
of the Finnish panellists agree with this.  

Due to the possibility of giving multiple answers to this question, it may be of interest to see which 
arguments are used together. The highest level of coincidence is the combination of the answer “I 
already have enough appliances at home” with the answers “I am happy without a dishwasher” and 
“Not enough space in the kitchen”.  This shows very well that emotional arguments (“enough”, 
“happy”) for not owning a dishwasher go along with rational arguments (“no space”). Therefore 
promoting the use of a dishwasher may need to address both levels, too. The offer of slim line or table 
top dishwashers as argument against a lack of space in the kitchen for a normal size dishwasher may 
not convince everyone to install such a gadget.  

 

 

Figure 88 Distributions of the reasons for not owning an automatic dishwasher based on the 
household size (EU average)  

Going more into detail and analysing the reasons for not owning an automatic dishwasher by 
household size shows interesting differences in the motivation given (Figure 88). For small 
households, the argument of not having enough dishes to justify the expenditure is cited more often, 
as is the statement of being happy without a dishwasher. For large households, the initial costs are of 
higher importance, while the statement of being happy without a dishwasher is lower than the 
average, at only 28 % for households with more than four people. Another crosstab analysis reveals 
that 76 % of the non-owners of automatic dishwashers in the highest income classes state that they 
are also happy without a dishwasher. By contrast, 38 % in the lowest income class state that the initial 
costs are too high compared to 27 % for all. Shortage of space is the most important argument of the 
middle-income groups for not having an automatic dishwasher in their homes. 
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Figure 89 Number of tableware items used per day based on household size (EU average) 

Comparing the number of tableware items used and cleaned by households owning and not owning 
an automatic dishwasher shows that households not owning a dishwasher use a lower number of 
tableware items independent of the household size (Figure 89). These data are consistent with the 
results of Stamminger and Streichardt (2009) for Germany, and the authors speculate that this may 
reflect different cooking and eating habits: Households in which people do not cook frequently may 
tend not to have an automatic dishwasher. To clarify this, the number of meals prepared in each of 
the households is analysed (Figure 90). However, there are only small differences between the 
numbers of meals prepared. Therefore, another explanation could be that owners of an automatic 
dishwasher may tend to use more tableware items, as they do not have to clean them personally.  

 

Figure 90 Average number of meals prepared per household per week depending on the 
ownership of a dishwasher and the household size 

Looking at the washing-up behaviour it is found that those panellists, who do not own an automatic 
dishwasher, wash up in a sink filled with water more frequently (46 %) compared to those households 
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who own an automatic dishwasher (38 %). This may be explained by the higher number of items to be 
cleaned in households owning an automatic dishwasher. Richter (Richter 2011, Richter 2010a) has 
already noticed that the washing-up behaviour is different for owners and non-owners of dishwashers. 

 

Figure 91 Satisfaction with the cleaning results of manual dishwashing and the presence of an 
automatic dishwasher based on the age of the panellist (EU average). Level of satisfaction was 
visualised by smileys. 

Satisfaction with the cleaning results of manual dishwashing is quite high, as 47 % of participants rate 
it on the five-point ‘smiley’ scale as ‘5’ and 41 % as ‘4’. Nevertheless, a portion of 12 % of the 
consumers give a “1” or “2” rating only, indicating they are not happy with the results of manual 
washing . This is especially true for consumers who do not own an automatic dishwasher and who 
belong to the younger age classes (Figure 91). Further analysis shows that especially those who 
practice cleaning under the tap can be found in this category.  

 

Conclusion 

The main task of this paper was to work out what kind of habits and intentions of consumers in 
Europe can be identified which restrict the consumer from using an automatic dishwasher, either not 
buying one or not using it when it is available in the household. A clear picture based on those 
questions can be depicted after conducting a Europe-wide semi-representative survey of about 5000 
panellists substantially involved in doing the dishes in their homes. It could be shown that the people 
with more income are more likely to have a dishwasher than those with lower income. Ownership of 
an automatic dishwasher depends also on the amount of dishes to be cleaned. In addition to these 
‘driving’ arguments, there are obstacles or lacks of personal desire which prevent a household from 
having an automatic dishwasher: these are mainly the lack of space and a feeling of being happy 
without an automatic dishwasher. 

However, even when a dishwasher is available – which is confirmed by several studies to be the best 
way to save resources – it is not used in the most effective way as about 15% of items cleaned per 
day are washed up manually. The most-stated arguments for this behaviour are: dish items are not 
suitable or would take too much space in the dishwasher or the items to be cleaned are needed 
immediately. Additionally, it could be shown that the dishwasher is usually not loaded to its capacity. 
This all gives room for improvement of the daily practice of consumers in using their dishwasher in the 
most economic and ecologic way.  

Households not owning a dishwasher claim to also have fewer dishes to be cleaned. This does not 
correspond to the eating habits of these households, as those households with a dishwasher do not 
prepare more meals per week. All in all, the consumers not owning an automatic dishwasher carry out 
two to three washing-up processes per day. Besides the resources used it is also a lot of time needed 



 

456 
 

to make the dishes clean again. Nevertheless, the panellists are more or less satisfied with their 
manual dishwashing practice independent of the ownership of a dishwasher. 

Panellists of households from different countries show quite different ways of doing the dishes 
manually: Some prefer washing up in a sink filled with water, while others prefer doing the dishes 
under running tap-water. Analyses show that especially those who carry out the cleaning under the 
tap can be found in the category of those consumers who are less satisfied with their cleaning 
process. This shows clearly that not only the resources consumed depend on how the dishes are 
cleaned by hand, but also the satisfaction with the result is different and that washing up in a sink is 
the more preferable practice when dishes are washed up manually. 
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ABSTRACT 
 
Education and outreach have an important role in increasing energy efficiency (EE), through the 
purchase of energy efficient equipment and the recognition / desire for attractive services (realized as 
Non-Energy Benefits). However, traditional outreach is having a harder time breaking through the 
busy marketplace “chatter” and changing behavior. This presentation summarizes the results of 
research on three topics that are critical to getting a refined and effective diversion message to 
generators: 
1. Addressing attitudes and “self-efficacy” in our messaging to improve behavioral uptake; 

2. Recognizing that consumers make behavioral changes based on a “bundle” of attributes, and 

we need to conduct market research so we can “sell” what residents want to “buy” in order to 

increase adoption; and 

3. Community-based social marketing (CBSM) may provide improved program adoption, but 

how do we conduct effective (and cost-effective) CBSM, and where does it rank in our toolkit 

of outreach – and programmatic – approaches. 

 
This paper also discusses the following topics:  the underpinnings of more successful outreach 
(attitudes, stratification, and market research); successful social marketing techniques and their costs 
and impacts; putting social marketing and outreach / education in the context of energy efficiency; and 
policies in terms of costs, cost-effectiveness, and impacts to be able to use the information to conduct 
sensible budget planning for communities. 

 
Introduction 
 
This paper reminds readers of principles from marketing, economics, and social / behavioral fields 
and assembles simple lessons and examples that might help break through to decision-makers that 
are not currently being reached by the efficiency message.  

 
Marketplace Attention – Getting Noticed  

 
The marketplace is chaotic, fast-changing, and over-loaded with information and images. Attracting 
the consumer’s attention with your message must occur almost instantaneously.  The typical energy 
efficiency message focuses on facts and figures, represented by Figure 1.  This form of messaging 
doesn’t readily capture the attention, unlike the professional appeals from cigarette, automobile 
companies, and more directly, appliance and home improvement companies that are not focused on 
energy efficiency.  For the most part, energy efficiency is being unappealingly marketed.  EE 
messages focus on appealing to buyers on facts, and facts presented in an emotionally unengaging 
way. 
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Figure 1:  Messaging – Typical Energy Efficiency Messaging 

 
The Major Problem with Single-Feature Selling 

 
Energy efficiency and savings are currently rolled into the single-feature of “energy efficiency” in 
today’s marketing.  To buy into this single-feature messaging – the core of most energy efficiency 
marketing – requires several things that may not be “givens”.  Buyers must be willing to pay more up 
front for the equipment.  They must trust that savings will occur, and they must put a positive value on 
future savings that might occur, and the non-zero savings will influence their payback analysis.   
 
Generally, marketing wouldn’t be necessary if energy efficient equipment wasn’t initially more 
expensive than less efficient equipment.  Economics would tend to argue that if one of two otherwise 
identical products had more features (energy efficiency) for the same price (and both products were 
known), it would “win” in the marketplace.  Meaningful savings would affect the purchase decision, but 
customers must believe they will occur for them.  There is far more doubt about savings among 
program participants than utilities might expect.  Evaluations and interviews asking about Non-Energy 
Benefits (NEBs) find many customers are skeptical they actually received savings (especially 
commercial customers, who feel unable to tease savings out of the business and weather 
fluctuations).  And recall, the persons being interviewed are participants, who presumably believed in 
savings up-front.  The non-participants never got even that far.  Convincing potential buyers / 
participants about energy savings is a crucial step in gaining participation.   
 
Customers must also place a value on these future savings.  If a customer has a high internal 
discount rate, future streams of savings have little value in the present; others have low discount 
rates.  It is hard to influence these discount rates.  Developers of newly constructed homes or 
commercial buildings are highly present-focused, as they will not be paying the bills or reaping 
savings; they are first-cost / lowest-price driven.  Lower income households also tend to have high 
discount rates and are driven to focus on first costs.  A focus on small savings continuing into the 
future, or multi-year paybacks, will not be very influential to developers, low income households or 
other groups of customers with unfavorable discount rates.  “Green” households tend to have lower 
discount rates; they place relatively higher value on future occurrences, like climate change.  Not 
surprisingly, these would be more likely to tend to be program participants. 
 
Most importantly, however, single-feature messaging (year over year savings) cannot generally be 
guaranteed to customers because weather changes, occupancy changes, changes in fixed charges 
and rates by utility companies and so on.  Messaging on savings is potentially risky, as well as being 
unappealing to a number of target customers.  

 
Nowadays NEBs are Desirable, Marketable, and “Sellable” Features, Not Just Left-Over 
“Bundles of Services” 

 
Economists posit that rational customers make decisions based on maximizing “utility”.   These 
decisions are subject to any budget constraints the consumer may have. The set of utility curves are 
the frontiers of tradeoffs that bring the same “value” based on the numerous factors that bring value to 
them (through the product

157
).  Translated, that means that they seek to maximize their value 

                                           
157

 For example, electronic controls are more valuable than color A, but less valuable than low noise, and so on.   
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(measured in “utils”), given their budget.  In a practical sense, that means they conduct an internal 
benefit / cost analysis to determine which of the product choices gives them the maximum value or 
highest benefit-cost ratio.  Each consumer has their own set of values, so their utility curves differ.  
Each makes decisions that are rational based on their underlying values and tradeoffs among 
perceptions of the same features.  When people or businesses make decisions, they intrinsically 
value bundles of features and services, filtered through their perceptions and emotions.  Tradeoffs 
between features and costs determine their internal “return on investment” that guides them in 
selecting or buying or participating.  Although some refinements to the theory have been forwarded 
over the years, this remains the basic underlying understanding of how consumers work. 
   
What are some of these influential factors?  “Non-Energy Benefits” (NEBs) analysis catalogues and 
quantifies the net bundle of influential factors associated with equipment and programs other than 
efficiency or the associated savings.  There are dozens of NEBs, including benefits to society and the 
environment, and many applications for NEBs beyond marketing, including benefit-cost and other 
uses. NEBs can be positive or negative, and vary depending on customer perceptions.  

 
The most valued NEB features that customers perceive they get from energy efficiency programs 
depends on the sector, program, and particular measures (see Mahlgrem and Skumatz 2014, 
Skumatz et. al. 2010, and others).  NEB leaders for residential weatherization programs include 
factors like comfort, higher housing value, fewer sick children, fewer lost days from work or school, 
fewer maintenance calls, lower hassles in replacing lights, and lots of others.  In appliance rebate 
programs, they include performance, maintenance, noise, and others.  We find business owners 
value productivity benefits, reduced employee absence, fewer maintenance visits to deal with hot and 
cold offices, fewer light replacements, less glary lighting, and many other effects.  In schools, NEBs of 
efficiency measures include better student performance, lower maintenance, and a host of other 
effects.  As an example of the scale of NEBs, in research by the author, customer (or participant-side) 
NEBs in weatherization programs outweigh energy savings by more than 10% (more in low income 
homes), and in comprehensive commercial programs, the NEBs can exceed savings by similar 
ratios.

158
 

   
An important assumption about the typical customer decision-making process is that they look at and 
make trade-offs among a bundle of features that they value while making a decision to purchase a 
product (or adopt a behavior) rather than just a single feature.  There are several important lessons 
for energy efficiency marketing: 
1. They do not look only at energy savings.   

2. The decision-making is complex, and they do it in their heads, taking account of many 

factors.
159

 

3. These decisions must be driven by perception of the value of the bundle of features, as they 

cannot have firsthand knowledge of all the elements (or perhaps even many of them). 

4. One very strong indicator of the services they value from the equipment is non-energy 

benefits (NEBs).  These services or features are part of the bundle they assess, and we have 

extensive literature that has demonstrated ways to measure and value these features.
160

 

 
There are several ways to sell and market energy efficiency more effectively.  Reliable information 
sources must first bring the NEB qualities forward.  Then the NEB qualities must be advertised in 
catchy or compelling ways that appeal to the consumer’s values (or humor), or in ways that grab their 
attention, or in ways that link to their motivations and barriers.  An important nuance to this discussion 
is that we argue people make decisions based on the savings and NEBs.  However, note that in 
reality, people may not really know the values of the savings or the NEBs; therefore, they must make 
their assessments based on their perceptions of the savings and NEBs. That is their best information, 
and all they can bring to the decision-making.  These perceptions include perceptions of facts, 
perceptions of the reliability of facts based on source, and perceptions that have emotional 
components, and all are inputs into the internal computations.  Perceptions matter in advertising; car, 
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 These figures cover only the participant-perspective NEBs.  These multipliers exclude the societal NEBs (e.g., job creation, 
greenhouse gas reductions, which are large impacts) and utility NEBs (fewer line losses, bill payment improvements, etc., 
which are relatively small NEB values).  See Skumatz et. al. 2010. 

159
 Traditional economics has been interpreted to exclude behavioral factors, but utility theory allows their consideration.  

However, note that behavioral research indicates people may do a rather poor job of weighing these factors. 
160

 Many publications from 1997-present address measurement and typical values; see summary in Skumatz et. al. 2010 
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cigarette, and product companies know that image and perception and emotion can strongly influence 
the sale.  The difficulty is to figure out how to incorporate this to sell energy efficiency and use our 
program and advertising dollars in a more efficient way.  If we use these dollars more effectively (and, 
in addition, if we revised the cost-effectiveness tests to include NEBs and reduce the bias in the 
program decision-making and incentive computations), EE outreach programs can only be more cost-
effective. 

 
There is More to Messaging Than Information  

 
A personal connection to the messaging is motivating and can be more motivating than information 
alone.  Granted, it is important to let people know where a Town’s new drop-off recycling bin is, in 
order to get it used.  But that doesn’t motivate its use.  Two ways to improve the content of and 
motivation from energy efficiency messaging are to incorporate social marketing, and self-efficacy 
messaging. 
 
Social marketing is a way to influence a target behavior to benefit society / community and not just for 
individual gain. It combines traditional marketing techniques with sociological and psychological tools. 
Classic social marketing campaigns include efforts to curb teen drug and alcohol use, anti-obesity 
campaigns, recycling, and many others. Elements that distinguish social marketing campaigns from 
traditional outreach campaigns include the identification of barriers and motivations, targeting specific 
sectors (rather than broad, generic outreach), and the use of tools such as social norms, prompts, and 
feedback.  Community-Based Social Marketing (CBSM) proponents suggest the programs lead to 
strong, long-lasting impacts (Skumatz et. al. 2010; there has been relatively few analytical retention 
studies compared to the number of CBSM programs in the literature).  Briefly, hallmarks of social 
marketing campaigns in energy include (McKenzie-Mohr, 1999): 
1. Combining traditional marketing techniques with sociological and psychological tools to 

influence a target behavior, participation, or purchase; (italicized additions from author).  

2. Going beyond the awareness focus of most traditional outreach by incorporating the 

identification of barriers and motivations, targeting a specific sector, and the use of tools such 

as commitments to behavioral change, prompts, social norms, incentives, and communication 

/ feedback.   

3. Working to incorporate multiple “touches” to try to change and habitualize behavior change 

(CBSM is seldom a one-off effort). 

4. Working to reach out through social networks (faith-based, neighbors, community 

partnerships, etc.) to make connections, aid in credibility and transfer, etc. 

 
Evidence from numerous evaluations of social marketing programs (see www.cbsm.com) indicates 
energy and green behaviors are strongly influenced by social marketing and educational literature.   

 
Behavior is affected by the perception of the impact of personal actions, such as internalized feelings 
of self-empowerment, according to self-efficacy research.   Those individuals that have greater 
feelings of self-efficacy tend to undertake more “green” actions, including energy efficiency.  If the 
messaging can play off this feeling, or move those with slightly lower feelings of self-efficacy to get 
more engaged in his way, greater energy efficiency choices might be encouraged.  Households with 
higher self-efficacy scores: 
1. Participate more in green programs, (Peters and Feldman 2001), as demonstrated by a TVA 

study of participation in a renewables program.  The study found that among early program 

sign-ups, 90%+ agreed/strongly “my actions can make a difference”; 57% disagreed with the 

statement that what I do “only makes a difference if others do it too”. 

2. Conserve energy (Woods and Skumatz 2004), as demonstrated by a study in the Northeast in 

which self-efficacy scores were higher for participants in both a renewables program and an 

Energy Star appliance purchasers program, compared to non-participants 

3. Recycle more (Woods and Skumatz, 2004), as demonstrated by a study in Utah, in which 

recycling was 11% higher for households that agreed with high self-efficacy statements.   

 

http://www.cbsm.com/
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As mentioned above, these enhanced types of motivational approaches produced quantitative results 
that are encouraging.  Their regular incorporation into energy efficiency messaging could very 
possibly improve results considerably more than basic “informational” approaches. 
 
Perceptions Influence Decisions  
 
Perception is what people base value decisions on unless they actually experience something first-
hand, and they can’t have first-hand experience with energy efficiency equipment they have yet to 
purchase.  Joshua Bell, a renowned concert violinist, took part in an experiment, performing as a 
subway busker in L’Enfant Plaza in DC.  During his 43-minute performance, using his 1713 
Stradivarius, he made $32.17. Some people paid in pennies, and of the 1,067 passersby, only seven 
stopped for one minute or more (Weingarten 2007).  The prior week, he had played at Boston’s 
Symphony Hall, where he made over $1,000 per minute.  The difference here is perception, not 
“facts” about quality or value of his playing.  Could a $70,000 bottle of wine be sold for that price if the 
wine was in a box?  Perception affects the value people assign to the product, and perception is a 
reality in decision-making and trade-offs analysis.   
 
For the savings message, it will be important to influence the perception about the level of savings 
from measures, emphasizing the savings are real, and if possible, high.  The deliverer of the message 
also matters.  The data and facts are important, but must be delivered by a trusted messenger 
(McKenzie-Mohr (1999), and preferably in a catchy way.   
 
The value of the product depends not just on the future stream of energy savings, but on the array of 
(other) features associated with the product. The features listed on the product’s box matter.  
However, non-energy benefits analysis inventories and quantifies the value of the important elements 
of this “bundle” of services and features.  Perceptions about these NEBs are critically important to 
influencing the decision.

161
  Perception of the savings, or the features, or the value of the features, is 

what is critical to their internal benefit-cost analysis.  To be effective, EE marketing must use every 
chance to influence that perception.

162
    

 
Motivations and barriers (a key focus of the extensive CBSM literature) influence purchase decisions 
according to both social marketing and consumer marketing.  Augmenting NEBs-based valued 
service and feature research with research to understand cultural or other motivating factors can help 
in the tradeoffs assessment, as can identifying any barriers (physical, cultural or other).  Having the 
message come from a messenger (or endorser) trusted in the target group is also important.  Facts 
may or may not be necessary, but they are definitely insufficient, at least for reaching beyond “already 
believers”.   

 
Which Values Influence Perception and Decisions? 

 
Details about the missing elements of motivations, barriers, and NEBs can be explored and refined by 
market research, surveys, and focus groups.  It might be argued that Program managers or 
stakeholders may overestimate their ability to accurately know the motivators for the cohorts of 
customers they wish to reach – and should more routinely conduct focus groups and other research 
to better understand these (potential) participants.  This was illustrated recently when focus groups 
were questioned about recycling in Colorado.  Any self-respecting “in the know” recycling professional 
knows that the reason to recycle is the saved embedded energy and the associated climate change 
implications.  Solid waste professionals know that filling up landfills is not a problem, as landfill space 
is plentiful and relatively inexpensive (at least in Colorado!).  However, in focus groups, our “informed” 
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 NEBs are calculated, dollar values representing the “worth” of the net benefits.  NEB studies that have estimated NEBs for 
program participants and for non-participants, find that NEB values are higher for participants.  Presumably these (NEB) 
perceptions about the “bundle of features” has influenced the participation or purchase decision; those who elected not to 
participate may have had a poor or low perception of their expected value of NEBs that might be delivered by a program. 
(Bicknell and Skumatz 2004, among others by the authors).  It is possible that this could have positive and negative effects 
for the program implementer, and the source of the information on NEBs could affect installations and program attribution.   

162
 Non-energy benefits based on surveys measure customers' perceptions about the non-energy factors.  We should not 

necessarily want to measure the actual temperature in a home to measure comfort; the person’s perception is their reality 
about their comfort (and what they base decisions on), and surveys are the proper way to gauge this.  Objective metrics, 
no matter how fancy they get (temperature plus draft plus whatever else) cannot take these metrics and run them through 
the participant’s value system like a survey can.  Not that measuring both perceptions and facts wouldn’t be even better 
(and very interesting)! 
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rationale was not the least motivating; households wanted to recycle to save landfill space.  To grab 
the attention and motivate on behavior change, the program used the message / motivation that 
resonated, not the one that fell flat.  The resulting behavior change was remarkable (Skumatz 2012). 
 
In order for the “experts” to not be too smart for their own good, it is important to remember who is 
making the assessments.  Test your messages on your target audience, and market on their values, 
motivations, and barriers, not on your values.  You’re not trying to sell to yourself. 

 
What Works for Tide™ - What Sells and Doesn’t Sell? 

 
Tide sells based on messaging about more than one single feature.  They don’t tout facts about the 
relative cleanliness of their results for clothes compared to others (those types of campaigns died out 
years ago).  Review the advertising options presented in Figure 2.  The first illustrates how Tide does 
not sell…  Tide does not market using the real reasons it wants to sell Tide – high revenue and 
maximum profits.  They find a high Q value messenger to deliver a message that their market 
research indicates resonates with the target market segment.  It is unlikely that it is the life mission of 
P&G executives to see more clean clothes in the world (the function of the product).  Yet the EE 
industry continues to sell energy efficiency on facts that EE professionals care about (e.g., little 
beyond the basic “buy energy efficiency because it saves energy”).  A non-trivial share of the reason 
utilities market and sell EE measures is because the companies are ordered to do so by the 
regulators or because they receive shareholder incentives or special state funding to do so.  EE may 
end up being the message because the mandate is to sell EE; we might be more effective in 
achieving our goals if we market on the features consumers care about. We trip ourselves up.  EE 
needs to do market research to identify the right messages for target customer segments.  
 
Market research is extremely important and enlightening. Tide does market research to identify what 
customers think they value from and want to get from Tide.  The resulting message has been very 
well tested.  Whether the product actually performs better is rarely compared; perception matters a 
great deal in the marketplace.  Arguing perception may not feel like a message that should be central 
to utility marketing, but facts are not the only thing decisions are based upon.  Market research targets 
the message.   

 

  

 

Figure 2:  Campaigns for Tide™ – Which Sells? 

 
If People Want It, You Can Sell It  

 
The key is to sell what people want to buy, using the reasons they want to buy it.  EE should focus on 
selling on the features that people want to buy (or what they think they want to buy), and avoid 
focusing on the reasons we think they should buy it.  Tide / Procter and Gamble and other retailers 
sell what people think they want – or what they can make people think they want.  Does anyone need 
Axe Body Spray? 
 
Lecturing or talking down to customers is not a good marketing strategy.  Selling doesn’t require 
lecturing or educating to try to convert to our values – and if educating is important, it still requires 
getting their attention first on something that matters to them.  If they want to buy for the “wrong” 
reason, that is their right – and their choice.  We want them to BUY the efficient machine for whatever 
reason compels them.  Selling requires appealing based on their valued features, not ours.  And to be 
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effective going forward, EE must reach the consumers that are not attracted by energy efficiency -- we 
can pretty much count on customers who are engaged with energy efficiency already! 

 
Conclusions 
 
Today there is reasonable saturation of energy efficient equipment models in the homes of our friends 
and like-thinkers after 30-plus years of trying to get households and businesses to prefer energy 
efficient equipment.  EE is poised to incorporate more marketing maturity.  A summary of key points 
from this paper follow.   
 

 Information is not motivation(al).  Work on researching and incorporating motivations and 

barriers, a la social and better consumer marketing.  Information is not marketing, or 

knowledge, or generally effective.  Do the needed primary research.  It may move some of us, 

but really very few think of energy use as much as we in the industry do.  Consider 

motivations through social marketing approaches or enhancing feelings of self-efficacy. 

 Perception matters. That’s all people have up-front and that’s what they use to make 

decisions, whether or not their perceptions are entirely true or based on / supported by facts.  

It is critical to influence (and use) that in messaging.  As a corollary, if savings are your only 

message, you will need to be sure they believe savings will occur (and last); assertions 

generally won’t do it.  

 Buyers make tradeoffs on packages of services. Energy efficiency is only one component of 

the equipment, and whether positive or negative to them, that factor is traded off against other 

features like cycles, noise, aesthetics, color/finish, footprint, cache / “cool factor”, cost (of 

course), and many other features.  

 Buyers buy based on their values; they are not irrational because the values may differ from 

yours.   If buyers purchase a refrigerator that is a nice color, even though it is not energy 

efficient, they are not irrational – they have a different value system than you do.  They must 

believe savings will occur, and they also may have a different discount rate than you do, 

causing them to value any stream of savings from energy efficiency quite differently. 

 Sell on those product features that people they want to buy / what attracts them, not what you 

want to sell.  Segment the market and conduct NEBs market research.   NEBs work can 

function as the market research for our field.  Do not assume you know what’s attractive to 

potential customers; do the primary market research and use it.  Sell on what people want to 

buy, and do not lead with or focus on the reasons you want them to buy it. 

 Learn to sell; train the relevant staff in sales techniques.  Selling is listening and leveraging, 

not focusing on facts that the utility or staff feel are most important. .   

 Selling to the same people over and over gets you purchases from those people.  Given the 

lifetime of the investments, this is a recipe for decades of lost opportunities for savings.  Get 

your product endorsed by Jeff Gordon in addition to Ira Glass. 

 
Getting the message to those making purchases at the right time is still very difficult. This is especially 
challenging since many of the purchases for most products like furnaces, appliances, and equipment 
tend to be periodic rather than the much more constant purchase of consumer goods like Tide.  
Identifying strong allies and messengers (that are there when the next round of purchases need to 
occur) is important, and producing compelling information that provides assurance about savings and 
other features will be needed.   
 
EE program and marketing staff could benefit from putting ourselves in the customer’s shoes, seeing 
things from their perspective, and integrating lessons learned on what is important to them (rather 
than us) in the marketing and program designs.  Specifically, we might recognize that to reach the 
next group and to move the needle forward, we need to sell on the other features the people want – 
beyond energy efficiency.   
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Abstract 

It is known from literature that energy consumption of food preparation processes, especially cooking, 
varies greatly depending on the method chosen. In general, specific appliances intended for one 
special process, e.g. coffee machines, electric kettles, egg cooker and so on consume less energy for 
doing the same job as conventional appliances (e.g. hobs or microwaves). Up to now, information on 
which and how many specialized kitchen appliances are available and are regularly used for typical 
cooking processes in households are missing. To get this information, a web-based survey with 727 
participants was carried out in Germany in summer 2016. The results of the consumer survey as well 
as the consequences in terms of energy consumption of cooking processes will be presented. 
 

Introduction 

In 2010, the final total electricity consumption in European households (EU-27) was about 
2836.6 TWh. A substantial share of nearly 10 % of this electricity is consumed for residential food 
preparation including hobs, grills and ovens as well as other appliances destined for food preparation, 
e.g. coffee machines. Despite the introduction of the energy label for electric ovens and its impact on 
energy consumption, there is still room for improvements. [1] 
 
According to Hager and Morawicki [2], the main factors influencing the energy efficiency of residential 
cooking include the type of fuel (electricity, gas, wood), the efficiency of the appliances used and the 
consumer behaviour. In terms of fuel, electricity is predominant in the cooking sector in EU, as only 
19 % of ovens and 42 % of domestic hobs have been operated by gas in 2010 [3]. The same applies 
to other appliances dedicated to food preparation (e.g. coffee machines, kettles, blenders, toasters, 
food processors, etc.). Unless manually-operated, they mostly use electricity as energy source. 
 
Concerning the efficiency of appliances, there are considerable variations. As shown by Oberascher 
et al. [4] and other authors, using appliances intended for a specific application may help saving 
energy if used regularly. For example, boiling eggs with the help of an egg cooker may save as much 
as 50 % of energy compared to a pot (covered with lid) on an electric hob. Similar savings can be 
obtained for boiling water (1 L) with an electric kettle instead of a lidded pot (about - 30 % electricity 
consumption) or a microwave oven (about - 50 % electricity consumption). [4] Das et al. [5] and 
Lakshmi et al. [6] highlighted the energy saving potential of rice cookers. 
 
The highest savings in energy consumption may be expected from behavioural modifications [2]. 
Even simple measures as for example covering a pot with a lid while cooking or filling a pot to its full 
capacity (using a pot with an adequate volume for the food, which should be prepared) may contribute 
to significant savings [7]. Also matching diameter of the cookware with that of the heat source can 
reduce energy consumption by up to 40 % [7], while pre-soaking certain food as for example rice or 
legumes may account for 3-19 % of reduction in the case of rice [5, 8]. Switching off power ahead of 
time and using residual heat is another possibility to save a considerable share of energy. According 
to Carlsson-Kanyama and Bostrom-Carlsson [9], about 17 % of energy can be saved in doing so 
while cooking potatoes. 
 
Investigations by DeMerchand [10] compared cooks with different cooking styles: “patient” style cooks 
(using retained heat, reusing of hot cookware, using at most medium heat setting), “average” style 
cooks (using medium heat setting most of the time, turning-off power after cooking, not preheating 
cookware), “uninformed” style cooks (not using retained heat, leaving on power after cooking, not 
matching diameter of cookware and heat source), “hurried” style cooks (leaving heat source on after 
cooking, not matching diameter of cookware and heat source, using high heat for half of the time) and 
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“highest energy consumption” style cooks, which were in hurry, used high heat settings most of the 
time, did not use cookware with adequate diameters or retained heat and left on heat source after 
cooking frequently. The authors highlighted that “highest energy consumption” style cooks consumed 
twice the amount of energy needed by the “patient” style cooks for preparing the same meal. The 
quality of the dishes resulting from the different cooking styles was not assessed in the study. 
 
Similar results were obtained by Oliviera et al. (2012) [11]. In their study, students were observed 
while preparing a simple meal. They concluded that students participating in the study behave 
extremely differently, even if cooking the same meal with the same appliances and equipment. The 
most energy efficient students consumed three times less energy than the average participants. 
 
The examples mentioned above show that energy consumption of food preparation (especially 
cooking) varies greatly depending on the appliances chosen and on the consumer behaviour. 
However, former studies mainly focussed on energy consumption of cooking processes related to 
hobs and ovens, little is known about specialized kitchen appliances, their market penetration and 
their frequency of use in private households. To get this information, a web-enabled survey was 
carried out in Germany in summer 2016. Against the background that some specialized kitchen 
appliances are considered to be more energy efficient than conventional cooking methods, these 
data could form a basis for calculating the energy saving potential of optimized cooking processes. 
 

Material and methods 

Sample and recruiting 

The target groups of this study were adults living in Germany, who are (partly) responsible for food 
preparation at home. The online questionnaire (in German language) was designed and implemented 
using the online tool SoSci Survey (http://www.soscisurvey.com). The link to the survey was spread 
via Facebook and email. Additionally, a press release encouraging participation in the study was 
released. 
 
Questionnaire 

A web-based survey was carried out in Germany in summer 2016. The questionnaire contained 22 

closed questions covering availability and the frequency of use of specialised kitchen appliances in 

households, self-assessment of cooking skills, acquisition of cooking skills, behaviour in cooking 

water, criteria for choosing cookware and demographics and socioeconomics characteristics of the 

participants. Participants with a cooking frequency of less than once per month were excluded from 

the survey. Care was taken to ensure only consistent answers were recorded. 

Results 

Demographic and socioeconomic characteristics of participants 

82.4 % of the 727 participants were female, 17.6 % were male. Most of the participants were between 
20 and 30 years (48.0 %). Table 1 shows the age distribution of the respondents. The distribution of 
the household sizes is given in Table 2. 
 
Table 37: Age distribution of the respondents 

 
 
Table 38: Distribution of the household sizes of the respondents 

 
 

Age group < 20 years 20 - 30 years 31 - 40 years 41 - 50 years 51 - 60 years 61 - 70 years > 70 years

Percentage of 

respondents 4.1 48.0 14.2 10.3 13.8 6.9 2.6

Household size 1 person 2 people 3 people 4 people 5 people 6 people > 6 people

Percentage of 

respondents 20.5 40.6 18.4 13.7 3.8 0.7 2.3
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Cooking frequency, cooking skills and source of learning 

When asked for their cooking frequency, most of the respondents indicated they are cooking daily 
(58.0 %) or at least several times per week (35.3 %). Participants with a cooking frequency of less 
than once per month (1.2 %) were excluded from the survey. 
 
Participants were asked for a self-assessment of their cooking skills. The most popular answer was 
“good” (54.1 %), followed by “very good” (24.3 %), or “satisfactory” (17.0 %). 3.4 % and 1.2 % of 
respondents deemed their cooking skills to be poor or extremely poor, respectively. 
 
Moreover, it was of interest, how participants acquired their cooking skills. In this question, 
respondents could choose one or more answers from a given list. The overwhelming proportion of 
respondents (80.5 %) described “family members” as a source of learning. The results of this question 
are summarized in Table 3. 
 

Table 39: Cooking skills – source of learning (Multiple answers allowed) 

 
 
Availability and frequency of use of different kitchen appliances 

One of the central questions of the survey is about the availability of specialized kitchen appliances 
and their frequency of use in private homes. The most common appliances are electric kettles 
(94.8 %), hand mixers (88.7 %), toasters (87.9 %) and hand-held blenders (83.4 %). 72.2 % of the 
participants own at least one coffee machine. Home bread maker, ice cream maker, portafilter coffee 
machines and steam cooker have the lowest availability with rates lower than 10 %. Only a few of the 
small kitchen appliances are used on a daily basis or at least several times per week (electric kettles, 
coffee machines, microwave ovens, bread-slicing machines). There is a significant number of 
appliances available in households, which are only used one or two times per year at the most. These 
include, amongst others, raclette grills, waffle makers, bread makers and electric knifes. The results 
are given in Figure 1. 
 
Cooking behaviour 

To get basic information on participants’ cooking behaviour in view of energy consumption, they were 
asked five different questions. 
 
As heating up water is an energy-intensive process, participants were firstly asked how they decide 
on the quantity of water they are boiling. 73.5 % of respondents indicated that they estimate the 
quantity needed, 13.5 % stated to measure it. 4.8 % always fill the electric kettle or pot to its full 
capacity and 3.4 % have never thought about the quantity of water before. Almost one third of the 
respondents admitted to heating up more water than they need in most of the cases.  
 

Source of learning

Percentage of 

respondents

Family members 80.5

"Learning by doing" 55.8

Recipe books 55.4

Internet 32.6

School 13.8

Friends 12.0

TV cooking shows 7.7

Cooking classes 6.7

Professional education 6.2

Journals 5.5

Video tutorials, e.g. Youtube 4.4
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When asked about the usage of a lid while cooking noodles, 12.4 % of respondents indicated to not 
cover the pot at all and 36.9 % to do so until reaching boiling point of the water. 13.1 % of participants 
stated to use a lidded pot after adding noodles to the water. 36.9 % answered that they cover the pot 
partly and 0.8 % to cover it completely throughout the entire cooking process. 
 
A further question was about the temperature setting until reaching the boiling point of water. 
Whereas 81.1 % of participants stated to use the highest temperature setting until the boiling point is 
reached, 18.9 % indicated to lower the heat before. According to their own statement, 45.8 % of 
respondents repeatedly manipulate temperature setting after reaching the boiling point, 25.6 % use a 
medium temperature setting throughout the entire cooking process. A low or a high temperature 
setting is chosen by 18.7 and 2.6 % of the participants, respectively. 7.3 % answered that they lower 
the temperature setting in the case the water is spilling over. 
 
At the end of the cooking process, 78.0 % of participants indicated to use retained heat by turning-off 
the heat before the cooking process is completely finished whereas 22.0 % stated to switch it off as 
soon as the food is ready. 
 

 
Figure 92: Availability of (small) kitchen appliances and frequency of use 

 

Discussion and conclusion 

The study revealed that consumer behaviour in cooking and availability of kitchen appliances differ a 
lot. Figure 1 clearly indicate that participants are well equipped with appliances recommended for 
energy efficient cooking, as for example electric kettles, microwaves or coffee machines. Taking a 
closer look at the frequencies of use, it can be assumed that these appliances are not used for every 
cooking process they could be used for and that there is still room for improvement. As an example, 
boiling water using an electric kettle can save about 50 % of energy compared to other methods [4].  
 
A detailed analysis of the cooking behaviour also implies that considerable savings in energy 
consumption can be reached without additional equipment, simply by following a few simple tips as 
for example covering a pot with a lid throughout the entire cooking process, using the highest 
temperature setting until reaching the boiling point and adjusting the setting subsequently or using 
residual heat by switching off power ahead of time. Previous studies have shown that complying with 
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such simple measure can save at least 50 % of energy [10, 11]. The results of this study suggest that 
especially some recommendations as to cover a pot with a lid throughout the entire cooking process, 
to use residual heat and to use specialised kitchen appliances (e.g. electric kettles, egg cookers) for 
certain jobs are partly not known or accepted, providing considerable room for improvement. 
 
Even though the absolute amount of energy saved in one single process seems to be low, the 
savings per year are significant, especially on a national or international basis, as most of the 
processes are performed in every single household at least once per day and savings consequently 
accumulate. Under the assumption that 50 % of the households do not follow the recommendations 
for energy efficient cooking and that 50 % of energy can be saved by complying with these 
recommendations, the saving potential amounts to 25 %. Accordingly, the energy consumption for 
cooking in Germany could be reduced from 12.9 TWh to 9.7 TWh (own calculations based on [12, 
13]). 
 
The facts mentioned above underline the demand for more intensive consumer education, which is 
referred to as “the most valuable source of energy conservation” by Hager and Morawicki [2]. As 
recipe books and the internet are described as frequent sources of cooking skills, these media may 
be an interesting and suitable mechanism for education and dissemination activities. 
 
As a further finding of the study, data in Figure 1 imply that there is a significant number of appliances 
available in households which are only used one or two times per year at the most. These include, 
amongst others, raclette grills, waffle makers, bread makers and electric knifes. Low cost prices and 
the fact that the appliances mentioned before are regularly offered by supermarkets and discounters 
may be named as reasons for this phenomenon. Against the background of sustainability, especially 
in view of the energy consumption during the production process and the raw materials needed, this 
aspect has to be seen as critical and it should, in the future, be given more attention. 
 
The questions about cooking behaviour in this study focussed on boiling water, because it is an 
energy-intensive and central process in daily food preparation. For instance, water is involved in 
preparing hot beverages (coffee or tea), eggs, pasta, rice, potatoes and other vegetables. In future, 
further cooking processes (e.g. frying or baking) should be investigated. 
 
It has to be noted that the present study is a non-representative study over-representing the group of 
people in the age of 20-30 years. However, this study provides valuable information on how 
consumers behave when preparing food at home, especially in view of energy consumption, and on 
the availability and frequency of use of specialised kitchen appliances. Against the background that 
some of the specialized kitchen appliances are recommended for energy efficient cooking, results of 
this study could form a basis for calculating the energy saving potential of optimized cooking 
processes. 
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Abstract 
 
Engaging consumers in energy efficient behaviour is complicated. Despite most consumers 
consistently claiming to care about energy efficiency, this attitude all too frequently fails to materialize, 
creating what is often labelled as the attitude behaviour gap. This paper draws on insights gained 
from the use of a novel consumer platform, designed to provide a meaningful one-time behavioural 
intervention, namely to influence consumers to buy a highly efficient product when shopping for new 
appliances. As a one-time intervention, the opportunity for effectiveness is high, and the risks 
associated with persistence of effect are removed, since savings over the lifetime of the product are 
delivered through the better purchase. This paper reports a series of randomised controlled trials 
(RCTs) focused on behavioural levers at the disposal of utilities in engaging consumers in more 
efficient purchasing. The studies reveal support for distinct influences on consumer decision making in 
the energy saving context, such as simple cues for efficiency, or more personalised quantifications of 
savings, and provides novel insight into how decision context can moderate efficient choices. This 
paper also reports the tangible energy savings that would have been delivered through the 
experiment design. This growing body of experimental results suggests that making efficiency visible 
(with the granular, daily updated energy score, as well as personalised energy savings), and injecting 
these cues into the modern –  increasingly digital –  shopping journey, can influence consumers to 
make more energy efficient purchasing decisions. 
 
Keywords: energy efficiency, consumer preferences, decision aids, decision-making styles. 

 
 
1. Introduction 
 
There is a sound and simple argument for consumers to engage energy saving behaviours at home: 
to do so saves the consumer money. Such behaviours can include adjusting thermostat settings, 
turning off unused appliances, or time-shifted use. Yet even where these frequent or regular 
interventions can get a hold initially, decay effects are often seen, with consumer behaviour trending 
back to pre-intervention levels (Walker, Thomas, & Verplanken, 2015). Away from these incremental 
efforts, one-off behavioural energy efficiency interventions, such as the installation of energy saving 
devices including smart thermostats or smart meters, are also not without their challenges. Whilst 
such interventions may mitigate for the risk of decay by their ‘one-off’ nature, consumer adoption 
remains low (Citizen's Advice Bureau, 2016; Reiner & Oseni EPRG, 2014), with arguments persisting 
that a clear consumer benefit is still not clearly communicated (Connington, 2015). Even where 
reported consumer attitudes toward energy saving and its positive impact on the environment are high 
(e.g. IPSOS, 2016), these attitudes typically do not materialise in terms of behaviour, giving rise to the 
‘attitude behaviour gap’ (Carrington, Neville, & Whitwell, 2010). This gap has been investigated 
extensively (Antonetti, 2014; Juvan & Dolnicar, 2014; Petrocelli, Tormala, & Rucker, 2007), with 
arguments being made it exists due to a myriad of social and psychological phenomena such as 
rational inattention (Sallee, 2014), heuristics-based decision making (Gigerenzer, 2008; Tversky & 
Kahneman, 1974), social influence (Cialdini & Nolan, 2005), mental accounting (Kahneman, Knetsch, 
& Thaler, 1991), discounting (Green & Myerson, 2004), reactance (Brehm, 1966) or indeed political 
affiliation (Costa & Kahn, 2013). 
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Purchasing highly efficient products and appliances should in theory provide an excellent context in 
which to create a one-time intervention to drive energy savings, since the consumer is already in 
market to buy the product or appliance. Energy efficiency labelling attempts to do this, yet both 
endorsement and categorical label schemes lack differentiation (a high proportion of products in each 
category may carry the highest efficiency label available) and voluntary schemes do not cover the 
entire market. In the US, for example, the market saturation of ENERGY STAR-certified TVs has been 
between 89% and 99% in recent years

163
. As a consequence, the labelling fails to signal the 

necessary feedback (Hargreavesn, Nye, & Burgess, 2010) for the consumer’s decision. Moreover, 
where more detailed information has been presented to consumers, in the form of estimated average 
lifetime running costs (DECC/John Lewis, 2014), this has also failed to significantly influence 
consumer choice.  
 
Thus even at this interesting and potentially more natural intervention point, two challenges present 
themselves. Firstly, current consumer-facing labelling – and its underlying data – fails to accurately 
reveal the more efficient (or indeed the most efficient) alternative for the consumer. And second, when 
these data are translated into potential dollar savings – albeit extremely generalised – the anticipated 
shift in behaviour fails, in the main, to materialise, suggesting the attitude behaviour gap is present 
even in this behavioural context. That said, the benefits from a successful intervention at this natural 
consumer decision point are compelling and cannot be ignored. By the authors’ estimates, nudging 
30% of U.S. product purchase decisions across four product categories (refrigerators, dishwashers, 
dryers, TVs) in a single year towards super-efficient models with Enervee Scores of 90+ would save 
over 15,100 GWh, more energy than needed to meet the annual residential electricity demand of Los 
Angeles and Sacramento combined. 
 

 
2. Study Introduction 
 
Recognising this opportunity to deliver such a substantial effect through influencing consumer choices 
at an obvious and friction-free intervention point, this paper reports on a series of independent 
randomised controlled trials that were designed to better understand the potential to steer consumers 
toward making highly efficient choices at the moment of purchase. Five revealed preferences studies 
are reported here. 
 
More specifically, Study 1 establishes the experimental design used within this paper, and looks at the 
use of two unique cues to influence consumer choice in a single product category (washers). These 
unique cues are: i) an energy score given to each appliance in a product category, and ii) specific 
energy bill savings, presented in dollars, for any selected product compared to a category average 
new product. Study 1 tests the effect of these interventions on product purchase preference. Studies 
2 and 3 extend these results. Study 2 tests these same two variables in the context of low-income 
consumers. Study 3 then further tests the effectiveness of the energy saving cue specifically. Study 4 
then focuses on a non-product influence on product preferences, namely buying context (a rushed 
purchase vs. a planned purchase). With Studies 1 to 4 all using the washer appliance category, Study 
5 tests whether these results are seen within a second product category, namely TVs. TVs were 
chosen specifically as the authors believed TV purchases were distinct from white goods purchases 
because of engagement and decision style, and as such represented a valid further test of the 
intervention effectiveness. Finally, some additional analysis is presented that interrogates the 
preference data from Study 6 to better understand the concrete energy savings that could be 
delivered were such interventions carried out in the market. 
 
All six studies are presented as ‘quasi-field’ revealed preference studies, in that they all involved 
consumer respondents revealing product preferences in an ecologically valid setting, namely what 
respondents understood to be a test version of a new consumer comparison and shopping platform 
for appliances and products for the home, and which they were accessing from outside of a laboratory 
or obvious test setting. More detail regarding design and cover story is presented momentarily. 
 
 

 

                                           
163

 See ENERGY STAR unit shipment data for 2014 and 2015 (the most recent years for which data are available) at: 
https://www.energystar.gov/index.cfm?c=partners.unit_shipment_data_archives 
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3. Energy Efficient Choices with Two Distinct Decision Aids (Study 1) 
 
Study 1 focused on presenting consumers with two data-derived cues that can aid more efficient 
choices, namely a product-specific energy efficiency score (0-100) and a product-specific energy 
savings calculation (dollars), based on that product compared to a relevant category average product. 
Two hypotheses were formulated as the basis for this first study. First, it is proposed a 0-100 energy 
score rank for products is intuitive and easy to understand i.e. highly fluent for a consumer in terms of 
making a selection (Oppenheimer, 2008). That is to say, a ranking score requires little effort from the 
consumer to assess relative performance (Chater, Huck & Inderst 2010). Consequently: 
 
H1: Providing consumers with a 0-100 energy efficiency score for individual product models will have 
a positive and direct influence on consumers expressing a preference for more efficient products 
 
Second, providing consumers with a positive dollar consequence of energy efficiency, in the form of 
energy bill savings, should clarify and make salient the personal financial benefits of an energy 
efficient choice, and as such be a compelling argument (Newell & Siikamäki, 2013). This gives rise to 
our second hypothesis, namely:  
 
H2: Providing consumers with the projected financial savings from individual products, compared to a 
baseline product, will have a positive and direct influence on consumers expressing a preference for 
more efficient products. 
 
3.1 Study Design, Cover Story and Sample 
 
The design involved having consumers use a modified and restricted version of the Enervee 
Marketplace (REF). Specifically, only one product category was available (washer), and a limited 
number of products within that category were available, based on the number of products naturally 
showing on a single page load of the main platform. All the products shown were genuine products 
currently for sale in the US, to increase ecological and face validity for respondents. Four conditions 
were created, in order to run all four manipulations: score & savings (condition 1), score & no savings 
(condition 2), no score & savings (condition 3), and no score, no savings (condition 4). This 
represents a 2x2 between subjects design. This design also tests for any interaction effects between 
the two manipulations. 
 
Respondents were invited to visit what they were led to believe was a prototype consumer shopping 
site, whereby consumers could research potential appliance products. Respondents were requested 
to imagine they were in market for a new washing machine purchase (irrespective of reason), and 
were invited to review and explore the site. All four conditions mimicked the Marketplace sites in that 
respondents could see a search result page (list of washing machines), with key information next to 
each machine (see Fig. 1) and could then explore any machine in more detail via the individual 
product model profile page. The initial sort order of the search results was randomised and consistent 
across all four conditions. Respondents could move between search results and specific product 
profiles as often as they wanted. Before reviewing and exploring products, respondents were 
prepared to record their top three product choices, based on their experience on the site.  
 
Where the energy variables (energy score and energy savings) were removed from the user 
experience on the site for the respective conditions, “filler” variables were inserted to maintain overall 
site experience and stimulus load consistency. More specifically, the filler variables were spin speed 
and whether the machine was stackable or not. These attributes were included in the summary details 
of the product within all four conditions, ensuring respondents were not receiving new information in 
these instances. 
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Figure 1. Adapted Marketplace for Washers 

 
 
 
Two-hundred respondents were recruited via an established research panel provider, and were 
allocated at random across each condition until a cell sample of 50 was reached for each condition. 
Respondents were pre-screened for residency in the US to bolster the face and ecological validity of 
the study. 
 
3.2. Measures 
Respondents chose their top three washer models from the options provided. These choices 
represent the dependent variable for the study. The responses were measured through respondents 
allocating a ‘1, 2, 3’ position to their top three chosen products. Once the top three choices were 
recorded, perceptions of the marketplace’s positioning (pro-energy saving) were measured (via a 
single Likert-style item). Respondents were also measured for pro-environmental attitudes and 
disposition, via an established 4-item scale (Schuhwerk & Lefkoff-Hagius, 1995).  

 
3.3. Study 1 Results 
 
3.3.1. Direct effects 
To reiterate, respondents were asked to select their top three choices from a range of nine washing 
machines, with respondents exposed to conditions that presented either the energy score, the energy 
savings, both items, or neither item (as the control). Considering the 2x2 factorial design and the 
inclusion of a possible co-variate in terms of pro-environmental attitudes and disposition, analysis was 
conducted via ANCOVA. 
 
Providing consumers with the energy score for products has a significant and positive effect on 
energy efficient product selection (F=9.425, p<.01), with consumers presented with the energy score 
making a more energy efficient first choice than those without the score (MEnergyScore1 = 89.5, SD=8.43 
vs MNoEnergyScore1 = 85.5, SD=7.54). When looking at the average efficiency of the selected products 
across the three choices made, once again, the energy score effect is significant, with respondents 
exposed to the energy score making more efficient choices overall (F=9.878, p<.01; MEnergyScore123 = 
87.3, SD=3.91 vs MNoEnergyScore123 = 85.3, SD=3.96). As such, H1 is supported.  
 
No direct effect is found for providing the energy savings information, either for the first choice (F=.22, 
p>.1), or for the top three choices combined (F=.754, p>.1). Consequently, H2 is not supported.  
 
3.3.2. Interaction effects 
No significant interaction effect is found between the two manipulated variables, either at the first 
choice level (F=.193, p>.1), or the combined three choice level (F=.307, p>.1).  
 
3.3.3. Control variables 
There is no significant direct effect of the energy score influencing consumer perception of the 
positioning of the marketplace (F=1.821, p>.1), although the energy savings effect was significant 
(F=15.08, p<.01), with those in the energy savings condition perceiving the site as more pro-energy 
efficiency (MEnergysSavings = 6.14, SD=.96 vs MNoEnergySavings = 5.32, SD=1.26). There was no significant 
interaction effect on perception of site positioning (F=1.739, p>.1).  
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Variations in pro-environmental attitudes and predisposition were not significant across the four 
conditions (item 1, F=.041, p>.1; item 2, F=.000, p>.1; item 3, F=.275, p>.1; item 4, F=.138, p>.1), 
lending support to the argument that significant effects recorded across the conditions are a product 
of the information manipulations (energy score and energy savings), and not in-sample biases. 
 
3.4.  Study 1 Discussion 
The results from Study 1 support the argument that the energy score is influential in delivering more 
energy efficient choices – both the first choice, and the average choice (across three selections). 
Moreover, whilst Study 1 finds no support for the second hypothesis i.e. that energy savings make 
energy efficient choices concrete for consumers, it is tentatively proposed that it lends support to the 
argument that unless savings amounts are perceived as personalised, they fail to encourage energy 
efficient behaviour due to a lack of relevancy or credibility.  
 
Beyond the energy score and energy bill savings influences, the results of Study 1 also reveal or 
confirm two other observations with important policy implications. First, despite the fact that the 
energy score leads to more efficient product choices, consumers do not perceive the associated pro-
energy efficiency positioning of the platform. That is to say, the energy score may be operating at a 
subconscious level. This raises interesting questions regarding the oft-assumed need to overtly 
educate consumers in issues of energy efficiency. It is also worth mentioning that the pro-energy 
efficiency positioning was perceived within the energy savings cells. This may limit the value of such 
information, and could indicate some form of ‘environmental reactance’. And second, no significantly 
distinct pro-environmental attitudes were detected, lending support to the arguments that the trial 
controlled for any underlying environmental bias and exerted an effect at a subconscious level.  
 

 
4. Energy Efficiency Choices Under Financial Stress (Study 2) 
 
Whilst securing an effect from the energy score is both interesting and encouraging, especially 
considering no presence of pro-environmental attitudes amongst the respondents, Study 3 focused on 
replicating the effect albeit with a different respondent sample. More specifically, Study 3 focused on 
low-income respondents in order to better understand the potential for the energy score and energy 
savings information to influence purchasing preferences amongst this potentially difficult-to-engage 
and particularly vulnerable group of consumers (Heffner & Campbell, 2011; Hernández & Bird, 2010).  
 
Recognising the intuitive and easy-to-process nature of the energy score, it is argued that financially 
constrained consumers will be similarly influenced by the energy score in terms of revealing more 
efficient preferences, since the higher score signals higher energy efficiency, which is turn leads to 
long-term financial savings. This leads to our third hypothesis: 
 
H3: Providing low-income consumers with a 0-100 energy efficiency score for individual product 
models will have a positive and direct influence on low-income consumers expressing a preference for 
more efficient products. 
 
Moreover, low-income consumers may fixate or focus on communications referencing financial sums 
and figures (Mani, Mullainathan, Shafir, & Zhao, 2013), with the reference of money and savings 
alerting or priming their awareness of belonging to a financially constrained consumer group 
(Champniss, Wilson, & Macdonald, 2015; Champniss, Wilson, Macdonald, & Dimitriu, 2016). 
Consequently, it is argued that low-income respondents will use the energy savings figures presented 
to move their preferences toward more efficient models. This leads to our fourth hypothesis, namely: 
 
H4: Providing low-income consumers with the projected financial savings from individual products, 
compared to a baseline product, will have a positive and direct influence on consumers expressing a 
preference for more efficient products. 
 
4.1. Study Design 
Study 2 mimicked all aspects of Study 1, except for a different sample. The sample for Study 2 was 
taken from an established online academic panel provider and were pre-screened using the platform’s 
own socio-economic filter, whereby panel members had previously ranked themselves on income, 
importance and social status. This was measured via a scale that ran from 0-10, with 10 being highest 
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income, importance and social status. Respondents who with scores of 3 or less were put forward for 
Study 3. Again, 50 respondents were allocated at random to each condition within the study. 
 
4.2. Results 
 
4.2.1. Direct effects 
Providing low-income consumers with the energy score for products (the relative energy efficiency on 
a scale of 0-100) has a significant and positive effect on energy efficient product selection (F=19.145, 
p=0), with consumers presented with the energy score making a more energy efficient first choice 
than those without the score (MEnergyScore1 = 89.32, SD=8.1 vs. MNoEnergyScore1 = 84.49, SD=7.61). When 
looking at the average efficiency of the selected products across the three choices made, once again, 
the energy score effect is significant, with respondents exposed to the energy score making more 
efficient choices overall (F=19.548, p=0; MEnergyScore123 = 86.89, SD=3.6 vs. MNoEnergyScore123 = 84.59, 
SD=3.58). As such, H3 is supported.  
 
Regarding energy saving information, providing low-income consumers with this information has a 
partially significant effect with respect to their first choice (F=3.29, p=.07) with consumers presented 
with the energy score making a more energy efficient choice (MEnergySaving1 =87.91 SD=7.81 vs. 
MNoEnergySaving1= 85.91, SD= 7.91).  When looking at the average efficiency of the choices made, the 
energy score has a significant effect (F=4.13, p<.05), with low-income consumers preferring more 
efficient models (MEnergySaving123 =86.28 SD=3.61 vs. MNoEnergySaving123= 85.22, SD= 3.75). As such, H4 is 
tentatively supported.  
 
4.2.2. Interaction effects 
No significant interaction effect is found, either at the first choice level (F=.895, p>.1), or the combined 
three choice level (F=.346, p>.1).  
 
 
4.3. Study 2 Discussion 
 
We find tentative support for our hypothesis that providing low-income consumers with energy savings 
information leads to more efficient product preferences. In addition, the energy score demonstrates a 
significant effect amongst this sample also. This lends overall support to the argument that with low-
income consumers, both factors could be instrumental in driving more efficient purchases. However, 
once again with no interaction effect observed, support continues to build for the argument that these 
two factors trigger distinct effects in terms of influencing consumer preference. Our tentative 
suggestion at this stage is that the energy score may elicit a hot (Peters, Västfjäll, Gärling, & Slovic, 
2006) or impulsive (Strack, Werth’, & Deutsch, 2006) decision style due to it being simple to process 
and the natural desire to ‘score’ as highly as possible. Conversely, the energy savings information 
prompts a more reflective/cool decision-making style (Peters et al., 2006), due to the additional 
cognitive request to process.  
 

 
5. Making Energy Efficiency Salient for All Consumers (Study 3) 
 
The results from Study 2 support the argument that the energy savings information can be salient for 
consumers, and an argument exists that this salience results from the primed financial focus or extant 
preoccupation of low-income consumers. Study 3 looks to identify a means by which the energy 
savings cue can be salient for a broader sample of consumers. To test this, this paper returns to the 
earlier concept of cue fluency (Oppenheimer, 2008) and its potential impact on eliciting different 
decision-making styles. Decreasing the fluency of a cue can lead to increased processing effort 
applied to that cue (Tversky & Kahneman, 1974) as a means to understand it. This was vividly 
demonstrated with the Cognitive Ability Test (Kahneman, 2003) and variations in performances due to 
the font used to record the puzzles , the argument being that decreased fluency resulted in greater 
mental effort to process the puzzles, which in turn resulted in respondents’ System 2 decision styles 
checking and correcting previously unchallenged and incorrect System 1 responses (Kahneman, 
2003). Accepting the argument that a disfluent (Oppenheimer) font can lead to more reflective 
decision-making style (Strack et al., 2006), and higher involvement (Petty & Cacioppo, 2011), it is 
feasible that presenting the energy savings information in a less fluent style may deliver the desired 
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result, since the effort to process the cue will cause consumers to process the financial argument for 
energy savings, and thus make a more efficient choice. This gives rise to our fifth hypothesis, namely: 
 
H5: Decreasing the fluency of the energy savings information for consumers will result in consumers 
expressing a preference for more efficient products. 
 
5.1. Study Design 
 
The 2x2 between subjects study design repeated that of Study 1, with the same manipulations, same 
cover story and a sample drawn from the same panel provider (N=200). However, the energy savings 
cue is now presented in a font identified as highly disfluent; Haettenschweiler (Diemand-Yauman, 
Oppenheimer, & Vaughan, 2011). See Fig. 2. 
 
Figure 2. Use of Disfluent Font 

 
 
5.2. Results 
 
5.2.1 Direct effects 
With energy savings presented in a disfluent font, consumer product choices reveal a marginally 
significant result with respect to the first product choice, with consumers choosing a more efficient 
product when the energy savings information is included (MEnergySavings = 88.3, SD =  7.56 vs. 
MNoEnergySavings = 86.6, SD = 7.24; F=2.77, p<.1).  
 
The energy score also results in a more efficient first choice (MEnergyScore = 89.66, SD = 7, vs. 
MNoEnergyScore = 85.28, SD = 7.75; F=17.52, p<.001). 
 
5.2.2. Indirect effects 
There is also an interaction affect between the two independent variables recorded, with the presence 
of the energy score removing any significant effect of the energy savings information (F=4.395, 
p<.05). 
 
5.3. Study 3 Discussion 
 
These results are interesting for two reasons. Firstly, they lend tentative support to the argument that 
energy savings figures can be made salient and influential for consumers simply in terms of 
presentation style, rather than actual value. This highlights the potential importance of user 
experience and interface, and their roles in making the quantification of energy efficient choices 
meaningful for consumers, above and beyond the actual dollar savings of such choices. Second, the 
presence of an interaction effect lends tentative support to the argument that these two interventions 
rely on, or indeed invoke, distinct decision making styles. More specifically, with the previous studies 
in this paper proposing the energy score as an intuitive and easy to process decision aid, this 
reported interaction effect lends support to the argument that the energy savings information requires 
consumers to engage more fully with the cue. Moreover, the lack of significant effect from the energy 
savings information when the energy score is present, also supports extant results that propose 
consumers favour a more intuitive, less cognitively onerous decision style. 
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6. Energy Efficient Preferences Under Different Buying Conditions (Study 4) 
 
To further test the proposition that the proposed interventions rely or influence differing decision-
making styles, the fourth study looks to manipulate the reason why a consumer is in market to replace 
a product or appliance. Frequently within energy efficiency buying research, much weight is given to 
broad demographics and psychographics to predict the tendency to purchase (e.g. Fankel & Tai, 
2013; Finisterra do Paço, Barata Raposo, & Filho, 2009). Recognising that decision-making style e.g. 
hot vs. cold (Peters et al, 2006), reflective vs. impulsive (Strack et al.,2006), or peripheral vs. central 
(Petty & Cacioppo, 1986) could vary from product purchase to product purchase, we considered it 
important to tentatively test the capabilities of the energy score and energy savings factors in different 
buying contexts.  
 
In Study 4, a manipulation is made to the cover story, creating a ‘why buy’ context variable. More 
specifically, one context can be where the washing machine has just broken down and needs 
replacing quickly (a ‘distressed’ purchase context), and one can be where there is a broader home 
remodelling process underway, and the opportunity to replace the washing machine presents itself as 
part of this wider planned initiative (a ‘planned’ purchase context). 
 
We propose that within a distressed purchase context, the locus of attention of the consumer will be 
on replacing the appliance as quickly as possible, and cognitive load will be high due to the perceived 
pressure of needing to replace the product. In this instance, we propose a focus on energy efficiency 
in the form of the energy score will be lower, due to increased cognitive load and in ego depletion, 
resulting in a decision more oriented toward instant gratification or goal meeting (Shih & Fedorikhin, 
2007), than in the case of a planned purchase, since the latter affords the consumer more time to 
consider and reflect on their options, with energy efficiency (potentially for financial and social 
reasons) a relevant criterion. This leads to our sixth hypothesis: 
 
H6: Consumers within a distressed purchase context will make less energy efficient choices than 
consumers within a planned purchase context.  
 
That said, considering the intuitive ease with which consumers can use the energy score (Reber, 
Winkielman, & Schwarz, 1998), it is anticipated that consumers will buy more efficient products when 
the energy score is present. More specifically, in the distressed purchase context, it is proposed this 
will occur since the score represents a useful aid to a fast ‘hot’ (Peters et al., 2006) decision making 
style. Conversely, in the planned purchase context, it is proposed the score may be an easy to 
process piece of information that can be easily added to the wider range of other attributes that shape 
the decision. This leads then to our seventh hypothesis: 
 
H7: Providing consumers across both buying conditions with a 0-100 energy efficiency score for 
individual product models will have a positive and direct influence on those consumers expressing a 
preference for more efficient products. 
 
Finally, considering respondents now have a more contextualized buying scenario (by virtue of being 
told either it is a distressed purchase or a planned purchase in the set-up), it is proposed the energy 
savings will become more relevant and influential in influencing preferences. In the same way the 
energy savings information was salient for low income respondents in Study 2, and its salience was 
arguably bolstered via a disfluency effect in study 3, so it is proposed its salience will increase now for 
all respondents, by virtue of a more ecologically valid, i.e. contextually rich, buying scenario. 
Consequently: 
 
H8: Providing consumers across both buying conditions with the projected financial savings from 
individual products, compared to a baseline product, will have a positive and direct influence on those 
consumers expressing a preference for more efficient products. 
 
6.1. Results 
 
6.1.1. Direct effects 
Consumers placed in the distressed purchase context made a first choice preference that was 
significantly different than the first choice of those consumers in the planned purchase context 
(F=5.05, p<.05), with those in the planned purchase context revealing a preference for a more 
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efficient product (MPlanned1= 87.6, SD= 7.69 vs. MDistressed1 = 86.1, SD = 7.14). When looking at the top 
three choices, the same pattern emerges (F=6.01, p<.05), with those in the planned buying context 
revealing preferences for more efficient products (MPlanned123 = 86.14, SD = 3.64 vs. MDistressed123 = 
85.46, SD = 3.46). As such, H6 is supported.  
 
With respect to the first choice, there is a direct effect of providing the energy score to consumers 
(F=30.2, p=0), with a significant increase in energy efficient preferences when the energy score is 
present (MEnergyScore1 = 88.9 SD = 7.33 vs. MNoEnergyScore1 = 84.84, SD = 7.5). Regarding the top 3 
choices, the similarly significant effect is seen (F=29.84, p=0), with those seeing the energy score 
revealing preferences for more efficient products (MEnergyScore123 = 86.78, SD = 3.86 vs. MNoEnergyScore123 
=84.85, SD = 3.23). As such, H7 is supported. 
 
Regarding energy saving information, when it comes to the first choice, there is a significant effect 
(F=7.29, p<.01), with consumers seeing the energy saving information revealing preferences for more 
efficient products (MEnergySaving1 = 87.88 , SD =7.66 vs. MNoEnergySaving1 = 85.87 , SD = 7.18). Regarding 
the top 3 choices, the effect is also significant (F=5.86, p<.05) with consumers consistently choosing 
more efficient products when shown the energy saving information (MEnergySaving123 = 86.23, SD= 3.57 
vs. MNoEnergySaving123 = 85.37, SD=3.53). As such, H8 is supported.  
 
6.1.2. Interaction effects 
No significant two-way interaction effect is found between energy score, energy savings or buying 
context, at the first choice level (F=2.54, p>.1), but a significant interaction effect is seen at combined 
three choice level (F=3.906, p<.05). This 3-way interaction effect is shown graphically in Fig. 3. 
 
6.2. Study 4 Discussion 
 
This study finds support for consumers seemingly discounting energy efficiency criteria when in a 
distressed purchasing context, when compared to a more measured, planned buying context. 
Considering these are two likely and distinct buying contexts, these results lend support to the 
argument that traditional demographic and psychographic segmentation bases are, at the very least, 
not alone in predicting preferences, and are, at worst, inappropriate for such predictions, considering 
their lack of consideration for such granular and potentially fleeting influences. However, in both 
manipulated buying contexts, we continue to find support for the energy score leading to more 
efficient choices. We also see support in this study 4 for the effectiveness of the energy savings 
information. Whilst absent from Study 1, we propose the effect is seen here due to the higher face 
and ecological validity for respondents, in turn meaning the factor becomes salient to the individual 
and their decision-making style. Again, this lends support to the argument that a second lever is 
available to influence consumers.  
 
 
Figure 3. Three-Way Interaction Effect Between Energy Score, Energy Savings and Buying 
Context 
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Notable, there is also a 3-way interaction effect observed in study 4. This further supports the 
argument that the relationship between the energy score and the energy savings is influenced by the 
buying context. Whilst not formally hypothesized, it can be argued that this is to be expected since it is 
likely the decision-making styles are very different across these two buying conditions. More 
specifically, in the planned buying context, energy efficiency may well be a valid criterion for 
consideration, and the energy score provides an easy and intuitive guide to maximizing this attribute. 
As such, when energy savings are also added alongside the energy score, there is no significant 
step-up in efficiency in terms of revealed preferences, since the energy score has already delivered 
that shift in decision. Conversely, in the distressed buying context, it is argued the energy score may 
be too abstract and distant from the financial criteria most likely more salient under such conditions. 
However, when energy savings – in concrete dollars – are presented alongside the energy score, 
there is a significant increase in preferences for energy efficient alternatives. This, it is proposed, is 
due to the energy savings contextualizing the energy score in a more tangible representation that is 
meaningful to distressed buyers, namely showing a dollar saving impact. With the energy score now 
quantified for these shoppers, the score then becomes a useful and concrete proxy to then make 
even more efficient choices, as this fluently signals greater dollar savings for the distressed buyer. 
 
 

7. Preferences in the TV Product Category (Study 5) 
 
Studies 1-4 have examined the effects of two interventions on consumer preferences in the context of 
one product category, namely washers. Whilst the washer category has been maintained across 
these studies for consistency, it is also important to understand if the energy score and energy saving 
interventions are effective in other categories. Study 5 is the first step to determine this. More 
specifically, study 5 tests whether consumer preferences for choices for televisions are similarly 
influenced. Televisions were selected since they represent a significant departure for the consumer in 
terms of choice and engagement, when compared to white goods in general, and washers 
specifically. Television purchases are likely far more influenced by more elaborate and reflective 
decision-making, with choices far more attribute and attitude-based (Jang & Yoon, 2016; Zoi & Flora, 
2009) i.e. influenced by features and brands. Despite this potentially more elaborate decision-making 
context, it is proposed the energy score will still be effective in influencing a more energy efficient 
purchase. This is because the score is both simple to understand, and engaging (‘aim for 100’). As 
such, the energy score may resonate with both a decision-making style that is more impulsive and hot 
(such as a brand-as-a-heuristic influenced choice), and one that is more reflective and cool (such as 
considering the specific energy score as an attribute for purchase). This leads to our ninth hypothesis: 
 
H9: Providing the energy score information to consumers engaged in choosing a new television will 
have a positive and direct influence on those consumers expressing a preference for more efficient 
products. 
 
With respect to the energy saving information, on the one hand, the specific cost saving information 
may be considered a valid attribute within a more deliberative, attribute-based decision making style. 
In which case, it can be argued that the energy saving information would influence preferences 
toward a more efficient choice. However, it could also be argued that, because a TV purchase may be 
more impulsive, hot and attitude-based (brand), such an attribute would not be salient for the 
consumer, since it does not suit the relevant decision style. Recognising that TV purchases may 
involve both decision styles, no formal hypothesis is presented regarding the potential for the energy 
savings information to influence preferences. 
 
As per previous studies, the design for Study 5 involved creating a reduced and controlled version of 
Enervee Marketplace, but this time for TVs. Again, 9 products were used, to mimic the initial search 
page results from the platform. The TVs all carried a 55” screen, were of varying energy efficiency, 
and were all genuine products for sale in the US market at the time of the study. Once again, 
respondents were allocated at random to one of four conditions, determined by the inclusion or 
absence of the energy score and the energy savings information. As per Study 1, respondents in this 
study were not given a more elaborate cover story in terms of why they were selecting a new TV, but 
rather were simply briefed they were to test a new shopping platform as if looking to buy a new TV. 
The dependent variable remained the consumer choice of product. This resulted, once again, in a 2x2 
between subjects design, N=200. 
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7.1. Results 
 
When consumers are presented with the energy score, there is a marginally significant effect, with 
consumers choosing more efficient product when the score is present (MEnergyScore = 84.38, SD = 14.97 
vs. MNoEnergyScore = 80, SD = 17.3; F=3.76, p=.05).  As such, H9 is tentatively supported. 
 
It should be noted that no significant result was seen for the second or third choice. However, it is 
argued this may be in keeping with the more involved, impulsive decision making style for TV 
selection, whereby efforts are given to the first choice only (‘I want this one’).  
 
The energy savings information did not demonstrate a significant effect on the first preference 
(F=.048, p>.1) nor was there a significant interaction effect between the energy score and energy 
savings (F=.267, p>.1).  
 
7.2. Study 5 Discussion 
 
Repeating the same experimental design from earlier studies but using an alternative product 
category that exercises, arguably, a very different decision-making style, tentatively reveals further 
support for the argument that the energy score (0-100 score) remains an effective decision aid for 
consumers in terms of being steered toward more efficient choices. Whilst preliminary, these results 
are heartening, and speak to carrying out more elaborate tests in alternative categories. It should also 
be noted that the marginal significance of the first choice preference may have been a product of 
widely varying efficiency scores for the products in the test (as shown by the high SD reported). 
Indeed, when the score data for the nine products are recoded to be ordinal, significance is 
established.  
 
As to the mechanism by which the energy score influences in this distinct product category, the 
results again offer gentle support for its effectiveness being due to it operating both as a heuristic-
based aid (just aim for the high number) and as a clear product attribute (concrete efficiency 
measure). As such, it can be suggested the energy score works across both decision-making styles. 
Further investigation is strongly recommended, considering the clear potential for such an intuitively 
simple decision aid.  
 

 
8. Energy Efficiency Consequences 
 
Having reported on a series of experimental trials that reveal the potential of two distinct, yet comple-
mentary consumer decision aids, this paper now offers some initial analysis of the actual energy 
consumption effects of the interventions. This is done in the context of the final study, looking at the 
consumption effects of influencing consumers to buy more efficient televisions. 
 
The nine 55” TV models from seven brands that participants could choose from in this experiment had 
a wide range of annual energy consumption values (69 – 203 kWh/year) and retail prices

164
 ($400 – 

$1,719). We analysed annual energy consumption in the experiment using a Welch 2-sample t-test
165

, 
comparing choices made by participants assigned to treatments with the energy score present (105 
participants) against those absent the score (104 participants).  
 
The presence of the score resulted in a 12% more efficient first choice (mean consumption of 95.7 
kWh/y) than the treatments without the score (108.3 kWh/y), with t=2.28, p=.05. There was no 
significant difference in the mean retail price of the first choice between these groups

166
. This result is 

important, because it suggests that by making efficiency visible to shoppers with the energy score, 
they are empowered to consider the energy dimension when making purchasing decisions.  
 
It also underscores the potential for transparency to transform appliance markets. At least for 
televisions, the presence of the energy score results in product choices that represent large savings – 

                                           
164

 Best retail price on Enervee Marketplace (enervee.com), recorded 31 October 2016 
165

  Although the sample sizes are the same, Levene’s Test of Homogeneity showed that the variances were not equal (F=5.14, 
p=.05); we therefore used the Welch t-test. 

166
 There was also no statistically significant correlation between the retail price of the 9 TV models and their annual energy 
consumption. 
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achievable at no incremental cost, and without financial incentives. The consumption level of the first 
choice when the score was present was 22% lower than the average of all 9 product models and 17% 
less than the average of those models that were ENERGY STAR qualified

167
 (Table 1), while costing 

less at checkout (the mean retail price of the first choice was $849). 
 
Table 1.  Consumption Comparison – 1st Choice & Model Averages 
 

Choice Set 
Models in 

Experiment 

Average 
Retail 
Price 
(US$) 

Average 
Annual 
Energy 

Consumption 
(kWh/y) 

Consumption Comparison 
1st Choice vs. Choice Set 

Averages 

With Energy 
Score 

(96 kWh/y) 

Without 
Energy 
Score 
(108 

kWh/y) 

All models 9 986 123 -22% -12% 

1080p 
resolution 

5 791 112 -15% -4% 

4K (Ultra HD) 
resolution 

4 1230 137 -30% -21% 

ENERGY 
STAR 

3 1306 115 -17% -6% 

ENERGY 
STAR Most 
Efficient 2016 

1 598 69 38% 56% 

 
 
 

9. Overall Discussion 
 
The growing body of experimental results presented in this paper suggests that making efficiency 
visible (with the granular, daily updated energy score, as well as personalised energy savings), and 
injecting these cues into the modern –  increasingly digital –  shopping journey, can influence 
consumers to make more energy efficient purchasing decisions. Given that shoppers are almost 
universally researching and increasingly purchasing appliances and other energy-using consumer 
products online, our ability to provide product efficiency information when and where people shop 
(retail, review and manufacturer websites, internet searches) holds great promise. Even purchases of 
larger appliances are increasingly online; the share of online purchases of major domestic appliances 
in the USA grew by 38% from 2015 to 2016

168
. 

 
Our experimental results appear remarkably consistent across a variety of product and consumer 
settings. Whilst it is acknowledged the studies presented here focus on revealed preferences rather 
than actual purchasing behaviour, this points to these interventions robustly influencing a range of 
decision-making styles and choice models deployed by consumers – indeed, potentially where such 
choice models vary at different points of the consumer buying journey. The studies reported here 
tentatively point to the notion that the interventions described may be effective across both hot and 
cold decision making styles, making them novel and exciting in terms of long-term effects, and, 
importantly, without being costly in terms of effort, for consumers. 
 
The use of randomized controlled trials to understand the influence of different interventions on 
consumer choice is a robust technique that can be applied to market transformation programs that 
seek to empower and nudge consumers to shop energy smart. As we move from widget-based 
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 This does not include the single 1080p resolution ENERGY STAR Most Efficient 2016 model, which uses 38% less energy 
than participants’ mean first choice when the score is present. 

168
 https://www.npd.com/wps/portal/npd/us/news/press-releases/2017/online-major-home-appliance-sales-are-on-the-rise-
summer-and-winter-holiday-promotions-are-driving-sales-growth-reports-npd/ 
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rebates to behavioural, market-based nudges, such new approaches to impact assessment are 
needed.  
 
The results are particularly important when considering that existing policies haven’t managed to slow 
the growth in electricity demand from the growing number of small electrical devices that people have 
in their homes. Energy standards and label schemes invariably lag technological developments, 
leaving staggering, essentially zero cost savings opportunities on the table. And although traditional 
product rebates may increase attention while offered, they aren’t well suited to transform markets at 
scale, particularly when energy saving technologies don’t cost more and when savings are only large 
in the aggregate, but small per unit. Efficiency program administrators find it increasingly difficult to 
maintain the cost-effectiveness of financial incentive schemes for TVs and other consumer devices 
with small per unit savings. Presented on their own, small energy bill savings per device are also 
unlikely to sufficiently motivate consumers. As this body of research builds, policymakers

169
 and 

leading utilities are increasingly acknowledging the foundational importance for successful market 
transformation of making efficiency both visible and intuitively simple for consumers – and essential if 
we are to engage the mass of consumers and drive private investment into the most efficient 
consumer products. 
 
  

                                           
169

Refer, for example, to California’s Existing Buildings Energy Efficiency Action Plan – 2016 Update 
(http://www.energy.ca.gov/ab758/). 
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Glossary 
API Automated Programming Interface 
APN Assessors Parcel Number 
BTU British Thermal Unit 
CEC California Energy Commission 
CDD Cooling Degree Days 
DSM Demand Side Management 
EUI End-Use Intensity 
EPA Environmental Protection Agency 
FT²   Square Feet 
HDD Heating Degree Days 
HIS Home Energy Intensity Score 
HVAC  Heating, ventilation and air conditioning 
IOUs Investor Owned Utilities 
MFR Multi-Family Residence 
MMBTU  Millions British Thermal Units 
MMTherm Million Therms 
MPD Multi-parcel development 
NOAA  National Oceanic and Atmospheric Administration 
SPD Single parcel development 
Therm   100,000 Btu 
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Appendix A 

Table A-1. Res-Intel Portfolio Analyst v Energy Star Portfolio Manager Comparison 

Res Intel Energy Star 

Programmatic data upload through web 
application interface X X 

Data cleaning and billing period adjustment X NA 

Billing period calendarization (convert billing 
period usage to calendar month usage) X X 

Calculate source energy from kWH and therm 
data X X 

Minimum 12 consecutive months data 
requirement NA X 

Estimate MFR thermostat setting X X 

Calculate Heating Degree Days (HDD) X X 

Calculate Cooling Degree Days (CDD) X X 

Calculate annual energy use intensity (EUI) 
(energy/FT2) X X 

Predict annual energy use intensity X X 

Calculate HIS score (Actual EUI  / Predicted EUI) X X 

Controls for energy use associated with swimming 
pools when predicting annual EUI X NA 

Calculate MFR energy benchmark score X* X** 

Calculate Growing Degree Days (GDD) X NA 

Calculate water EUI X NA 

Predict annual water usage X NA 

Calculate water benchmark score X* NA 

* Uses Southern California building sample

** Uses national sample 

During a validation exercise, Res-Intel uploaded billing and property data for 145 MFR complexes in 
the competition. Energy Star was only able to calculate energy-use intensities for 104 of 145 
complexes when using calendarized usage and for only 15 of the 145 complexes when using non-
calendarized data. 
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Abstract 

We are interested in studying beliefs and attitudes that move Spanish- and English-speaking parents 
to take civic action on this topic by conducting a field experiment of various clean energy campaign 
framing. In our study, we recruit a representative sample of residential consumers comprised of 
approximately 1,200 parents in Florida, California, and Michigan. Roughly 15% of the representative 
sample are Spanish-speaking and are presented the experimental conditions in Spanish. Each 
participant is randomly assigned to one of five clean energy “Campaign” framing conditions: (1) cost, 
(2) health, (3), climate impact, (4) health + climate impact, and (5) control/neutral message. In each 
condition, participants are also randomly assigned to an “Action” of (a) sign a petition or (b) make a 
phone call. Individual differences have a stronger effect on action rates than the campaigns; beliefs in 
action-efficacy are strong predictors of action among both samples. Our study advances our 
understanding of the efficacy of clean energy campaigning aimed to engage Spanish- and English-
speaking subpopulations in influencing their utilities to increase clean energy generation. 

Background 

In 2015, approximately 67% of total electricity generated in the United States came from fossil fuel 
sources, while less than 7% came from renewable energy sources [1]. Due to this mostly fossil fuel 
dependent electricity portfolio, electricity generation accounts for approximately 40% of total U.S. 
carbon dioxide (CO2) emissions each year [2]. Carbon dioxide emissions and other criteria pollutants, 
such as sulfur dioxide and particulate matter, are damaging to human respiratory health and 
accelerate climate change. At-risk populations such as families with children, asthmatics, the elderly, 
and low-income families, are particularly vulnerable to the potential negative effects associated with 
fossil fuel electricity generation [3,4]. Therefore, we are interested in studying potential differences in 
clean energy campaign framing that move Spanish- and English-speaking parents to take civic action 
and influence their utilities to increase their share of clean energy generation. 

Consumers often have a hard time making the link between electricity consumption and health and 
environmental impacts [5]. Behavioral theories suggest that informing consumers of the negative 
health and environmental externalities will shift attitudes, consequently influencing climate change 
mitigation or energy conservation intentions and behaviors [6-8]. Moreover, Stern [9] found in a review 
of the behavioral literature that contextual forces and personal capabilities also contribute to the effect 
that attitudes have on behaviors. Therefore, it seems inadequate to only disseminate energy and 
climate information to consumers in attempt to close the “Value-Action Gap” that persists when 
members of society espouse pro-environmental values but do not act in accordance with them [10]. 
Rather, science communicators should attempt to appeal to the nuanced positions some consumers 
have with regards to often polarizing topics such as climate change [11]. 
1. Studies find that framing, selectively emphasizing certain dimensions of an issue over others
[12,13], can promote pro-environmental behaviors such as buying more energy efficient technologies 
and practicing curbside recycling [14,15]. Research suggests that framing should target people’s 
unique social, psychological, and cultural makeup [16-19], otherwise messaging may backfire. For 
example, appealing to the potential monetary savings of an energy efficiency program can be a 
powerful way to engage audiences [20-25], yet doing so can have unintended consequences 
(“boomerang effect”)[26]. Schwartz et al. [27] found among those who saw themselves as 
environmentalists, emphasizing monetary benefits reduced their willingness to participate in the 
programs. Thus, targeted energy and climate campaigns sensitive to the knowledge, values and 
perceived self-efficacy of the intended audience increases the chances of action [28,29]. Furthermore, 
framing campaigns to appeal to a consumer’s intrinsic motivations (e.g. improving a child’s health by 
reducing air pollution) could increase the self-determination of the parent to take action [30,31]. 
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We experiment with various clean energy campaign framing designed to improve attitudes towards 
clean energy and promote civic engagement among parents. We include a cost frame that suggests 
introducing more clean energy into a portfolio will lower costs to the consumer in the long-run. We 
believe this campaign might appeal to consumers who are interested in optimizing private benefits [5]; 
however, we also expect this campaign to crowd out intrinsic motivations of environmentalists and 
discourage action [32,33]. We also include a health frame as it is shown that positioning clean energy 
as providing health benefits can be motivational for at-risk consumers such as urban communities, 
families with children, or consumers with asthmatics in the home [5]. Our climate frame depicts the 
negative environmental and climate-related weather impacts that can result from increased carbon 
dioxide emissions from the burning of fossil fuels. We believe this frame might appeal most to 
environmentalists wishing to signal altruistic beliefs [32], but might also result in a boomerang effect 
among participants with more conservative beliefs [11]. Finally, we include a health + climate 
campaign that combines the information provided in the health campaign the information provided in 
the climate campaign. 

In our study, we recruit a representative sample of residential consumers comprised of approximately 
1,200 parents in Florida, California, and Michigan. Roughly 15% of the representative sample are 
Spanish-speaking and are presented the experimental conditions in Spanish. Findings reported here 
are not included in another forthcoming paper that combines this study with a similar study to assess 
differences in campaign effects between parents from an advocacy group population and the general 
public [33]. 

Research Objective 

In this study, we expect to identify cultural heterogeneity in campaign efficacy. We make the following 
hypotheses: 

H1: Seeing health or climate information will result in more negative attitudes towards fossil fuels and 
more positive views towards renewable energy among both samples. 

H2: Those who accept climate change, see the campaigns as more credible, and believe taking 
action is effective will be more likely to take the advocacy action. 

We believe that health and climate information will trigger thoughts about children’s health and safety 
among parents in both samples, thus inspiring our first hypothesis. As for our second hypothesis, we 
believe both the Spanish- and English-speaking samples will only take time to advocate for clean 
energy if they believe their efforts are not futile. Our study advances our understanding of the efficacy 
of various forms of clean energy campaigning aimed to engage the Spanish- and English-speaking 
populations to take action against climate change in the United States. 

Methods 

Sampling 

Respondents were recruited from the GfK KnowledgePanel using an address-based sampling 
method. To fill their KnowledgePanel, GfK uses address-based sampling methods to randomly recruit 
participants and they provide households with access to the internet and hardware, if necessary. GfK 
programmed our survey on their own proprietary software and administered it to participants from 
their KnowledgePanel. The panel-selection methods inform the weighting for future surveys and 
provide statistical control of the representativeness of the sample. Furthermore, GfK uses 
benchmarks from the most recent U.S. government statistics to design weights that reflect unequal 
selection probabilities and account for any differential nonresponse to the survey. In the final step, 
GfK trims any weight outliers at the extremes of the weighting distributions and scales them to the 
aggregate to the total sample size of all eligible respondents. 

The target population consisted of adults (age 18 years or older) who were or had been parents 
residing in Michigan, Florida, or California. We targeted customers from Consumers Energy, DTE 
Energy, Florida Power and Light, Duke Energy, and Southern California Edison. We selected these 
utility districts and states based on advocacy group membership, divergent energy profiles, and 
strategic importance to the climate movement. Between September 23, 2016 and October 3, 2016 
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GfK invited 1,890 people to participate in a study about clean energy. Among them, 1,254 completed 
the study, for a completion rate of 66%.

170

Protection of human subjects 

The Institutional Review Board of Carnegie Mellon University approved all procedures. All participants 
provided informed consent.  

Participants 

As shown in Table 1, we recruited 413 participants from Michigan, 412 from Florida, and 429 from 
California. We devoted a portion of the representative public sample to Spanish-speaking participants; 
roughly 17% of the representative public sample (211 participants) listed their primary language as 
Spanish and were presented the experimental conditions in Spanish. 

Table 40. Summary of English- and Spanish-speaking samples. 

Survey Language Michigan Florida California Total 

English 411 296 336 1043 

Spanish 2 116 93 211 

Total 413 412 429 1254 

Spanish-speaking participants’ self-reported mean age was 47 (SD = 12), with 57% male, 7% having 
at least a bachelor’s degree, and 45% having a household annual income of $59k or greater. In terms 
of party affiliation, 51% of them identified as Democrats, 2% identified as Independents or Undecided, 
and 47% identified as Republicans. Approximately 8% of the Spanish-speaking sample had 
reportedly experienced severe weather (e.g. hurricane), 33% had experienced drought, 16% had 
experienced wildfires, and 1% had experienced coastal/inland flooding.  

English-speaking participants’ self-reported mean age was 52 (SD = 16), with 44% male, 65% White 
or Caucasian, 30% having at least a bachelor’s degree, and 56% having a household annual income 
of $59k or greater. In terms of party affiliation, 43% of them identified as Democrats, 2% identified as 
Independents or Undecided, and 55% identified as Republicans. Approximately 26% of the English-
speaking sample had reportedly experienced severe weather (e.g. hurricane), 25% had experienced 
drought, 11% had experienced wildfires, and 6% had experienced coastal/inland flooding.  

Experimental Protocol 

All participants were first asked about their (a) perception of the electricity mix in their region. Next, 
they were asked about their (b) attitudes towards fossil fuels and (c) attitudes towards renewable 
energy. They were then informed that “as part of this study, you will be asked to participant in a real 
‘clean energy’ advocacy action, please consider it carefully.” They were then randomly assigned to 
one of ten conditions, with Campaign and Action as fully crossed factors.  

The five types of Campaign were: 
i. Control: This campaign opened with a neutral, informative message about the role of

electricity utilities in generating and distributing electricity. Participants were then asked to
urge their utility to invest more in clean energy and energy efficiency.

ii. Cost: This campaign was identical to the control but had additional information about
potential reductions in electricity generation costs if utilities switched to renewables. After
learning about this, participants were then asked to urge their utility to invest more in clean
energy and energy efficiency to keep prices down for consumers.

iii. Health: This campaign was identical to the control but had additional information about
potential negative health impacts associated with burning fossil fuels. After learning about
this, participants were then asked to urge their utility to invest more in clean energy and
energy efficiency to protect children’s health.

170
 An a priori power analysis using G*Power (Faul et al., 2009) indicated a total sample of 1,199 for a small effect size (η

2
 = 

0.10) with 80% power, for ANOVA (fixed effects, main effects, and interactions) with alpha at 0.05. 
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iv. Climate: This campaign was identical to the control but had additional information about
potential negative climate impacts associated with burning fossil fuels. After learning about
this, participants were then asked to urge their utility to invest more in clean energy and
energy efficiency to protect the climate.

v. Health + Climate: This campaign was identical to the control but had additional information
about potential negative health and climate impacts associated with burning fossil fuels. After
learning about this, participants were then asked to urge their utility to invest more in clean
energy and energy efficiency to protect their children’s health and their future.

The two levels of Action were: 
i. Petition: After learning about the campaign, participants were informed that this was a real

campaign albeit within a study and were asked to sign a petition. They were informed that the
signatures would be delivered to the CEO of their utility, urging them to invest in clean energy
and energy efficiency. If they chose to sign the petition, they were taken to a page to fill out
their participant code, first name, last name, and zip code. If they decided not to sign the
petition, they were taken directly to the response measures.

ii. Message: After learning about the campaign, participants were informed that this was a real
campaign albeit within a study and were asked to record a voice message for the CEO of
their electricity utility, urging them to invest in clean energy and energy efficiency. If they
chose to leave a voice message, they were taken to a page where they were given the phone
number and name of the utility CEO in addition to a sample script asking them to leave their
participant code and name. If they decided to not leave a voice message, they were taken
directly to the response measures.

If participants signed the petition or left a voice message, (d) action was recorded as 1 (and 0 if not). 
Participants were then asked about message (e) credibility and (f) comprehension. They were also 
asked again about their fossil fuel and renewable energy attitudes. They were then asked about the 
perceived (g) action-efficacy, (h) self-efficacy, and (i) views on climate change.  

Variables 

a. Perception. Participants indicated their perception of their utility’s electricity portfolio by
answering the following question: “What percentage of the electricity that you use in your
home do you think comes from fossil fuels (i.e. natural gas, oil, and/or coal)?” the responses
were recorded on a sliding scale from 0% to 100%.

b. Fossil fuel attitudes. Participants indicated their fossil fuel attitudes with their agreement to
the following statement (1=strongly disagree, 5=strongly agree): “My utility should use fossil
fuels to make electricity,” before and after participants were exposed to the Campaign and
Action request.

c. Renewable energy attitudes. Participants indicated their renewable energy attitudes with
their agreement to the following statement (1=strongly disagree, 5=strongly agree): “My utility
should use wind, sun, and other renewable energy sources to make electricity,” before and
after participants were exposed to the Campaign and Action request.

d. Action. An Action was measured by recording a signature on the petition or finding a positive
match of survey IDs left in the voice message, which was saved and transcribed via Google
Voice. These transcripts will be used in a future study considering Campaign affect. Action
was coded as 1 if completed and 0 if not completed.

e. Credibility. Participants indicated their perception of campaign credibility by answering the
following question (1=definitely no, 5 = definitely yes): “Was the clean energy information just
presented to you credible?”

f. Comprehension. A measure of frame comprehension was defined by the participant’s
responses to the following questions (1=definitely false, 5 = definitely true): (1) “My utility can
only provide electricity generated from fossil fuels.” [correct answer = definitely false] and (2)
“My utility can choose to invest in energy efficiency.” [correct answer = definitely true]. The
first question was objectively false and responses that ranged from 3 to 5 were coded as a 0
(incorrect); responses that ranged from 1 to 2 were coded as a 1 (correct). The second
question was objectively true and responses that ranged from 1 to 3 were coded as 0
(incorrect); responses that ranged from 4 to 5 were coded as 1 (correct). Responses to both
answers were added together and could take on values of 0 (both questions incorrect), 1 (one
question correct), or 2 (both questions correct). Therefore, a score of 2 suggested high frame
comprehension.
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g. Action-efficacy. Participants indicated their belief of action-efficacy with their agreement to
the following statements (1=strongly disagree, 5=strongly agree): “Signing an online petition is
an effective way to change my utility’s practices” or “Joining others who have already made a
phone call to my utility is an effective way to change my utility’s practices.”

h. Self-efficacy. A measure of the participant’s self-efficacy was measured by their agreement
with two statements adapted from Schwarzer and Jerusalem’s (1995) General Self-Efficacy
Scale (1=strongly disagree, 5=strongly agree): (1) “I am often able to overcome barriers.” and
(2) “I generally accomplish what I set out to do.” We created a mean index by averaging the
responses to the two statements, with Cronbach’s α of 0.76.

i. Climate change. A measure of the participant’s belief in climate change was measured by
their agreement with four statements adapted from Maibach, Roser-Renouf & Leiserowitz’s
(2009) Six Americas survey (1=definitely no to 5=definitely yes): (1) “Do you think that climate
change is happening?” (2) “Do you think that climate change is mostly caused by humans?”
(3) “Do you think that climate change will harm future generations?” and (4) “Are you worried
about climate change?” We created a mean index by averaging the responses to the four
statements, with Cronbach’s α of 0.75.

Analytic strategy 

Statistical analyses were conducted using Stata 14.2, which is a statistical analysis program that is 
well suited for handling large-scale, weighted survey data. We performed separate Pearson’s chi-
squared test to confirm balanced experimental conditions in the Spanish- and English-speaking 
sample. To ensure successful randomization, we also performed separate 2-way Analyses of 
Variance (ANOVA) with Campaign x Action on Perception. For each sample, we conducted separate 
linear regressions, interacting Campaign with Action on change of attitude (after campaign – before 
campaign) for Fossil Fuels and Renewable Energy. In these regressions, we controlled for 
Knowledge, Credibility, and Comprehension. We conducted separate logistic regressions for the 
Spanish- and English-speaking samples. These models controlled for Knowledge, Credibility, 
Comprehension, Action-efficacy, Self-efficacy, and Climate Change. 



494 

Preliminary Results  

Balance and randomization check 

A chi-square test of independence found no significant difference in the number of Spanish-speaking 
participants assigned to each condition, χ

2 
(4, N = 211) = 2.57, p = 0.63, indicating a balanced

experimental design. Similarly, there was not a significant difference for the English-speaking sample, 
χ

2 
(4, N = 1043) = 2.04, p = 0.73. A 2-way Analysis of Variance also found no significant interaction

between Campaign and Action on Perception in the Spanish-speaking sample, F(4, 200) = 0.78, p = 
0.54, suggesting successful randomization. Similarly, there was not a significant difference for the 
English-speaking sample, F(4, 1027) = 1.91, p = 0.12. 

Attitudes 

In partial support of our first hypotheses (H1), a linear regression found the English-speaking sample 
exposed to Climate information held significantly more negative views about fossil fuels than our 
Control (B = -0.42, p = 0.01) (Table 2, Figure 1). Additionally, we found the English-speaking sample 
exposed to Climate + Health information held significantly more positive views about renewable 
energy than our Control (B = 0.27, p = 0.04) (Table 2, Figure 2). Contrary to our first hypothesis (H1), 
a linear regression found the Spanish-speaking sample exposed to Health information held 
significantly more negative views about renewable energy than our Control (B = -1.07, p = 0.01) 
(Table 2, Figure 2). 
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Table 41. Predictors of changes in attitudes towards fossil fuels and renewable energy – differenced from before and after campaign (Weighted). 

Variables 

Spanish - Fossil Fuels Spanish - Renewables English - Fossil Fuels English - Renewables 

B(95% CI) SEb t B(95% CI) SEb t B(95% CI) SEb t B(95% CI) SEb t 

Campaign (Ref = Control) 
   Cost 0.44 (-0.37, 1.25) 0.41 1.08 -0.59 (-1.51, 0. 34) 0.47 -1.26 0.02 (-0.25, 0. 28) 0.13 0.14 0.14 (-0.14, 0. 41) 0.14 0.96 
   Health -0.40 (-1.23, 0.44) 0.42 -0.94 -1.07 (-1.90, -0.25)* 0.42 -2.56 -0.23 (-0.51, 0.05) 0.14 -1.59 -0.07 (-0.33, 0.18) 0.13 -0.57 
   Climate 0.48 (-0.82, 1.77) 0.66 0.73 0.48 (-0.74, 1.69) 0.62 0.77 -0.42 (-0.74, -0.10)* 0.16 -2.58 0.01 (-0.28. 0. 30) 0.15 0.06 
   Health + Climate 0.21 (-0.40, 0.82) 0.31 0.69 -0.45 (-1.11, 0.20) 0.33 -1.36 -0.06 (-0.36, 0.25) 0.15 -0.36 0.27 (0.01, 0.53)* 0.13 2.07 
Action (Ref = Petition) 
   Voice Message -0.59 (-1.27, 0.08) 0.34 -1.74 0.26 (-0.38, 0. 90) 0.32 0.80 0.21 (-0.01, 0.43) 0.11 1.86 0.09 (-0.09, 0. 27) 0.09 0.93 
Knowledge 0.01 (-0.01, 0.03) 0.01 0.90 -0.01 (-0.03, 0.01) 0.01 -0.74 0.00 (0.00, 0.00) 0.00 -0.12 0.00 (0.00, 0.00) 0.00 0.23 
Credibility 0.02 (-0.24, 0.28) 0.13 0.15 0.32 (-0.01, 0. 64) 0.17 1.91 -0.10 (-0.29, -0.04) 0.06 -1.85 0.00 (-0.08, 0.08) 0.04 -0.08 
Comprehension 0.11 (-0.35, 0.57) 0.23 0.47 0.42 (0.01, 0.84)* 0.21 2.01 -0.17 (-0.29, -0.04)** 0.06 -2.60 0.13 (0.01, 0. 25)* 0.06 2.05 
Constant -0.97 (-2.76, 0.81) 0.91 -1.08 -1.03 (-2.62, 0.57) 0.81 -1.27 0.52 (-0.02, 1.06) 0.27 1.89 -0.27 (-0.76, 0. 22) 0.25 -1.09 

***p<.001, **p<.01, *p<.05 
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Figure 93. The effects of Campaign (Control, Cost, Health, Climate, and Health + Climate) on overall 
attitudes towards fossil fuels in the Spanish- and English-speaking samples. Participants indicated 
their fossil fuel attitudes with their agreement to the following statement (1=strongly disagree, 
5=strongly agree): “My utility should use fossil fuels to make electricity,” before and after participants 
were exposed to the Campaign and Action request. This chart illustrates that difference in rating. 
English-speaking participants who received the Climate campaigns had worsened attitudes towards 
fossil fuels than those who received the Control.  

Figure 94. The effects of Campaign (Control, Cost, Health, Climate, and Health + Climate) on overall 
attitudes towards renewable energy in the Spanish- and English-speaking samples. Participants 
indicated their renewable energy attitudes with their agreement to the following statement (1=strongly 
disagree, 5=strongly agree): “My utility should use renewable energy to make electricity,” before and 
after participants were exposed to the Campaign and Action request. This chart illustrates that 
difference in rating. Spanish-speaking participants who received the Health campaign had worsened 
attitudes towards renewable energy when compared to participants who received the Control. English-
speaking participants who received the Health+Climate campaign had improved attitudes towards 
renewable energy when compared to participants who received the Control. 

Action 

We did not find a main effects for Campaign on the action rates for the Spanish- or English-speaking 
samples (Table 3, Figure 3).  We did find those given the option to make a phone call were 
significantly (~95%) much less likely to intend to do so than those given the option to sign a petition in 
both samples (Table 3). As we predicted, other factors mattered for taking action.  
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In support of our second hypothesis (H2), we found Spanish-speakers who believed the action to be 
effective were more than twice as likely to take an action than those who did not find it effective. This 
is also the case in the English-speaking sample (Table 3). Within the English-speaking sample, those 
who accepted climate change were more likely to take action than those who did not accept climate 
change (B = 0.57, p < 0.0005). 

Table 42. Predictors of advocacy Action (Weighted). 

Spanish - Actions English - Actions 

Variable B SE e
B

B SE e
B

Campaign (Ref = Control) 

   Cost  0.68 1.02 1.97 0.63 0.47 1.88 

   Health 0.16 0.98 1.17 0.40 0.45 1.49 

   Climate  1.03 0.97 2.80 0.46 0.42 1.58 

   Health + Climate -1.77 1.13 0.17 -0.42 0.48 0.66 

Action (Ref = Petition) 

   Voice Message  -2.97*** 0.69 0.05 -4.57*** 0.51 0.01 

Individual Differences 

   Knowledge 0.01 0.02 1.01 0.01 0.01 1.01 

   Credibility 0.55 0.31 1.73 0.57** 0.18 1.77 

   Comprehension 0.29 0.35 1.34 0.37 0.24 1.45 

   Action-Efficacy 1.12*** 0.27 3.06 0.87*** 0.17 2.39 

   Self-Efficacy -1.00* 0.44 0.37 -0.08 0.21 0.92 

   Climate Change 0.23 0.40 1.26 0.57*** 0.15 1.77 

Constant -4.77* 2.26 0.01 -8.38*** 1.47 0.00 

       ***p<.001, **p<.01, *p<.05 

Figure 95. Observed action rates across Campaign (Control, Cost, Health, Climate, and Health + 
Climate) in the Spanish- and English-speaking samples. This chart suggests that Spanish-speaking 
participants respond best to the Cost campaign and worst to the Health + Climate campaign. 
Conversely, English-speaking participants respond best to the Climate and Health campaigns and 
worst to the Cost campaign. 
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Discussion 

In both samples, we found attitudes towards fossil fuels were more negative than attitudes towards 
renewable energy. When compared to the control frames, the English-speaking sample tended to 
have worsened attitudes towards fossil fuels after seeing the Climate frame. The Spanish-speaking 
sample also had worsened attitudes towards fossil fuels after seeing the Health frame. However, the 
Health frame also worsened attitudes towards renewable energy for the Spanish-speaking sample 
when controlling for Knowledge, Credibility, and Comprehension. Therefore, it could be that the Health 
frame triggers feelings of fear and if the participant doesn’t understand the campaign they might leave 
it with pessimistic feelings about all energy sources.  

In both samples, we did not find the campaigns to have any main effects on observed action rates. 
Overwhelmingly, both groups of participants were more willing to sign a petition than leave a voice 
message suggesting that a call is a significantly higher bar ask. However, as expected, it appears the 
perception of the campaign materials and individual differences among participants did matter a great 
deal when they considered taking advocacy action. We found that participants in both samples who 
believed the advocacy action to be effective were more likely to take action than those who discredited 
the action. This suggests that most participants did not believe that leaving a voice message for the 
CEO of their utility was an effective way to influence their utilities’ energy portfolio decisions.  
Following this narrative, perhaps Spanish-speaking participants who reported higher self-efficacy felt 
their assigned advocacy action was not appropriate and consequently decided against the action. 
Finally, we see that climate change acceptance is important in the English-speaking sample and is 
predictive of reporting intentions to take action and observed behavior. 

Conclusion 

In this study we assessed potential differences in clean energy campaign framing that move Spanish- 
and English-speaking parents/grandparents to take civic action in motivating their utilities to provide 
clean energy. Participants were assigned to one of five clean energy campaigns (e.g. control, cost, 
health, climate, and health + climate) as well as one of two advocacy actions (e.g. sign a petition or 
leave a voice message for the CEO of their utilities). Here, we reported the campaign effects on 
attitudes towards fossil fuels and renewable energy. We also examined the influences these 
campaigns and other individual differences had on reported intentions to take action as well as 
observed behavior. 

We found the Health campaign had negative effects on attitudes towards fossil fuels among the 
Spanish-speaking sample. However, it also had negative effect on Spanish-speaking participants’ 
attitudes towards renewable energy when controlling for Knowledge, Credibility, and Comprehension. 
The campaigns did not have a direct influence on action rates. Rather, individual differences such as 
perceived action efficacy and acceptance of climate change were much more predictive of intentions 
and actions. 
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Learning from the Feet on the Street: Lessons from Studying Those 
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Abstract 

This paper details the lessons that can be learned from engaging with and observing community 
based organizations (CBOs) that work directly with underserved populations that may be less engaged 
directly with utilities (or any organization) compared to other population segments. Reaching out 
directly to CBO staff that work with customers of interest can provide insights about how programs and 
services are viewed by the targeted audience. In the case of this research, the focus is on two utility 
programs, but lessons can be applied to any organization attempting to better reach underserved 
populations.  

This research stems from the evaluation of two statewide programs that serve income eligible utility 
customers. A goal of the research was to understand if different barriers exist to increase enrollment of 
two specific population segments (undocumented immigrants and Asian language speaking 
customers) in the low-income program offerings. By speaking with CBOs that work directly with these 
population segments, we were able to learn about successful program outreach strategies and identify 
ways in which these population segments may differ from other low-income utility customers.  

From conversations and visits to CBOs that work with targeted populations, it is clear that there are 
existing strategies that allow utilities to disseminate information about their programs through trusted 
sources to specific communities. These trusted sources utilize graphics-heavy educational materials, 
word of mouth, in-language discussions, and repeated interactions with households to encourage 
participation in low-income offerings.  

Introduction 

This paper details the lessons that can be learned from engaging with and observing community 
based organizations (CBOs) that work directly with customer groups that may be less engaged directly 
with utilities compared to other population segments. While this research was targeted at reaching 
low-income utility customers, it can be applied to any organization working to reach an underserved 
population. In the case of this research, we spoke directly with CBO staff that work with utility 
customers of interest on a daily basis to help further understand how utilities are viewed and what the 
context is for considering participation in a utility offering among harder to reach customers. An 
approach that allowed for us to work more directly with the hard to reach customers themselves would 
have given us a first person accounting of the needs of the underserved populations of interest, but 
given that these groups are, by definition, hard to reach, we chose to learn about their needs from 
CBOs that more directly and more broadly serve them.  

This research stems from a broader needs assessment of low-income households in California to help 
utilities improve two statewide low-income programs that aim to serve income eligible utility customers. 
The CBO-focused research allowed us to:  

 Understand if different barriers exist to increase enrollment of two specific population 
segments (undocumented immigrants and Asian language-speaking customers) in the low-
income program offerings; 

 Learn about successful program outreach strategies; 

 Understand the context in which community members are presented information and 
offerings; 

 Learn about any program pairings that may make sense to market together; 
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 See what channels and messaging are used to reach community members; and 

 Learn to what extent income documentation is a barrier to participation. 

Study Context 

The two statewide low-income programs offered by the California Investor-Owned Utilities (IOUs)
171

are the California Alternative Rates for Energy (CARE) program and the Energy Savings Assistance 
(ESA) Program. Both programs utilize multiple CBOs that serve a variety of communities across the 
state to disseminate program information.  

The CARE program is offered by all four of the state’s IOUs and provides a monthly discount on 
energy bills for income-qualified households and housing facilities. The household income eligibility 
requirement for CARE is based on 200 percent of federal poverty level guidelines. In 2016, the CARE 
program budget across the four IOUs surpassed $1.2 billion. Enrollment includes self-certification with 
mandated verification by the IOUs for a certain percentage of the total CARE residential population 
annually. Customers can enroll online, by mail, over the telephone, or through a CBO. Through 
categorical eligibility, customers who are enrolled in one of several public assistance programs are 
also eligible for automatic enrollment in CARE, regardless of whether they meet the income 
guidelines. Households enrolled in CARE must recertify their eligibility every two years, or every four 
years if they are on a fixed income.  

The Energy Savings Assistance (ESA) Program is offered by all four IOUs and provides no-cost 
weatherization, energy efficient appliances, and energy education services to low-income households 
that meet the program’s income and other household eligibility requirements. Total program budget 
across all four IOUs in 2016 exceeded $390 million and targeted over 346,000 households. Services 
provided may include attic insulation, energy efficient refrigerators, evaporative coolers, air 
conditioners, weather stripping, caulking, low-flow showerheads, water heater blankets, and door and 
building envelope repairs. The program also provides referrals to other income-qualified programs. 
The program’s objective is to help income-qualified customers reduce their energy consumption and 
costs while increasing their health, comfort, and safety in the home. The ESA Program provides 
services to both qualified renters and homeowners, in all housing types.  

According to Public Utilities Code Section 382(e), the ESA Program shall “by no later than December 
31, 2020, ensure that all eligible low-income electricity and gas customers are given the opportunity to 
participate in low-income energy efficiency programs, including customers occupying apartments or 
similar multiunit residential structures.” This goal to reach all eligible customers has pushed the IOUs 
to investigate how to better reach groups that they believe are eligible, but not participating. Part of 
these efforts includes partnering with CBOs to get information disseminated in communities by trusted 
organizations.  

Generally, enrollment in CARE among eligible households is considered to be very high. Research by 
Athens Research establishes estimates of program eligibility, which are used by the IOUs to report 
program penetration in their annual program filings. These reports suggest that 2015 CARE enrollment 
was, on average, 84 percent. [1] ESA program penetration from 2002 through 2012 was previously 
estimated at 52 percent (based on IOU ESA program tracking data).  

Study Goals 

An earlier 2013 Low Income Needs Assessment (LINA) survey [2] also conducted by Evergreen 
provided an indication that Asian language-speaking customers participate in ESA less frequently than 
average. Among respondents (who also needed to speak English or Spanish to complete the survey), 
2.9 percent of ESA participants reported speaking an Asian language, while 8.3 percent of non-
participants reported speaking an Asian language. Because the survey was not fielded in Asian 
languages, these data should be interpreted as directionally indicative, but not as numeric estimates. 
This in part is the reason that this particular group was chosen for deeper investigation in this 
research.  

171
 The four California IOUs are: Southern California Edison (SCE), Southern California Gas (SoCalGas), San Diego Gas and 

Electric (SDG&E), and Pacific Gas & Electric (PG&E). 
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A review of languages spoken by customers in each IOU territory suggests that Asian languages—
particularly Chinese, Vietnamese, Korean, and Tagalog—are the most prevalently spoken languages 
among low-income Californians after English and Spanish. There is already substantial information 
and program effort to address English and Spanish-speaking customers,

172
 but less is known about

whether language and cultural differences for Asian language-speaking customers create unique 
needs or program challenges. These customers do have lower participation rates than low-income 
households in general, suggesting the need for more exploration of their needs and opportunities to 
engage them. Table 1 shows households that speak various Asian languages in the home. Looking at 
the broader group of immigrants in California, 58 percent of Asian American community members are 
first generation immigrants, and 37 percent of Hispanic Americans are first generation immigrants.[3] 

Table 43: Language Spoken in Household
173

Percentage of California 
Population that Speaks Language

Chinese 3.3% 

Vietnamese 1.5% 

Tagalog 2.3% 

Persian 0.5% 

Japanese 0.4% 

Korean 1.0% 

Mon-Khmer, Cambodian 0.2% 

In addition to Asian language-speaking customers, this research identified undocumented immigrants 
as an additional harder to reach group. It has been hypothesized and anecdotally reported from 
enrollment contractors in the past that this group is hard to reach and may be participating below 
average enrollment rates due to income documentation and trust issues.  

Undocumented immigrants are estimated to make up 6 percent of California’s population,[4]
 
including 

immigrants from Mexico (70% of undocumented immigrants), Guatemala (7%) and El Salvador (4%) 
among other countries.[5]

 
Our selection of CBOs to help us gain insight into this population segment 

reflects this demographic breakdown.  

Our research builds on prior studies that discuss the barriers and benefits of the relationship between 
energy efficiency programs and low-income populations.[6] Almost a third of households in the United 
States are considered low-income, with nearly half of that number living below the federal poverty line. 
These low-income households tend to spend more of their income on home heating, cooling, and 
electricity usage than those of affluent households. This is due in part to a lack of energy efficiency 
knowledge as well as economic factors including the inability to purchase energy efficient home 
equipment and low-income households having to live in older buildings with poor heating and 
insulation standards.[7] However, through improving outreach programs, many government entities 
are addressing fuel poverty by supplementing fuel payments and investing in improved quality of 
housing and appliances, helping low-income households keep their energy bills low and their comfort 
high.[8] 

Methodology 

The communities we sought to learn about (Asian communities and undocumented immigrants) were, 
by definition, harder to reach. Due to the difficult nature of direct survey research with the hard to 
reach customers, we sought out the knowledge of CBOs who work closely in these communities and 
have direct communications over sometimes multiple interactions. If it had been correctly 
hypothesized that one of the reasons these customers were harder to reach was due to trust issues 
with the IOUs, we believed we would be more successful learning about this community from 

172
 The telephone survey for the prior LINA study and the most recent LINA study was conducted with English and Spanish-

speaking households only.  
173

 Source: 2015 American Community Survey. This table presents the proportion of households that speak each language 
independent of whether other languages are spoken. This table allows multiple languages to be spoken per household. 
This table excludes Thai, Laotian, and Hmong, which are spoken by less than 0.1 percent of the California population. 
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organizations that are more likely to be trusted. We conducted four in-person visits and six telephone-
based interviews with CBOs and contractors. 

The Asian language-speaking groups we targeted for research are households that speak Chinese or 
Vietnamese and are either immigrants from the countries in which these languages are spoken or 
have strong connections to their cultures. For undocumented immigrants, we targeted CBOs that 
serve immigrants in permanent housing rather than CBOs that focus on highly transient clients who 
live in non-permanent housing or reside in a location for only a very short period of time. 

We took a phased approach to choosing the targeted CBOs, as shown in Figure 1. Nominations by the 
IOUs and the Low Income Oversight Board which is an advisory board created by the State of 
California included organizations that were and were not directly tasked to work with the IOUs to 
recruit customers. We aimed to find CBOs that were most able to reflect the customers on which our 
research was focused.  

Figure 1: Phased Approach for Selection of CBOs 

 

The contractor locations and languages covered for the CBO-based research are shown in Table 44 
and Table 45. We made these selections based on input from the IOUs and the Low Income 
Oversight Board.  

Table 44: Locations for Asian Language Research 

Contractor Locations Languages Covered IOU 

Bay Area, Fresno Mandarin, Cantonese PG&E 

Orange County Vietnamese SCE, SoCalGas 

 

Table 45: Locations for Undocumented Immigrant Research 

Contractor Locations Description IOU 

San Joaquin Valley, Sacramento Immigrant farm workers, Spanish speaking  PG&E 

San Diego Recent immigrants, Spanish speaking SDG&E 

 

A description of nominated CBOs is included in Tables 4 and 5. CBOs are presented in the order we 
contacted them, and names are redacted for privacy. Those at the top of the list best fit our research 
needs and were balanced across the areas we were targeting.  

Table 4: CBOs Serving Asian Language-Speaking Populations 

CBO 
Nomination 

Background 
Research 
(activities, 
community 
members 
served, 
location) 

Telephone 
inquiry  

Telephone 
interview 

In-person visit which 
included observation of 

CBO interaction with 
community in addition to 

interview of additional staff 

# Organization 
Name 

Description Location IOU 
Territory 
Covered 

1 [redacted] Dedicated to providing energy assistance for 
Limited English Proficient clients.  Assists the 
senior community with immigration issues, 
housing and job placement.  

Bay Area PG&E 

2 [redacted] Personal assistance programs, youth education 
and other activities as well as community events 

Southern SDG&E 
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Table 5: CBOs Serving Undocumented Immigrants 

# Organization 
Name 

Description Location IOU 
Territory 
Covered 

1 [redacted] Conduct outreach; provide information and 
referrals to local, state, federal, and non-profit 
organization programs.  

State-
wide 

SCE, 
SoCalGas, 
SDG&E, 
PG&E 

2 [redacted] Encouraging awareness of Customer 
Assistance Programs, especially among 
farmworkers with limited English proficiency. 
Participates in multiple community initiatives 
each year.  

San 
Joaquin 
Valley 

SCE, 
SoCalGas, 
PG&E 

3 [redacted] Empowers communities to make social change 
with the goals of fostering a healthy and 
sustainable quality of life.  

Southern 
CA 

SDG&E 

4 [redacted] Outreach to residents and customers, primarily 
farmworkers and persons with limited English 
proficiency. 

Southern 
CA 

SoCalGas, 
SCE, 
PG&E 

5 [redacted] Program for Kings County, income tax 
assistance.  

San 
Joaquin 
Valley 

PG&E 

 within the Vietnamese community of San Diego. CA 

3 [redacted] Provides health, human and economic 
development support to enable active 
participation in mainstream society. 

Southern 
CA 

SCE, 
SoCalGas 

4 

 

[redacted] Initially focused on Spanish language 
customers, but has expanded to serve 
Vietnamese-speaking residents.  Provides 
community resources, computer literacy 
training, and assistance in filling out income 
taxes.  

Southern 
CA 

SoCalGas, 
SCE 

5 [redacted] Low Income Home Energy Assistance Provider, 
Head Start, mental health services, and Asian 
advocacy services.  

Northern 
CA 

PG&E 

6 [redacted] Provides health foods, education, and support 
services to women, infants, and children in the 
San Diego area.   

Southern 
CA 

SDG&E 

7 [redacted] Works with primarily Latino and Asian clients to 
enhance health and social and economic well-
being.  

Southern 
CA 

SoCalGas 

8 [redacted] Multilingual staff that works with Asian-
Americans and more broadly with low-income, 
isolated populations.  

Southern 
CA 

SCE, 
SoCalGas 
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# Organization 
Name 

Description Location IOU 
Territory 
Covered 

6 [redacted] Works to improve the quality of life of 
farmworkers and other participants by providing 
services.  

San 
Joaquin 
Valley 
and Los 
Angeles 

SoCalGas, 
SCE, 
PG&E 

7 [redacted] Assists with acculturation and general health 
education for Asian and Latino/Hispanic 
populations.  

San 
Joaquin 
Valley 

PG&E, 
SCE, 
SoCalGas 

 

The CBO-based research was designed to tap into the experience and expertise of the selected 
organizations with the targeted customer segments. We planned for an average of a half-day of direct 
contact with each of the selected organizations in addition to a phone interview, although the length of 
time varied based on the opportunities for accompanying the organizations to community events and 
other out-of-office outreach. 

We performed a series of three data collection efforts with selected organizations: an initial screening 
call, a phone interview, and an in-person visit. The in-person visit occurred after the phone interview in 
order to account for travel arrangements and to find a day that best represents the type of outreach 
efforts that the organization performs. We performed the phone interviews with a total of six 
organizations, as shown in Table 6.  

Table 6: Characteristics of CBOs Interviewed and/or Visited 

CBO Well 
Known in 
Community  

Community 
Center or 
In-person 
Location 

Non-English Languages Spoken by 
Staff 

Geographic 
Location 

A  X X Mandarin, Vietnamese, Cantonese Bay Area 

B X X Primarily Spanish  Orange County 

C   Spanish, Vietnamese  Los Angeles 

D  X Chinese, Mandarin, Spanish Los Angeles, 
Central Valley 

E X  Spanish Central Valley 

F X X Spanish San Diego 

 

Each phone interview lasted close to an hour and was intended to gather information that informed 
how a possible site day could be structured. We also asked questions regarding program outreach 
strategies; cross promotion; community traits; interactions of community with energy related to health, 
comfort, and safety; beneficial measures; and income documentation. 

The in-person research allowed us to observe the strategies discussed in our in-depth interview and to 
see first-hand interaction with customers rather than just hear about customer reactions via program 
staff. Descriptions of each visit are shown in Table 7. Where feasible during in-person research, we 
looked for opportunities to speak with additional staff who work directly with customers. Depending on 
the activity, we spent anywhere from one to four hours at each site. The on-site visits were often with 
different staff than our initial phone interview, which allowed us to get the perspectives of staff 
members who work more directly with community members. During the on-site visits, we focused on 
interactions with community members, both by observation and by hearing from CBO staff about their 
interactions during our visit. We asked questions about barriers, differences (if any) between the 
community of interest and the general low-income population, outreach strategies, income 
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documentation, and beneficial measures. The on-site visits allowed us to expand upon what we 
learned from the initial phone interviews and see how specific outreach strategies were implemented. 

Table 7: Summary of On-Site Visits with CBOs 

CBO Visit Description 

A Observed class for elderly community members at a community center in San 
Francisco. Included education about IOU low-income programs in addition to 
information about the process for achieving citizenship. Interviewed staff who 
presented energy related offerings to attendees. Class happens weekly, with a new 
topic covered each week.  

B Visited Mexican consulate with CBO, which conducts weekly visits to share 
information about ESA and CARE to community members who are waiting to be 
served at the consulate. Observed interactions with community members as staff 
member approached them to discuss IOU low-income programs. Spoke with staff 
person who works with community members in different locations about her 
experiences.  

C Attended monthly food distribution in Westminster in Southern California. Toured 
community center with staff member and observed food distribution which included 
interaction with and assistance to community members who were signing up for food 
distribution or who were interested in IOU programs. This event was also the annual 
sign-up day in which community members had to reenroll in the program to continue 
receiving food distributions.  

D Visited offices in Fresno and listened in to incoming calls regarding ESA services. 
Spoke with staff member who answers calls regularly in addition to implementers who 
complete initial field visits and education with customers in the Fresno area.  

 

Findings 

In this section, we present findings from the research. We organize these findings first by the type of 
community members served by each CBO, then by topic area such as unique customer needs, 
outreach strategies, and income documentation and qualification misconceptions. These findings were 
developed for the specific type of programs that the study was designed to inform, but are 
representative of the kinds of learning possible from CBO-based research for a broader range of 
programs.  

Low-Income Households with Predominately Asian Cultural Identities and Linguistic Practices 

Unique Customer Needs  

Two CBOs that are focused on Asian language-speaking communities noted that their clients are very 
loyal to organizations and companies that they trust. One CBO staff member reported that compared 
to other low-income groups they work with, Asian language speakers who have low incomes feel more 
confident in asking for assistance from the organizations that serve them, because they have the 
support of other members of their community. This community support (from individual members of the 
community rather than the staff at the CBO) was apparent in observing community members helping 
each other at a monthly food distribution we attended where other Asian language-speaking 
community members would help the others in line with how to fill out forms, which lines to be in, and 
what to provide.  

While CBOs are able to help the IOUs reach members of specific communities, they identified an 
occasional language-related barrier to participation by interested customers who do not speak English 
(or Spanish). One CBO staff member noted that many times Asian language-speaking community 
members will ask why they have not heard from a utility after signing up for weatherization services 
through the ESA program. The staff member reported that if Asian language-speaking customers 
answer the phone (such as a call to set up the first visit to do an assessment for ESA) and hear 
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English, they will immediately hang up the phone. In order to facilitate participation with these 
community members, the IOUs and their implementation contractors would need to continue providing 
communication in-language beyond a customer’s point of contact with the CBO. While IOUs do record 
customers’ language preferences and offer brochures in certain languages such as Vietnamese and 
Spanish, once the customer is handed off to an implementation contractor, they are not always able to 
communicate in the desired language for scheduling and in-home visits, especially given the diverse 
set of languages that could be in any single IOU territory within California. We also heard from the 
same CBO that Asian language-speaking customers will either ignore letters in English that come to 
them from a utility, or they will bring the letters to the CBO to have them translated.  

Additional characteristics that the CBOs mentioned about Asian language speakers (which may or 
may not parallel characteristics of other low-income customer segments) include the following: 

 Possibly a large number of people in one household; 

 High importance placed on jobs (in part because of a Medicare requirement of 10 years of 
work to qualify for assistance); 

 A strong desire to save and not waste in general; 

 Prioritization of bills over food budget or children’s clothing; and  

 A preference for traveling to shop, eat, and meet in places where people speak the same 
language.  

 
Outreach Strategies 

Research done by Bird and Hernandez on increasing energy efficiency for low-income renters 
suggests that low-income customers often have the least amount of energy efficiency knowledge 
compared to middle- or upper-income residents.[9] Nearly all of the CBOs we interviewed mentioned 
that word of mouth is the best way for community members to find out about the services that the CBO 
offers. The monthly food distribution event we observed illustrates the mechanics and effect of word-
of-mouth communication in this community. We were told by staff that the crowd was much larger than 
usual, due to the availability of chicken, which had not been advertised. When asked how the 
community knew about the availability of chicken, the CBO staff reported that they do not advertise 
which items are available beforehand, and that early morning attendees likely call other people in the 
community to let them know about the availability of items like the chicken at this distribution.  

Another issue regarding word-of-mouth sharing of information described by one CBO staff person 
working with Asian language-speaking populations is that the name of the program is not always 
communicated or remembered. This CBO staff member spends time educating recent immigrants on 
understanding their bills and determining whether they are already on CARE (the rate reduction 
program). The staff member suggested that while interest seemed high, very large numbers of clients 
eventually realize that they are already on the CARE rate. This uncertainly exemplifies the effort 
necessary from the CBO to identify and enroll the increasingly hard-to-find non-enrollees. As 
mentioned earlier, program participation is estimated to be close to 84 percent of eligible candidates.   

Two CBOs reported that marketing is most effective via in-language media (TV, radio, newspaper) and 
in public locations (rather than door-to-door outreach). Similar to the undocumented immigrant group, 
customers who primarily speak Asian languages are more receptive to representatives who speak 
their language.  

Two CBOs mentioned the need to build up trust over time. Building trust allows community members 
to bring up their need for help once they are ready and in a setting in which they are comfortable (such 
as after a class). Building trust entails working with the same household multiple times, as some CBOs 
and many faith-based organizations tend to do. This is a benefit to having a community center or 
recurring classes. One CBO mentioned that once trust is established, Asian language-speaking 
community members do not hesitate to ask for assistance.  

Additional outreach strategies that were suggested by CBOs include: 

 Building on CARE enrollment to encourage participation in ESA; and 
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 Waiting until the community member brings up a subject that may be sensitive, such as 
financial issues, to discuss programs with them.  
 

To further understand issues relevant to reaching Asian language speakers, we also reviewed 
literature about Asian Americans. While the information we found speaks to Asian Americans in 
general (rather than those who primarily speak an Asian language), this information provides important 
context about the communities in which Asian language-speaking Asian Americans live. A report done 
by the Center for Sustainable Energy [10] reported that “researchers have found that Asian Americans 
are more responsive to messaging frames that address the collectivist nature of their culture.” This fits 
into the concept found in the Psychological Review [11] where researchers reported that “(m)any 
Asian cultures have distinct conceptions of individuality that insist on the fundamental relatedness of 
individuals to each other. The emphasis is on attending to others, fitting in, and harmonious 
interdependence with them.” These findings suggests that this community may respond better to 
messaging about community more so than messaging about saving an individual money.  

Income Documentation and Qualification Misconceptions 

The CBOs we spoke with who work with customers who primarily speak Asian languages noted that 
the requirements for low-income program enrollment and participation are not very different from other 
programs they offer. Two CBOs reported that Asian language-speaking community members often 
assume that they do not qualify due to income levels (and are unaware that higher incomes are 
allowed for large households or categorical enrollment options). One CBO reported that people are 
wary of “free” offers and think they may be charged later.  

Similar to what CBOs mentioned about communication barriers among undocumented community 
members, two CBOs reported that follow-up letters (possibly about post enrollment verification or 
renewal) might be ignored if they are not in the language that the person speaks. On occasion, 
community members will bring in letters to the CBO to ask for assistance with translation. This 
underscores the potential for additional coordination between outreach CBOs and the IOUs to take 
advantage of the utilities’ tracking and data on individual households’ preferred languages. IOUs have 
the ability to send out in-language communications to customers in their preferred language, although 
this relies on customers making a request, which may be difficult given existing language barriers. 
CBOs can help to report the preferences of customers as they recruit them for low-income programs.  

Beneficial Energy Efficiency (and Other) Measures 

When asked specifically about Asian language-speaking households, the CBOs reported that 
refrigerator and microwave replacements were seen as valuable to customers. One CBO mentioned 
that there might be a need for more than one refrigerator in a home due to large household size or the 
existence of basement apartments. Currently, the ESA Program only provides one refrigerator per 
household, given that the existing refrigerator is of a certain age.  
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Low-Income Households with Recent Immigrant or Undocumented Residents 

CBOs that serve undocumented immigrants generally do so in the service of broader populations, 
such as low-income communities with particular ethnic ties or immigrants generally. CBO staff do not 
necessarily know when they are serving undocumented immigrants. As such, information they could 
share about serving undocumented immigrants is based on a general knowledge of the cultures and 
communities in which undocumented immigrants live and insights from specific instances when clients 
reveal that they are undocumented. When some CBOs shared information on undocumented 
immigrants, they combined this group with recent immigrants. In the findings below, we specify if a 
finding is related specifically to undocumented residents or to a broader group of recent immigrants 
that may or may not be documented.  

Outreach Strategies 

CBOs do not target undocumented immigrants per se, so they tended to provide more general 
strategies they have found to work with the broader populations of immigrants that they serve. They 
believe that the areas they work in have undocumented residents, based on questions and inquiries 
from family members or friends that are made occasionally on behalf of an undocumented immigrant. 

Nearly all CBOs mentioned that word of mouth is the best way for community members to find out 
about the services offered by the CBOs. This aligns with research completed by Dillahunt, Mankoff, 
Paulos and Fussell who explored the relationship between low-income communities and energy use. 
They found that word of mouth is a common tool used in low-income communities to actively share 
information with their friends, family, and neighbors about their energy bills and strategies they use for 
saving energy.[7] Sharing information by word of mouth was encouraged at a visit to the Mexican 
consulate for one of our CBO interviews in Sacramento, where a CBO staff member asked those 
consulate visitors who were already participating in low-income utility programs if they knew others 
who could benefit from the programs, and told them to send them to the consulate on the days that the 
CBO visits so that they could get information from the CBO. Some community members said they 
would tell their relative or friend or mentioned that they had already done so.  The CBO staff member 
also reported that her daughter had started telling her friends at school about the program, meaning 
that this partnership with one CBO led to multigenerational program support. This may also speak to 
the way word of mouth works within this community, although our research is limited in comparing this 
occurrence to other CBO efforts, as it was not something we asked about in our interviews.  

Word of mouth can also work against recruitment. For example, the CBO staff member at the Mexican 
consulate noted that if one person says they are not interested, it can lead a chain of other people 
within hearing range to say that they are also not interested. During our time together at the consulate, 
this occurred. The staff person will often go work in a different part of the room and return when a new 
set of people waiting for service can be approached (who have not been influenced by others' 
attitudes).  

Two of the six CBOs interviewed also mentioned that it helps outreach efforts to have the organization 
be present in multiple locations (including trusted spots such as schools, libraries, churches, and 
community centers). One CBO staff member emphasized that a successful outreach effort goes 
beyond just being present; one also needs to approach people or be seen talking to leaders. They 
gave an example of conducting outreach at a church and receiving much greater interest from the 
congregation after being seen talking with the church's pastor.  

We also asked about any literacy issues (literacy in the language of an immigrant's originating country 
or region), and two CBO staff members at the same CBO shared their approaches to addressing this. 
They provide a graphics-heavy educational flip chart to teach people, without using written words, how 
to save money. Where words are necessary, they are written in the language of the targeted group. 
They also pick up on cues that a person may not be literate based on how they hold materials that are 
handed to them. 

It was very clear from the on-site visits that program materials are different for every CBO and type of 
event in which they interact with the community. One CBO suggested that branded grocery bags could 
be a useful communication tool at the food distribution initiatives they attend, and another mentioned 
that a banner may help them at events where they have a table.  

Additional community outreach strategies mentioned by individual CBOs include the following: 



 

511 
 

 Holding a financial literacy course that allows participants to become comfortable discussing 
financial issues;  

 Utilizing community members who have been through similar situations for outreach; 

 Including messaging in conversations about undocumented status not being a barrier to 
participation; 

 Pairing IOU outreach with other programs (one CBO mentioned that a water savings program 
they run was a particularly good fit);  

 Utilizing concrete savings numbers when talking about CARE savings; and  

 Mentioning the measures that ESA offers was more successful than discussing the monetary 
value of those items. 
  

Unique Customer Needs  

When asked directly whether undocumented immigrants interact with energy programs differently than 
other low-income community members (such as having difficulty providing documents required for 
enrollment such as proof of income), CBO staff noted only isolated differences. The general takeaway 
from these interviews was that CBO staff do not perceive any differences to be very significant. 

Income Documentation and Qualification Misconceptions 

As part of this research, we also wanted to understand any challenges that undocumented immigrants 
may face in providing income documentation when asked for it. While this research is specific to the 
IOU program documentation needs, we heard from CBO staff that the requirements are similar to 
other programs that the CBOs connect community members to, suggesting that the lessons learned 
here may apply to other programs. The program qualification processes are reported in Table 8. For 
ESA participation, the implementer requests qualification information before the installation process 
can begin, whereas for CARE enrollment, it may occur after a participant has already received the 
discount for a sample of customers. 

Table 8: Program Qualification Requirement Comparison  

 

CARE ESA 

Application 
process 

Requires household income to be self-
reported, and CBOs involved in 
recruitment reported that they let people 
know that there may be a follow-up 
process with their IOU to verify income. 

Implementer requests this information 
before the installation process can begin 
(which may occur after a CBO has 
recruited a possible participant). 
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The general consensus among the CBOs was that ESA and CARE income documentation 
requirements are similar to the other programs and services that the CBOs offer. Only one CBO 
reported hearing back from customers somewhat regularly about providing verification needed to 
establish income qualification for CARE. The remaining CBOs said they do not get asked about 
verification letters for the sample of CARE participants who receive them very often. The CBO that is 
asked about the letters more frequently offers a service to its community members to sign customers 
up for in-language bills, so this may be why people are more likely to bring in verification letters. With 
regards to these income verification letters, one CBO noted that community members will occasionally 
bring in letters that they do not understand (not in the language they speak) and ask for assistance, 
but that this is not a frequent occurrence.  

In terms of recruiting undocumented immigrants for programs, the most common issue the CBOs 
reported is the fear among undocumented immigrants that accepting services will “be seen as not 
contributing to society” or that they will be considered “people in need” and that this perception will get 
in the way of their immigration process or that their immigration status will be discovered. These 
perceptions were reflected in discussions we had with three of the CBOs.  

Two CBOs reported that undocumented immigrants assume they will not qualify for low-income 
programs because they do not believe their income is low enough (and are unaware that higher 
incomes are allowed for large households or categorical enrollment options). A somewhat similar issue 
is highlighted in research done by Heffner and Campbell, who identify a challenge for residents of the 
United Kingdom to understand the requirements for discounted fuel rates.[8] Additionally, one CBO 
mentioned that there are some community members who do not want to give out income information 
and refuse program services for that reason.  

A major barrier to participation for undocumented customers is their perception that participation could 
involve answering questions they would prefer not to answer regarding their documentation status or 
having their status revealed in the process. Undocumented immigrants are able to participate in these 
programs as long as they can prove that they have income. Proof of income needs to come from one 
person in the household, or they can also provide an affidavit that states that they receive income in 
cash. In order to be able to explain the various ways to qualify for a program, a community member 
must feel comfortable discussing program participation. They may be worried about the types of 
questions they may have to answer, which may stop them from inquiring about or seeking out 
programs that provide assistance.  

If a person is comfortable enough with a CBO to bring up their documentation status, then the CBO 
can work to help them find a pathway to participation. One CBO noted that they sometimes ask 
undocumented persons if there is someone else in their home who may be able to meet the 
qualification requirements (eligibility may be determined by showing pay stubs or other proof of 
income, or documentation of participation in one of several public assistance programs). Another CBO 
reported that household members will sometimes ask a question for an undocumented household 
member so that the undocumented person is not identified as such until they know more about the 
application process. An implementer explained to customers that they can have them sign an affidavit 
if they are getting paid cash and do not have pay stubs to prove income.   

Conclusions 

With limited resources to seek out customers who are by definition harder to reach (either due to 
language barriers, lack of prioritization, or worry about identifying themselves), CBOs served as a 
useful proxy to understand underserved populations. By talking to trusted community members, we 
were able to reach a deeper understanding of the perspectives and needs of these populations. The 
CBO staffs were well positioned to compare the targeted interviewees with the other low-income 
community members that they serve, given that their communities are broader than just the 
undocumented or non-English language speakers that this research targeted. CBO staff were able to 
translate our questions when we were able to interact one-on-one with a community member.  

In the estimation of CBOs that serve these populations, neither low-income Asian language customers 
nor undocumented immigrants differ fundamentally from other low-income households in their energy-
related needs or circumstances. This population may benefit from more customized marketing and 
outreach, however that are sensitive to language and cultural concerns. If we had spoken with only the 
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targeted community members, we would not have been able to compare the needs to those of general 
low-income customers without performing additional interviews with the broader community. 

Specifically, our research suggests that both low-income Asian language-speaking customers and 
undocumented immigrants share information about programs and resources informally within their 
communities, so word-of-mouth information sharing should be recognized and possibly facilitated in 
IOU outreach strategies. Similarly, Asian language-speaking customers may respond more positively 
to marketing that stresses collective benefits over personal savings and gain. Furthermore, Asian 
language-speaking customers with limited English capability may face communication challenges 
during the scheduling and implementation phases of the ESA Program due to language barriers 
despite the in-language marketing offered by IOUs. Given these and other findings from this report, we 
conclude with the following insights on practices and opportunities that may improve outreach with 
both of these customer segments. 

For Both Asian Language-Speaking Households and Undocumented Immigrants 

 Providing communications in customers’ languages is essential for subsets of both of these 
customer segments, not only in initial contacts, but throughout a customer’s participation. 
Follow-up communications and visits by contractors may not always facilitate communication 
in a customer’s language—especially for Asian language-speaking customers—which can 
lead customers to drop their pursuit of ESA Program services. 

 Word of mouth is a key and much-used communication tool for both of these customer 
segments. Communication between members of the communities may be better utilized and 
facilitated as an outreach strategy by encouraging program participants to “tell your friends 
and neighbors” and by creating talking points or materials that can easily be used by 
participants. CBOs could also seek to use testimonials and case studies from the 
neighborhood to encourage participation. 

 Income verification requirements for IOUs resemble those for other need-based programs and 
were not seen by CBOs as particularly problematic. 

For Asian Language-Speaking Customers Only 

 The collectivist nature of Asian culture suggests that messaging that promotes community, 
neighborhood, or society would resonate more than messages emphasizing monetary savings 
for an individual alone. Program outreach in Asian languages could feature these themes. 

For Undocumented Immigrants Only 

 Trust is an important prerequisite before households from some Spanish-speaking countries in 
the Americas will engage with an organization. This tendency may be amplified for 
undocumented immigrants. Building relationships forms the trust, but takes time and repeated 
contacts. A visible presence in the community can be a useful way to develop those 
relationships through repeated contacts with individual households. 

 Community leaders—such as priests and community center staff—have influence over 
households in these communities. Active or passive encouragement from these community 
leaders demonstrates to households that a particular service provider or program is safe and 
potentially beneficial. Active encouragement could involve promotion by the community 
leaders in their contacts with households; passive encouragement could be as simple as 
being seen with the community leaders and similar visual cues. 
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1. Abstract 
 
Effective multilateral climate agreements will require an understanding of the factors that underlie 
country energy behaviors. In this paper, an Oaxaca-Blinder decomposition is employed to analyze 
factors underlying the differences in residential energy-use behavior in China, Germany and United 
States households. We focus on three household decisions: purchasing energy-efficient appliances, 
employing energy saving measures like turning off lights when leaving a room, and purchasing fuel-
efficient vehicles. Chinese households show the highest adoption for all three energy-use behaviors, 
followed by Germany, and with the U.S. lagging significantly behind. Observed country differences are 
then decomposed into country mean differences and country variable coefficient differences. Variable 
mean differences are found to be a major contributor to differences between Chinese households and 
U.S. and German households. This stems from Chinese households having higher means for the 
variables that are positively associated with energy-savings behavior. In the China – U.S. comparison, 
environmental attitude and energy perception mean differences drive the overall differences, where 
U.S. respondents report a lower willingness to accept that climate change stems from human activity. 
Conversely, variable coefficient differences are the primary contributor to German - U.S. differences. 
Finally, in all three decompositions, income, perceived financial advantages of energy savings, and 
perceived effectiveness of energy savings in combating climate change are significant factors. Thus, 
country income growth and improvements in public information on cost-savings and environmental 
benefits from energy-saving strategies are key components of future reductions in household 
greenhouse gas emissions. 
 

2. Introduction 
 
Greenhouse gas (GHG) emission levels are of increasing concern in the scientific community, with 
global emissions increasing by 90 percent from 1970 to 2010 

[1]
. The Intergovernmental Panel on 

Climate Change has concluded that at current rates of GHG emissions temperatures will rise by more 
than 2°C in two or three decades

 [2]
. There is widespread agreement on the need for sharp worldwide 

reduction in GHG emissions. Abatement costs, however, are country, community, and even household 
or firm specific, while benefits from reductions in GHG emissions are global.  Economically, this 
situation seemingly generates classic benefit appropriation problems from a public good, whereas 
individuals receive the benefit of abatement regardless of their contribution to reductions. Thus, 
countries are reluctant to impose restrictions on CO2 or other GHG emissions that generate domestic 
economic disadvantages without fully appropriating the benefits associated with reductions.  
 
A significant share of CO2 emissions come from household energy consumption and residential 
energy use behavior is an important component of national efforts to meet emission targets. 
Residential homes account for 11% of global CO2 emissions, while road transportation accounts for 
10.5%. In both China and the US, residential homes account for 0.3 billion tons of CO2 per year, out of 
8.2 and 5.1 billion tons emitted, respectively.  In the EU, residential homes account for 0.4 billion tons 
out of 3.5 billion tons emitted 

[3]
. Households play an important role in conservation efforts and their 

decisions to undertake energy conservation measures, purchase energy-efficient appliances, and 
purchase fuel-efficient automobiles CO2 emissions. Household preferences, manifested through 
household behavior, also shape political demands for specific country and multilateral CO2 emissions 
regulations. 
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Over the last 30 years, there has been abundant research on the determinants of energy behavior for 
households in specific countries. When looking at household energy consumption, approximately 33% 
of consumption variations between households within a country can be traced to household behavior 
and characteristics 

[4]
. Variations in inter-country preferences for energy use and energy conservation 

pose a particular challenge for multilateral agreements and little is known about their magnitudes or 
impacts. The source of differences in energy behavior can have important implications for perceived 
equitable country commitments to global CO2 reductions. Previous research has examined the 
determinants of energy-conservation behavior for individual countries, but no analysis to date has 
examined the roles that differences in household attitudes and differences in preferences associated 
with household attributes play in observed cross-country differences in residential energy-efficient 
technology adoption and energy conservation. This paper fills that gap by comparing determinants of 
propensities to adopt energy saving technologies and energy conservation practices in three major 
GHG producing countries: China, Germany, and the U.S.  
 

3. Literature Review 

 
Cross-country analyses of household adoption of energy-efficient technologies and energy 
conservation practices are limited, but existing evidence suggests considerable heterogeneity. A 
survey of 10 OECD countries found appreciable variation in household investments in energy-efficient 
technology, energy-conservation behavior, government support for installations of energy-efficient 
technologies, environmental concerns and attitudes, and motivations to reduce energy consumption 
[5]

. Mills and Schleich examine inter-country variances of energy-efficient technology adoption and 
energy conservation for EU countries and find considerable cross-country variation due to differences 
in household composition, knowledge and environmental attitudes within a multivariate regression 
framework 

[6]
.  

 
When focusing on individual countries, residential energy use behavior can be related to three broad 
groups of factors: household characteristics, household environmental attitudes and household 
perceptions of conservation benefits. We briefly discuss findings in these areas with respect to 
variables relevant to the current study.  
 
3.1 Household Characteristics 
 
In terms of household characteristics, the number of household members may increase energy use 
due to the increased appliances required at any given point (ex. lights, wall outlets, etc.). This 
increased overall cost results in greater savings from energy-efficiency investments. Empirical 
research suggests the number of household members shows a positive correlation with the adoption 
of energy-efficient technologies 

[7][8][9]
. Some studies, however, have reported a negative correlation 

with household size and energy-efficient appliance adoption 
[10]

. Similarly, greater residential size 
increases appliance use in some cases (ex. air conditioning, heat, etc.) and generates a greater 
economic incentive to purchase energy-efficient technologies.  
 
Previous research has also shown a positive correlation between higher levels of education and 
energy-conservation behavior. One explanation of this correlation is the increased ease of information 
acquisition from energy-efficient technologies among more educated individuals (Schultz 1975). 
Further, higher education tends to increase one’s understanding of information on the labels of 
products 

[11]
. Research also suggests households with higher education levels may have lower 

household inter-temporal discount rates (i.e. the rate at which households discount future costs and 
benefits) 

[12][13][14]
. Implicit lower discount rates increase the tendency of households to purchase 

energy-efficient technology that have a higher initial price, but generate energy savings over the long-
term. Further, it has been shown that individuals are often myopic with respect to the duration of 
investments in energy-efficient technologies and this focus on immediate benefits generates a lower 
incentive to purchase energy-efficient technologies 

[15][16]
.  

 
There has also been an abundance of research on the effects of income on energy-conservation 
behavior. The majority of studies show a positive correlation between income and the adoption of 
energy-efficient technologies 

[6][10][17]
. One reason for this positive correlation may be an increased 

willingness of high-income households to bear increased upfront costs associated with energy-efficient 
technologies. Households with lower incomes, on the other hand, may recognize the long-term 
financial advantages of purchasing energy-efficient technologies but are unable to absorb the higher 
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upfront cost. However, research has also shown that lower income households have a higher 
tendency to conserve energy at home to generate financial savings 

[18][19][20]
. 

 
The presence of young children in the household may also have a positive effect on the adoption of 
energy-efficient technologies and energy-conservation behavior 

[21]
. Parents of young children heavily 

value both their own future and the long-term future of their children. This includes creating a more 
sustainable natural environment for their child. The research of Torgler, on the other hand, contradicts 
this correlation and shows that there is little, if any, effect of the presence of young children in the 
household on energy-conservation behavior 

[22]
.  

 
There has been little research on the association between average miles driven per year and the 
tendency to purchase energy-efficient technologies, including fuel-efficient vehicles. The exception 
being the documentation of the rebound effect of purchasing a fuel-efficient car on the distance one 
drives. In other words, when an individual purchases a fuel-efficient vehicle, they drive more miles 
since the marginal cost of miles driven declines. This increased driving dampens the energy savings 
associated with the fuel-efficient vehicle. Greening and Greene report a typical rebound effect of 10% 
with an increased fuel-efficiency vehicle, which can increase to a 20-30% with extreme changes in 
fuel-efficiency or decreased fuel prices 

[23]
. However, outside of rebound effects, higher miles driven 

may be an indication of a less eco-friendly lifestyle. 
 
A positive effect of homeownership on adoption of energy-efficient appliances has been widely 
documented in recent decades 

[15][24]
. Renters often do not stay in their rented home long enough to 

fully realize the long-term financial advantages of investments in energy-efficient technologies. There 
is also often an investments benefits appropriation problem in rented residences. Landlords often 
purchase appliances, but tenants gain the energy savings 

[8]
.  

 
3.2 Household Environmental Attitudes 
 
Beyond household characteristics, household attitudes with respect to the natural environment may 
play an important role in household energy use behavior. The New Ecological Paradigm (NEP) 
measures fundamental environmental values on a multi-question scale. Since the NEP’s inception, 
there has been much research on its correlation with energy conservation behavior; with most 
research showing a positive correlation 

[25][26]
. Previous research has also shown that increased 

general environmental awareness has a positive correlation with stated energy-efficient behavior 
[27][28][29]

. However, conflicting research has shown that the correlation may actually be much weaker 
than researchers claim when outcomes are measured in terms of specific environment conservation 
actions 

[29][20][31]
.  

 
Peer associations also matter in energy-efficient behavior. An abundance of social science research 
has suggested that groups, formal organizations and social context are important drivers in the 
decisions of individuals 

[32][33]
. Bowles even argues that national policies are largely ineffective due to 

the larger influence of group norms on individuals’ decisions 
[34]

. Kahn reports that members in an 
environmental organization are more likely to internalize the effects of negative environmental 
externalities and are, therefore, more likely to conserve energy at home and purchase energy-efficient 
technology 

[35]
. 

 
3.3 Household Perceptions of Energy Conservation Behavior 
 
Perceptions of the benefits of energy-efficient behavior also appear to influence household energy 
behavior. Two important factors in whether a household adopts energy conservation practices are the 
perceived financial benefits and the perceived societal benefits of the behavior 

[6]
. When individuals 

recognize the long-term financial benefits, they will be more likely to engage in the energy-efficient 
behavior 

[36]
.  The influence of environmental benefits on household energy conservation is less clear. 

Attari finds that households often do not recognize the true environmental benefits of energy 
conservation behavior 

[37]
. For example, approximately 50% of consumers are unaware of the potential 

energy savings of compact fluorescent light bulbs relative to traditional light bulbs 
[29]

. Information 
campaigns can thus be an important component of efforts to promote residential energy conservation 
but may be better framed in terms of financial savings than financial benefits 

[6]
. 

 



 

518 
 

Dependent 
Variables 

Figure 1. 

Associations between household characteristics, attitudes and perceptions and energy-efficient 
behavior have clearly been comprehensively researched. There is, however, a gap in the literature 
pertaining to how these variables contribute to inter-country differences in energy use behavior. 
Household characteristics, attitudes and perceptions differ significantly and, moreover, the impact of 
these factors on behavior may differ in both direction and in magnitude. The literature to date has not 
examined the relative contributions of characteristic differences and propensity differences to 
observed differences in energy use behavior. 
 

4. Model Specification 

 
This section provides conceptual and empirical frameworks for the study and specifies the variables 
employed in the analysis. 
 
4.1 Conceptual Framework 
 
Residential energy use decisions are assumed to be shaped by three core sets of factors: household 
characteristics, household environmental attitudes and household perceived benefits of energy 
conservation. Our empirical model, therefore, specifies independent variables in these categories to 
explain observed differences in energy use behavior in China, Germany and the U.S. 
 

 
4. 2. Linear Probability Model (LPM) 
 
Linear Probability Models (LPMs) are employed to statistically estimate the relationship between 
household characteristics, household environmental attitudes and perceived benefits of energy 
conservation and the discrete choices to purchase energy-efficient appliances, take energy saving 
actions at home, and purchase fuel-efficient automobiles in China, Germany and the U.S. The LPM is 
specified as: 
 

𝑦𝑐 = 𝑋𝑐′𝛽𝑐 + 𝜀𝐶 
 
where 𝑦𝑐 is a discrete indicator of the use of the energy-efficient technology or conservation practice in 

country c, 𝑋𝑐 is a vector of household characteristics and 𝜀𝑐 a random error term.  An LPM is the 
preferred estimator for this study because it linearly decomposes country differences in the dependent 
variables into differences in individual household variable means and parameter estimates. When 
looking at country differences in energy use behavior, it is important to understand whether they differ 
because of underlying independent mean differences of the countries (𝑋𝑐) or whether there are 

propensity differences associated with parmeter estimates (𝛽𝑐), given a certain level of the variable. 
There are, however, several deficiencies associated with LPMs. First, a LPM occasionally generates 
probability outcomes for individual observations that are outside the feasible range of zero to one. 
This, however, is not a significant concern when the research is focusing on differences in national 
averages rather than individual observations. In this particular study, the issue does not arise 
empirically. Second, standard errors are, by construct, heteroskadasitic. This concern is easily 
addressed in model estimation by employing robust standard error estimates. 
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4.3. Oaxaca-Blinder Decomposition 
 
From LPM results, country differences in purchasing energy-efficient appliances, taking energy saving 
actions at home, and purchasing energy-efficient automobile are decomposed using a Oaxaca-Blinder 
Decomposition into three components: the difference due to variances in country characteristics, the 
difference due to country propensities given those characteristics, and the difference associated with 
the interaction between variable mean differences and parameter estimate differences 

[38]
. 

 
The observed difference in an outcome between Country A and Country B dependent variables can 
be expressed as the difference of each country’s respective LPM estimates at the national means. 
Errors are ignored in the specification of the decomposition, as their expected means equal zero. 
 

𝐸(𝑦𝐴) − 𝐸(𝑦𝐵) = 𝐸(𝑋𝐴)′𝛽𝐴 − 𝐸(𝑋𝐵)′𝛽𝐵 
 
With country B serving as a benchmark, this equation can be decomposed into the contributions of 
country variable mean differences (Endowments), variable parameter differences (Coefficients) and 
interaction terms (Interaction).  
 

𝐸(𝑦𝐴) − 𝐸(𝑦𝐵) = {𝐸(𝑋𝐴) − 𝐸(𝑋𝐵)}′𝛽𝐵 

+ 𝐸(𝑋𝐵)′(𝛽𝐴 − 𝛽𝐵)               

+ {𝐸(𝑋𝐴) − 𝐸(𝑋𝐵)}′(𝛽𝐴 − 𝛽𝐵)                              

 
The difference in the endowments term captures the contribution of differences in country variable 
means. The difference in the coefficients term captures the contribution of parameter estimate 
differences, given Country B variable means. The difference in the interaction term captures the 
interactions between country variable mean differences and country parameter estimate differences. 
 
The endowment and coefficient terms are intuitive. The endowment terms represent the impact of 
maintaining Country B parameter estimates and measuring the impact of the difference in variable 
means between Country A and Country B. The coefficient terms represent the impact of Country B 
variable means and measures the impact of the difference in variable parameter estimates. The 
interaction terms represent the additional impact due to the simultaneously measured differences in 
variable means and parameter estimates.  
 

{𝐸(𝑋𝐴) − 𝐸(𝑋𝐵)}′ (𝛽𝐴 − 𝛽𝐵) = 𝐸(𝑦𝐴) − 𝐸(𝑦𝐵) 

− {𝐸(𝑋𝐴) − 𝐸(𝑋𝐵)}′𝛽𝐵 

− 𝐸(𝑋𝐵)′(𝛽𝐴 − 𝛽𝐵)  

After rearranging the three terms, it is clear that the interaction is merely the remainder of the total 
difference after deducting the impact of Endowments and Coefficients. 
 
4. 4. Dependent Variables 
 
The overall goal of this research is to discover the important factors underlying differences in 
household energy conservation practices in China, Germany and the U.S. The three dependent 
variables of primary interest are binary discrete indicators of whether the household bought energy-
efficient appliances (EEA), took actions to save energy at home (e.g. regularly turning off lights when 
not in the room, unplugging unused appliances, etc.) and bought a fuel-efficient car. We focus on 
actions taken by the household and responses are coded as a “1” if the household has already taken 
this action and a “0” otherwise. When looking towards household energy-conscious decisions, there 
are two primary ways for a household to conserve energy: increase efficiency or reduce usage. 
Energy-efficient appliance and vehicle purchase tendency are energy-efficient measures, while saving 
energy is an energy conservation measure. The combination of the three chosen dependent variables 
provides a comprehensive representation of the everyday energy-conservation actions being 
undertaken by a household. 
 
 

(Endow.) 

(Coeff.) 

(Inter.) 
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4. 5. Independent Variables 
 
The independent variables to be associated with the dependent variables can be broken down into 
three distinct and separate categories: household characteristics, household environmental attitudes 
and household perceptions regarding the effectiveness of energy conservation actions.  
 
4.5.1 Household Characteristics 
 
The study includes several socio-demographic household characteristics with the potential to influence 
the likelihood of engaging in energy-conservation behaviors. Gender of the respondent is included 
with female coded as a “1” and a male coded as a “0.” Household size represents the number of 
people currently living in the respondent’s household. The level of education indicates that the 
respondent has attained a “high education” if they have received an education beyond a traditional 
high school education; this variable was adjusted to compensate for country educational system 
differences between the three countries. An individual that has attained this higher level of education 
is coded as a “1” and an individual that has not attained this level of education is coded as a “0.” Living 
together is, similarly, a discrete indicator for cohabitation with a partner or spouse. The variable 
number of children indicates the number of children under the age of 18 that currently live in the 
respondent’s household. The survey also asks respondents to report the number of cars that the 
respondent’s household has access to and the miles driven each year. Chinese and German 
responses on miles driven are converted from kilometers to miles in order to create comparable 
measures. The variable homeowner is a discrete indicator of whether a respondent lives in either an 
owned apartment or an owned household. Finally, income is a continuous variable for the level of 
income of the respondent’s household.  
 
The questionnaire asked the respondents their level of income by choosing a particular categorical 
range of incomes. In order to convert this discrete data into comparable continuous data, we averaged 
the upper and lower limits of each category and then set the income level of each respondent to their 
associated category’s average amount. Incomes for Germany and China are then converted into U.S. 
Dollars using December 2013 exchange rates. For the largest income category (ex. $12,500 per 
month or more), we have chosen to take a conservative approach and set response in this category to 
remain at $12,500 in the calculation of income. We also included an indicator variable indicating the 
income observation is top coded.  
 
4.5.2. Household Environmental Attitudes 

 
Beyond household characteristics, it is important to consider the cultural attitudes of respondents that 
drive energy-use behavior.  
 
The New Ecological Paradigm Scale, labeled as NEP, is composed of six different statements that 
measure the fundamental values of the respondents, with respect to the respondent’s attitude toward 
the human consumption of the natural environment, relative priorities of humans versus plants and 
animals, and the perceived delicacy of the natural environment. Table A.1 provides the full list of NEP 
questions. The current study also includes information on the respondent’s general feelings towards 
climate change by asking whether the respondents strongly associate climate change with feelings of 
Worry, Responsibility, and Hopelessness. An individual that is emotionally invested in climate change 
may feel greater pressure to adopt energy-efficient behaviors. Also included are variables that test 
how informed the respondents are with regard to climate change: whether they deem themselves well 
informed, whether they believe that climate change is human caused and whether they believe that 
climate change is already occurring. These variables are obtained in the survey from pointed 
questions where respondents state whether or not they ascribed to the beliefs. An indicator of whether 
the respondent is a member of an environmental organization captures the influence of social groups. 
This study also includes indicator variables for whether the respondent feels that combating poverty 
and combating climate change are either “rather important” or “very important.” 
 
4.5.3. Household Perceptions of Energy Conservation Behavior 
 
The final category of independent variables measures the perceived financial benefits and perceived 
effectiveness in combating climate change of energy-conservation actions. 
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These two questions on perceived financial benefits and effectiveness are asked for the three 
dependent variable energy conservation actions (purchasing energy-efficient appliances, using energy 
conservation practices at home, and purchasing a fuel-efficient car) as well as for the use of 
renewable resource technologies. Indicator variables are generated to identify respondents who 
respond that effectiveness is “rather a lot” or “a lot” for these behaviors. In order to avoid issues with 
reverse causality, responses for the associated dependent variable technology are excluded (i.e. The 
energy efficient appliance specification excludes the questions on perceived financial and 
environmental effectiveness of energy-efficient appliances). 
 
4.5.4 Don’t Know/No Answer Selection 
 
In order to prevent biases such as a central tendency bias, acquiescence bias, and social desirability 
bias, a “Don’t know/no answer” choice was available for each question. However, treating these 
responses as missing observations greatly reduces the number of observations. To address this issue, 
observations with missing values for more than half of the variables employed are dropped from the 
analysis. In total, 40 of 3445 observations were dropped, representing 1.16% of the observations. 
Often, an answer of “Don’t know/no answer” can be treated as a separate answer entirely – rather 
than as a missing value. For example, when asking if a measure has already been taken, respondents 
that answer these questions with a “Don’t know/ no answer” response clearly have not consciously 
engaged in the activity. These respondents, therefore, should be treated in the same manner as 
respondents that have reported that they have not engaged in the activity. There are, however, 
obvious exceptions to this practice – where individuals have a strong tendency to purposely choose 
“No answer” (ex. income) or where there is a reasonable expectation that a respondent may not know 
the answer to the question (ex. effectiveness of buying energy-efficient appliances). Table A.2 
provides details on how “Do not know/ no answer” responses are treated for each question. 
 

5. Data and Descriptive Statistics  

 
The data for this study comes from a survey of 3,445 individuals aged 18 years or older in China, 
Germany and the U.S. The market research company GfK SE (Gesellschaft für Konsumforschung) 
carried out the survey in each country during the months of May and June 2013, with 1,005 
respondents in Germany, 1,010 respondents in the U.S., and 1,430 respondents in China completing 
the questionnaire. In Germany and the U.S., the samples were drawn from the GfK online panels for 
the countries (respondents were invited via email to attend a self-administered web-based interview) 
and the panel employs survey sample weights to make the dataset nationally representative. In China, 
employees of GfK China recruited respondents in eleven core regions. The recruits were invited to 
centrally located test studios and interviewed face-to-face. Survey questions ranged from simple yes 
or no questions to those requiring the respondent to assess on a five-point scale how strongly they 
believed in certain ideals or engaged in certain practices with respect to each country. In each country, 
the survey took approximately 30 minutes to complete. Table 1 presents the overall descriptive 
statistics of the survey for each of the variables analyzed in this study.

174
 

 
5.1 Dependent Variables 
 
The disparity in household energy conservation practices adoption in China, Germany and the U.S. is 
striking. At the time of the survey, 83% of Chinese citizens reported purchasing energy-efficient 
appliances, whereas only 75% of German respondents, and 64% of U.S. respondents purchased 
energy-efficient appliances. Chinese and German respondents also report very high tendencies to 
save energy at home relative to the U.S., with 87% and 86% respondents indicate practicing energy 
saving techniques in China and Germany, respectively. In the U.S., only 77% of respondents report 
taking actions to save energy at home, such as reducing air conditioning, unplugging unused 
appliances and turning off lights. Finally, 48% of Chinese respondents, 40% of German respondents 
and only 35% of U.S. respondents reported purchasing an energy-efficient automobile. In summary, 
Chinese respondents report higher adoption of all three energy conservation practices with German 
respondents lagging slightly behind and the U.S. respondents significantly behind. This paper will 
examine relationships with household characteristics and environmental attitudes and energy 
conservation perceptions that underlie these differences. 
 

                                           
174

 Standard deviations are provided for continuous variables. 
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5.2 Independent Variables 
 
5.2.1 Household Characteristics 
 
Household characteristics examined include household composition, education and assets. Most 
household characteristics are significantly different across the countries. According to survey data, the 
average household sizes for China, Germany and the U.S. are 3.66, 2.39 and 2.49 people, 
respectively. Along these lines, 83% of Chinese respondents were either married or lived with a 
partner, whereas Germany and the U.S. reported only 63% and 56% of respondents being married or 
partnered, respectively. Moreover, China reported an average of 0.68 children per household, 
whereas Germany and the U.S. reported an average of 0.40 and 0.48 children per household, 
respectively. This relative ranking of household size is supported by census data from each country; 
where Chinese households have a average household size of 3.02 people, followed by the U.S. with 
2.61 people and then German households with 2.20 people 

[39][40][41]
. 

 
Education and wealth levels are other household characteristics that may underlie differences in the 
adoption of energy conservation practices. According to the survey, 74% of Chinese respondents, 
50% of German respondents and 69% of U.S. respondents were categorized as having high 
education. For the study, high education is defined as some university-level education, adjusted for 
cultural differences. For instance, lower levels of high education in Germany may be due to a stronger 
promotion for technical schools. Significant income differences are also found after converting the 
income of China and Germany to U.S. dollar equivalents. Conservative methods are employed to 
calculate average income

175
. Thus, the income data reported from the survey is expected to be a 

lower value than the census data. Households in China report an average income of $1,301 per 
month, German households report an average income of $2,250 per month and the U.S. households 
report an average income of $3,532. The relative income levels of the countries are again supported 
by census data from each respective country. According to the census data, China has an average 
income of $852, Germany has an average income of $3,734 per month and the U.S. has an average 
income of $4,457 per month 

[42][43][44]
. High-income levels in China, relative to census estimates, do not 

raise concerns about the representativeness of the sample. A final indicator of wealth is if the 
household owns either an apartment or house; 84% of Chinese respondents, 51% of Germany 
respondents and 65% of U.S. respondents reported that they owned their residence. The relative 
ranking of homeownership results of our survey parallel other national surveys, which find that 93% of 
Chinese, 60% of German, and 66% of U.S. inhabitants are homeowners 

[41][45][46]
. 

 
One of the more publicized determinants of climate change is the use of fossil fuel across the world, 
for transportation. Therefore, variables on the number of cars per household and the average miles 
that a respondent drives per year are also used in the analysis. According to survey data, Chinese 
households have 0.77 cars, German households have 1.3 cars and U.S. households have 1.5 cars, on 
average. Moreover, U.S. respondents drive substantially more miles than their German and Chinese 
counterparts with an average of 12,433 miles per year compared to 10,040 miles and 9,039 miles per 
year for German and Chinese respondents, respectively.  
 
5.2.2 Household Environmental Attitudes 
 
Differences are also found in the environmental actions, attitudes and perceptions that shape the 
propensity for individuals to engage in energy conservation practices. As mentioned in the previous 
section, the New Ecological Paradigm Scale  (NEP) measures many fundamental beliefs regarding 
conservation of the natural environment. German respondents report the highest score of the three 
countries at 4.0. China reports the second highest NEP score at 3.6, followed by the U.S. with a score 
of 3.0. There is an interesting contrast between fundamental environmental values and household 
willingness to join an environmental organization, 17% of Chinese respondents reported being a 
member of an environmental organization, whereas 11% of German and 14% of U.S. respondents 
reported being a member of an environmental organization. Thus, German households report the 
highest NEP scores on average, but the lowest levels of environmental organization membership. 
 

                                           
175

 While forming the average income, each response was represented as the average of the associated category. Those 
responses that selected the highest category (ex. $12,500 or more) were capped at that minimum level for that category. Thus, 
the income average estimate is conservative. 
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Perceptions with respect to climate change also vary across countries. In terms of whether the 
respondents strongly associate climate change with feelings of Worry, Responsibility, and 
Hopelessness, 80% of Chinese respondents, 57% of German respondents and 40% of U.S. 
respondents reported being worried about climate change. These environmental sentiments parallel 
the findings in surveys done by Yale and the Pew Research Center reporting that 73% of Chinese, 
60% of German and 58% of Americans are concerned about climate change 

[47][48]
. This is a 

particularly striking disparity and a similar trend is found with respect to other perceptions. For 
instance, 80% of Chinese respondents, 60% of German respondents and 39% of U.S. respondents 
reported feeling a sense of responsibility for climate change. Finally, 27% of Chinese respondents, 
27% of German respondents and 24% of U.S. respondents felt hopeless in the battle to prevent 
climate change.  
 
Knowledge and information levels on climate change also differ across the three countries. According 
to survey data, 35% of Chinese respondents, 21% of German respondents and 24% of U.S. 
respondents felt well informed about the international climate conferences. Despite overwhelming 
scientific evidence, a substantial share of individuals in all three countries do not feel human actions 
are contributing to climate change. In the survey, 54% of Chinese, 57% of German and 49% of U.S. 
respondents believed that human activity is at least party causing climate change. However, by 
contrast, 88% of Chinese respondents, 78% of German respondents and 70% of U.S. respondents 
believe that climate change is already occurring.  
 
Differences are also found in the perceived importance of solving the global issues of climate change 
and poverty from respondents of the three countries. According to survey data, 94% of Chinese 
respondents, 83% of German respondents and 63% of U.S. respondents think that combating climate 
change is important to solving global challenges. Moreover, U.S. also places a lesser importance on 
solving other global challenges such as poverty; 84% of Chinese, 87% of German and 77% of U.S. 
respondents think that combating poverty is important to solving global challenges.  
 
5.2.3 Household Perceptions of Energy Conservation Behavior 
 
Perceptions of the effectiveness of energy conservation also differ by country. Perceived financial 
advantages remain an important motivation for the adoption of energy conservation technology and 
behaviors 

[5][8]
. As one can see in both Tables 1 and A.3, China and the U.S. both report higher levels 

of perceived financial advantages than Germany regarding the purchase of buying energy-efficient 
appliances. All three countries have similar levels of perceived financial advantages of saving energy 
at home, at around 71% of respondents. China has a significantly higher proportion of respondents 
indicating that they perceive financial advantages to purchasing a fuel-efficient car. With regard to the 
perceived financial advantages of renewable energy, China reports the highest proportion, with the 
U.S. behind and then Germany. In all four questions of perceived financial advantages, China had the 
lowest proportion of “Other” responses (Table A.3), followed by Germany and then the U.S. Also, the 
perceived financial advantages of renewable energy reported a considerably higher proportion of 
“other” responses for all three countries, especially in the U.S. where 17.6% of respondents reported 
an “Other” response.  
 
Chinese respondents have a much higher perception of the effectiveness of buying energy-efficient 
appliances, saving energy at home, buying a fuel-efficient car and using renewable energy in 
combating climate change than the German and U.S. respondents with around 80% of respondents 
believing these measures are effective. U.S. and German respondents have fairly similar perceptions 
of effectiveness for four energy conservation measures, with Germany being slightly more favorable 
for three of the four categories.  Regarding the proportion of “Other” responses (Table A.4), there is a 
similar pattern to that found for perceived financial advantages. China has a significantly lower 
proportion of non-responses, followed by Germany and then the U.S. Energy savings for renewable 
energy, like for financial advantages, tends to gather the highest proportion of “Other” responses, with 
11.2% of the U.S. respondents reporting an “Other” response.  
 

6. Regression Results 

 
Regression results are reported for each country for the three energy conservation behaviors. 
Statistically significant parameter estimates in each model are identified and their magnitude is 
compared for China, Germany and the U.S.  
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6. 1. Buy Energy-Efficient Appliances 
 
Table 2 presents results for buying energy-efficient appliances with independent variables grouped by 
household characteristics, environmental attitudes and perceived effectiveness of energy 
conservation. 
 
Household characteristic parameter estimates for energy-efficient appliances purchases vary widely 
across countries. Surprisingly, household size and high education do not show a significant correlation 
with purchase of energy-efficient appliances in all three countries. On the other hand, income is 
statistically significant in the Chinese and German models, but not to the U.S. model. The Chinese 
model reports a negative correlation between income and propensity to purchase energy-efficient 
appliances. Germany, conversely, reports a positive correlation between income and purchase of 
energy-efficient appliances. Living together with a partner is positive and significant for the U.S. model, 
but not significant in the Chinese or German models. The number of cars per household is only 
statistically significant in the German model, where it is positive. The number of miles driven in the last 
year is statistically significant in the Chinese, German and U.S. models but the coefficient is negative 
for Germany and China and positive for the U.S. 
 
There are also important differences in the coefficient estimates regarding the environmental attitudes 
and perceptions of households. A feeling of responsibility for climate change is positively related to 
energy-efficient appliance purchases and significant in the German model, while a feeling of 
hopelessness about climate change is negative and significant in the Chinese model. The belief that 
human activities are the cause of climate change is only statistically significant in the U.S. model with 
a relatively very high positive coefficient.  
 
Estimates of the effectiveness of energy conservation for financial reasons and for combating climate 
change also differ. Perceived financial advantage of saving energy at home is positive and significant 
in the German model but not significant in the Chinese and U.S. models. Finally, the perceived 
effectiveness of saving energy at home in combating climate change is significant in all three models 
with a strong positive correlation. 
 
The country models all show moderate R-squared values; where between 10 and 20 percent of the 
variation in energy-efficient appliance adoption is explained by the independent variables.  Germany 
has the highest R-squared value of 0.207, followed by the U.S. of 0.139 and then China of 0.107.  
 
6. 2. Save Energy At Home 
 
Table 3 presents linear probability model estimation results for taking actions to conserve energy at 
home. 
 
Household size and higher education show no correlation with taking actions to conserve energy at 
home in all countries. Income is positively correlated with saving energy at home for the U.S. model, 
but has negative coefficient estimates in the Chinese and German models. Homeownership is positive 
in the German and U.S. models; however, it is negative in the Chinese model. The number of cars per 
household is positive and significant in the Chinese model. On the other hand, the number of cars per 
household is negatively correlated with saving energy at home in the U.S. model. The number of miles 
driven in the last year is positive and significant in the German model.  
 
For environmental attitudes and perceptions variables, NEP is positive and significant in both the 
German and Chinese models and is also important to the U.S. model (p = 0.10). As with energy-
efficient appliance purchase tendency, the belief that human activities are the cause of climate change 
is positive and significant in the U.S. model.  
 
Perceptions of energy conservation effectiveness also matter. The perceived financial advantage of 
purchasing a fuel-efficient car is positive and significant in the U.S. model but has little impact on 
adopting home energy conservation measures in the Chinese and German models. The perceived 
financial advantage of renewable energy is positive and significant in the Chinese model and the 
perceived environmental effectiveness of purchasing energy-efficient appliances is positive and 
significant in all three models.  
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Model R-squared values again indicate moderate explanatory power. Germany has the highest R-
squared coefficient of 0.186, followed by the U.S. and China at 0.150 and 0.134, respectively. 
 
6. 3. Buy Fuel-Efficient Car 
 
Table 4 presents results for buying a fuel-efficient automobile. 
 
The only significant household characteristic is a positive relationship between married or partnered 
households and fuel-efficient car purchases in the U.S. 
 
Environmental attitudes and perception variables are more influential. Membership in an 
environmental organization is positive in the Chinese model and negative in the German model. 
Feeling responsible for climate change is positive and significant in the German model. The belief that 
human activities are the cause of climate change is positive and statistically significant in the U.S. 
model, while the perceived importance of combating poverty is positive and significant in the Chinese 
model.  
 
In terms of energy conservation effectiveness, the perceived effectiveness of buying energy-efficient 
appliances in combating climate change is positive and significant in the German model and the 
perceived effectiveness of renewable energy in combating climate change is negative and significant 
in the Chinese model.  
 
R-squared values are much lower than the previous two models. Only one model falls within the 
moderate range of R-squared values: Germany with an R-squared value of 0.132. The U.S. and 
Chinese models have R-squared values of 0.088 and 0.056, respectively, suggesting the independent 
variables explain little of the observed variation in fuel-efficient car purchases in these countries. 
 

7. Decomposition Results 

 
Pair-wise Oaxaca-Blinder decomposition results are discussed in this section. Decompositions focus 
on endowment and coefficient contributions overall and within household characteristics, 
environmental attitudes and energy conservation effectiveness sub-groups. 
 
7. 1. United States and Germany Decomposition 
 
Table 5 presents the decomposition results for observed purchases of energy-efficient appliances, 
conserve energy at home, and purchase of fuel-efficient automobiles in the United States and 
Germany. In Table 5, Panel A presents overall differences between the countries, the aggregate 
contributions of endowment and coefficient differences, and endowment and coefficient contributions 
in the household characteristics, environmental attributes, and energy conservation sub-groupings. 
Panel B further decomposes endowment differences into specific variable contributions and Panel C 
does the same for variable coefficient estimate differences. 
 
7. 1. 1. Buying Energy-Efficient Appliances 
 
As referenced in Column 1 of Panel A of Table 5, Germans show a higher tendency to purchase 
energy-efficient appliances than the U.S., with an overall observed difference of 4.9 percentage points. 
In this particular decomposition, endowment differences actually increase the observed difference by 
0.3 percentage points, rather than explain the gap

176
. By contrast, coefficient differences explain a 

difference of 8.2 percentage points, more than the overall observed difference. Household coefficients 
account for all of this aggregate difference. The interaction terms accounts for the remaining group 
increases the observed difference by 3.0 percentage points. 
 
Turning to individual variable contributions, Column 1 of Panel B of Table 5 shows that endowment 
differences barely impact the overall observed difference in Germany and U.S. tendencies to purchase 
energy-efficient appliances and there are no statistically significant variable mean difference 
contributions., However, several variables influence the magnitude of the overall endowment 
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difference. The two largest contributions come from income and homeownership, which increase the 
overall observed difference between the U.S. and Germany by 1.5 and 1.6 percentage points, 
respectively. Higher U.S. variable means for income and homeownership (Table 1) raise expected 
U.S. Energy-efficient appliance purchase tendencies and lead to this contradictory impact. These two 
contradictory endowment difference impacts are, however, ultimately offset by other variables in the 
model with endowment differences that explain the gap to create an overall increase the observed 
difference by 0.3 percentage points. 
 
Moving to individual coefficient differences in Column 1 of Panel C of Table 5, the largest significant 
single factor, income, explains 10.8 percentage point difference in EEA adoption in Germany and the 
U.S., which is more than the overall difference of 4.9 percentage points. Furthermore, large but non-
significant variable coefficient estimates such as for the number of cars (12.9 percentage points), NEP 
(6.9 percentage points), the perceived importance of combating poverty (9.0 percentage points), the 
perceived financial benefits of saving energy at home (9.4 percentage points) could each individually 
explain the overall observed difference of energy-efficient purchases in Germany and the U.S. The 
German regression model estimates larger positive coefficients for these variables (Table 3) and, 
therefore, positive decomposition coefficient terms arise. Another significant variable that actually 
widens the gap between the observed difference of U.S. and Germany is the number of miles driven 
by the household each year, increasing the gap by 9.1 percentage points due to a larger (positive) 
U.S. coefficient (Table 6). Using the benchmark U.S. variable means, the overall differences in 
parameter estimates single-handedly provide an explanation for the observed difference of the U.S. 
and German tendency to purchase energy-efficient appliances. The difference of the constants in the 
linear probability models for purchase of energy-efficient appliances of Germany and the U.S. is -
0.113, drastically increasing the gap of the observed difference. 
 
Variable specific contributions to the interaction component of the decomposition are presented in 
Column 1 of Panel A of Table A.4. Individual variables show both positive and negative contributions 
to the observed gap. The largest single factor of the interaction terms, income, individually increases 
the gap by 4.0 percentage points, roughly the size of the residual after accounting for endowment and 
coefficient differences.  
 
7. 1. 2. Saving Energy at Home 
 
Results for taking actions to conserve energy at home are reported in Column 3 of Panel A of Table 5, 
Germany shows a higher tendency to save energy at home than the U.S., with an overall observed 
difference of 4.2 percentage points. In this decomposition, endowment differences again explain little 
of the observed difference (0.6 percentage points)

177
. Similarly, coefficient differences actually work to 

increase the gap by 1.3 percentage points, rather than explain it. Most notable, the aggregate 
interaction term actually explains all of the total observed difference between the U.S. and Germany. 
 
For endowment differences in Column 3 of Panel B, the single largest contributing factor is NEP, 
which explains a difference of 1.6 percentage points. The benchmark U.S. model has a positive 
coefficient for NEP (Table 3) and, therefore, a greater German NEP mean (Table 1) results in a 
significantly positive endowment term contribution. The NEP mean difference contribution, however, is 
negated by the mean differences in the perceived financial advantages of buying a fuel-efficient 
vehicle that increases the gap by 1.2 percentage points. Again, the benchmark U.S. model has a 
positive coefficient for this variable (Table 3). But in this instance, the U.S. reports a greater variable 
mean (Table 1), which leads to a negative contribution to the endowment term. 
 
In Panel C of Table 5, coefficient term differences are shown to ultimately have a contradictory, 
negative impact on the overall observed difference in the use of energy saving practices at home. 
Contributing to increases rather than explanations of the gap are income (10.1 percentage points), the 
belief that human activities are the cause of climate change (6.1 percentage points), the perceived 
financial benefits of purchasing a fuel-efficient car (9.1 percentage points) and the perceived 
effectiveness of renewable energy (5.7 percentage points). Using the benchmark U.S. mean 
responses, it is clear that higher U.S. model coefficients for these variables (Table 3) generate 
contradictory coefficient term contributions to observed higher rates of energy conservation actions in 
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the home in Germany. The two coefficient terms contributions are the miles driven and the perceived 
effectiveness of purchasing a fuel-efficient car, both individually explaining 5.9 percentage points of 
the total observed difference. The difference of the constants in the linear probability models for saving 
energy at home of Germany and the U.S. is -0.098, drastically increasing the gap of the observed 
difference. 
 
As evidenced in Column 3 of Panel A of Table A.4, the residual interaction term explains most of the 
difference between U.S. and German tendencies to save energy at home. The largest single variable, 
income, explains 3.8 percentage points of the observed contribution of the interaction term due to both 
higher income levels and higher incomes in the U.S.  
 
7. 1. 3. Buying Fuel-Efficient Cars 
 
As shown in column 5 of Panel A of Table 5, German respondents report a higher tendency to 
purchase fuel-efficient cars than U.S. respondents with an overall observed difference of 3.6 
percentage points. In this particular decomposition, endowment differences actually increase the 
observed difference by 2.1 percentage points, rather than explain it, while coefficient differences 
contribute a difference of 7.3 percentage points, more than the overall observed difference.  
 
Column 5 in Panel B shows that endowment differences generate a contradictory, negative 
contribution to an observed difference in German and U.S. tendencies to purchase fuel-efficient 
vehicles. Although not statistically significant, many variable mean differences contribute to the overall 
endowment difference. The two largest such factors, education and income, increase the overall 
observed difference between the U.S. and Germany by 1.5 and 1.4 percentage points, respectively. 
Using the positive U.S. coefficients as benchmarks (Table 4), higher U.S. variable means for 
education and income (Table 1) leads to this contradictory contribution. These two contradictory 
endowment differences are partially offset by two statistically significant variables mean difference 
contributions, living together with a partner and the belief that climate change is already occurring, 
which explain 1.1 and 1.2 percentage points of the observed difference in fuel-efficient car purchase in 
Germany and the U.S., respectively.  
 
Moving to Column 5 of Panel C of Table 5, it is clear that coefficient differences completely explain the 
overall observed difference in fuel-efficient cars in the U.S. and Germany. In fact, coefficient difference 
actually explains more than the observed difference in aggregate. Individual parameter estimates vary 
tremendously in both magnitude and direction. The four coefficient differences with the largest 
contributions are household size (12.5 percentage points), income (8.6 percentage points), NEP (8.7 
percentage points) and the perceived financial advantages of purchasing energy-efficient appliances 
(10.8 percentage points. For each of these variables, the German model estimates a much larger 
coefficient than the U.S. model (Table 8) and, therefore, positive coefficient differences arise. 
Conversely, significant coefficient estimate differences that work to increase the gap also exist, such 
as the belief that human activities are the cause of climate change (12.2 percentage points) and the 
perceived effectiveness of renewable energy (10.9 percentage points). In both cases, the U.S. model 
yields higher coefficient estimates (Table 4) and, therefore, contradictory, negative coefficient 
contributions arise. The difference of the constants in the linear probability models for purchase of 
energy-efficient appliances of Germany and the U.S. is -0.088, drastically increasing the gap of the 
observed difference. 
 
7. 2. United States and China Decomposition 
 
Table 6 presents the decomposition results in the observed tendencies to purchase energy-efficient 
appliances, conserve energy at home and purchase fuel-efficient automobiles in the United States and 
China.  
 
7. 2. 1. Buying Energy- Efficient Appliances 
 
As shown in Column 1 of Panel A of Table 6, Chinese respondents show a higher tendency to 
purchase energy-efficient appliances than U.S. respondents, with an overall observed difference of 
13.1 percentage points. The difference is broken into three explanatory factors: endowments, 
coefficients and interaction terms. In this particular decomposition, endowment differences explain a 
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difference of 3.2 percentage points
178

. Coefficient differences increase the observed difference by 2.8 
percentage points, rather than explain the difference. In this case, the interaction term (Table A.4 
Panel B) explains nearly the entire difference, accounting for 12.7 percentage points of the overall 
difference. 
 
Column 1 of Panel B of Table 6 shows that endowment differences explain little of the overall 
observed difference in U.S. and Chinese tendencies to purchase energy-efficient appliances. The 
three largest, significant factors, living together with a partner, homeownership and the perceived 
effectiveness in saving energy at home, explain the overall observed difference by 3.2, 1.9 and 2.5 
percentage points, respectively. Higher Chinese variable means for each of these variables (Table 1) 
increases the likelihood of purchasing energy-efficient appliances, which leads to this explanatory 
impact. These three endowment differences are largely offset by statistically significant contradictory 
contributions of income and miles driven, which act to increase the gap by 2.4 and 0.8 percentage 
points, respectively.  
 
The largest contributions of coefficient differences (Column 1 of Panel C) are income (16.8 percentage 
points), living together with a partner (8.9 percentage points), feeling hopeless about climate change 
(3.5 percentage points) and the belief that human activities are the cause of climate change (5.0 
percentage points), which each increase the gap. The U.S. regression model estimates larger 
coefficients for these variables (Table 3) and, therefore, negative decomposition coefficient terms 
arise.  Although not significant, the two largest explanatory coefficient differences, the perceived 
importance of combating climate change and the perceived effectiveness of buying a fuel-efficient car, 
each individually explain 7.6 and 9.0 of the observed difference, respectively. The Chinese regression 
model reported higher coefficients for these two variables than the U.S. model (Table 6). The 
difference of the constants in the linear probability models for purchase of energy-efficient appliances 
of China and the U.S. is 0.272, explaining a large portion of the observed difference. 
 
In terms of interaction terms (Table A.4, Column 1, Panel B), income, explains 10.0 percentage points 
of the observed difference. 
 
7. 2. 2. Saving Energy at Home 
 
Chinese respondent also report a higher tendency to save energy at home than U.S. respondents with 
an overall observed difference of 5.4 percentage points (Column 3 of Panel A of Table 6). In this 
decomposition, endowment differences explain 2.3 percentage points of the observed difference

179
. 

Coefficient differences actually work to increase the observed difference by 0.7 percentage points, 
rather than explain it. The interaction differences explain 3.7 percentage points of the overall 
difference. 
 
Column 3 of Panel B of Table 6 shows the two largest explanatory factors, NEP and the perceived 
effectiveness of buying energy-efficient appliances, explain 0.09 and 1.9 percentage points of the 
observed difference, respectively. Higher Chinese variable means for both of these variables (Table 3) 
increase the likelihood of conserving energy at home and, thereby, create this explanatory impact.  
 
In column 3 Panel C of Table 6, the coefficient differences ultimately show a minor contradictory effect 
on the overall observed difference. The only statistically significant contradictory coefficient term 
difference, the belief that human activities are the cause of climate change contributes to an increase 
in the gap of 5.0 percentage points. Other impactful, non-significant variables also increase this gap 
such as education, income, homeownership and the perceived importance of combating poverty. The 
household’s number of cars, NEP and the perceived financial advantages of renewable energy each 
explain 13.3, 8.1 and 7.3 percentage points of the observed difference. The difference of the constants 
in the linear probability models for purchase of saving energy at home of China and the U.S. is -0.053, 
drastically increasing the gap of the observed difference. 
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The interaction terms (Table A.4, Column 3, Panel B) explain 3.7 percentage points of the difference. 
In fact, the interaction terms (NEP and the perceived financial advantages of renewable energy) 
explain nearly the entire observed difference in aggregate.  
 
7. 2. 3. Buying Fuel-Efficient Cars 
 
China reports a higher tendency to buy fuel-efficient cars than the U.S., with an overall observed 
difference of 16.8 percentage points (Column 5 of Panel A of Table 6). In this decomposition, 
endowment differences contribute a difference of 3.0 percentage points to the observed difference. 
Similarly, coefficient differences explain 2.0 percentage points and interaction differences explain 11.7 
of the overall difference. 
 
The two largest explanatory endowment differences, living together with a partner and feeling 
responsible for climate change, explain 3.6 and 4.2 percentage points to the observed difference, 
respectively (Column 5 of Panel B of Table 6). Higher Chinese variable means for these variables 
(Table 3) increase the estimated likelihood of Chinese households purchasing fuel-efficient cars and, 
thereby, create this explanatory impact.  
 
Overall, coefficient differences explain little of the difference in the U.S. and Chinese tendency to 
purchase fuel-efficient vehicles. The two significant coefficient differences (income and the belief that 
human activities are the cause of climate change), however, act to increase the gap between the two 
countries. The U.S. regression model employs much larger coefficients (Table 4) for each of these 
variables (Column 5 of Panel C of Table 6). These contradictory coefficient terms are overcome by 
multiple non-significant, yet impactful coefficient differences. Due to larger coefficients in the Chinese 
regression model (Table 4), the coefficient differences for household size and the perceived 
importance of combating poverty explain 15.3 and 10.1 percentage points of the observed difference. 
The difference of the constants in the linear probability models for purchase of energy-efficient 
automobiles of China and the U.S. is 0.349, explaining a large portion of the observed difference. 
 
The interaction terms (Table A.4, Column 5, Panel B) again have a large impact on the overall 
observed difference, explaining 11.7 percentage points of the difference. The two largest single 
variables, household size and income, explain 6.7 and 8.3 percentage points of the observed 
difference, respectively. 
 
7. 3. Germany and China Decomposition 
 
Table 7 presents the decomposition results for the purchase of energy-efficient appliances, 
conservation of energy at home and for the purchase of fuel-efficient automobiles in Germany and 
China.  
 
7. 3. 1. Buying Energy- Efficient Appliances 
 
Chinese respondents show a higher tendency to buy energy-efficient appliances than Germany, with 
an overall observed difference of 8.2 percentage points (Column 1 Panel A of Table 7). In this 
decomposition, endowment differences actually increase the observe difference by 7.8 percentage 
points, rather than explain it

180
. Similarly, coefficient differences further increase the observed 

difference by 1.9 percentage points. The interaction terms explain 17.9 percentage points of the 
overall difference, an amount greater than the observed difference in energy efficient appliance 
purchases in the two countries.  
 
As evidenced in Column 1 of Panel B of Table 7, endowment differences tend to increase rather than 
explain the observed difference in German and Chinese tendencies to purchase energy-efficient 
appliances. The three most significant variable differences contributing to this increase in the gap are 
income, number of cars, and perceived financial advantages of saving energy at home. These 
variables increase the overall gap by 3.3, 3.2 and 2.0 percentage points, respectively. Lower Chinese 
variable means (Table 3) decreases the likelihood that Chinese households will purchase energy-
efficient appliances and, therefore, tend to increase rather than explain the observed gap. These three 
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contradictory endowment differences are partially offset by two statistically significant variable 
differences; feeling responsible for climate change and the perceived effectiveness of saving energy at 
home that explain 2.5 and 2.2 percentage points of the observed difference, respectively.  
 
(Column 1 of Panel C) Coefficient differences also increase the observed difference in German and 
Chinese purchase of energy-efficient appliances. The three most significant variables that lead to this 
increase are income, living together with a partner and the perceived financial advantages of saving 
energy at home increase the overall gap by 17.3, 9.3 and 18.8 percentage points, respectively. Larger 
coefficients for these variables in the German regression model (Table 6) increase the likelihood that 
German households purchase energy-efficient appliances rather than explain the lower rates seen in 
Germany. These coefficient differences outweigh differences such as the number of miles driven, 
which explain 7.3 percentage points of the observed energy-efficient appliance gap. The difference of 
the constants in the linear probability models for purchase of energy-efficient appliances of Germany 
and China is 0.385, explaining a large portion of the observed difference. 
 
Interaction differences (Column 1 of Panel B of Table A.4) provide an explanation far greater than the 
observed difference of German and Chinese purchasing of energy-efficient appliances. Because both 
the endowment and coefficient differences increase the gap of the observed difference, this large 
difference is expected. Income again plays a large role in the interaction term and explains 6.2 
percentage points of the observed difference. 
 
7. 3. 2. Saving Energy at Home 
 
China reports a higher tendency to save energy at home than Germany with an overall observed 
difference of 1.2 percentage points (Column 3 of Panel A of Table 6). In this decomposition, 
endowment differences explain 8.0 percentage points of the observed difference

181
. Coefficient 

differences explain 0.03 percentage points. The interaction terms actually work to increase the 
observed difference by 7.1 percentage points, rather than explain the observed gap. 
 
As evidenced in Column 3 of Panel B of Table 6, endowment differences account for more than the 
observed difference. The three largest, explanatory factors, income, feeling responsible for climate 
change and the perceived effectiveness of buying energy-efficient appliances, explain 1.8, 2.0 and 2.2 
percentage points of the observed difference between Germany and China, respectively. Because the 
German regression model has a negative coefficient for income (Table 3), a lower Chinese national 
income (Table 1) increases the likelihood of Chinese households conserving energy at home, which 
leads to an explanatory endowment difference. Greater Chinese national averages (Table 1) for 
feeling responsible for climate change and the perceived effectiveness of buying energy-efficient 
appliances also contribute to high observed propensities for Chinese households to save energy at 
home. The coefficient difference for NEP, conversely, works to increase the gap by 1.2 percentage 
points.  
 
(Column 3 of Panel C of Table 6) Coefficient differences offer a little explanation of the difference 
between Chinese and German tendencies to use conservation measures to save energy at home. 
Although the coefficient difference is small in aggregate, individual variables with large influences are 
found. The largest significant, coefficient difference, the perceived financial advantages of renewable 
energy, explains 4.1 percentage points of the observed difference. Two coefficient differences that 
tend to increase, rather than explain the gap are education and feeling responsible for climate change. 
The difference of the constants in the linear probability models for purchase of saving energy at home 
of Germany and China is 0.045, offering a little explanation of the observed difference. 
 
Significant interaction differences also exist, which increase rather than explain the gap of the 
observed difference by 7.1 percentage points (Column 3 of Panel C of Table A.4). This large 
interaction difference is expected due to the large endowment difference and variable coefficient 
differences contribute to the observed gap.  
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7. 3. 3. Buying Fuel-Efficient Cars 
 
China reports a higher tendency to buy fuel-efficient cars than the U.S. with an overall observed 
difference of 13.2 percentage points (Column 5 of Panel A of Table 7). In this decomposition, 
endowment differences explain 2.7 percentage points of the observed difference, while coefficient 
differences explain 0.6 percentage points and interaction differences explain 9.8 percentage points of 
the overall difference. 
 
Feeling responsible for climate change and the perceived effectiveness of buying energy-efficient 
appliances, explain 5.2 and 2.6 percentage points of the observed difference, respectively (Column 5 
of Panel B of Table 7). Higher Chinese variable means for these variables (Table 1) leads one to 
expect a higher tendency of Chinese households to buy fuel-efficient cars. The only significant 
contradictory variable mean difference, income tends to increase the gap in the observed difference by 
2.6 percentage points. Lower Chinese average income (Table 1) decreases the tendency of Chinese 
households to purchase a fuel-efficient vehicle, leading to this contradictory endowment difference. 
 
Coefficient differences offer little explanation of the overall difference between the German and 
Chinese tendency to purchase fuel-efficient vehicles (Column 5 of Panel C of Table 7). The two most 
important coefficients, membership in an environmental organization and the perceived effectiveness 
of renewable energy, each explain 2.3 and 14.1 percentage points of the observed difference, 
respectively. The larger variable coefficients in the Chinese model than the German model increases 
the likelihood of a Chinese household purchasing a fuel-efficient automobile, relative to a German 
household. Conversely, two significant contradictory variables, income and NEP tends to increase the 
gap of the observed difference by 14.1 and 18.3, respectively due to greater coefficient estimates in 
the German model. The difference of the constants in the linear probability models for purchase of 
energy-efficient automobiles of Germany and China is 0.437, explaining a large portion of the 
observed difference. 
 
Interaction terms are very important in explaining the observed difference in energy-efficient 
automobile purchases in the two countries (Column 3 of Panel C of Table 7). All four significant 
variables, income (4.8 percentage points), NEP (1.7 percentage points), membership in an 
environmental organization (2.0 percentage points) and the perceived effectiveness of renewable 
energy (3.6 percentage points) help explain the overall difference. 
 

8. Discussion and Conclusion 

 
Future climate agreements will require an understanding of the factors that underlie country energy 
use behavior disparities. With that understanding, legislators can craft multilateral agreements that 
pursue common CO2 reduction goals while allowing for country behavioral differences. Using a 
Oaxaca-Blinder Decomposition, this paper empirically decomposes differences in energy conservation 
behavior in the three largest energy economies in the world: China, the EU (represented by Germany, 
the EU’s largest energy consumer), and the U.S. 
 
Significant heterogeneity exists regarding the determinants of residential energy use behavior 
between the three countries. Energy conservation behaviors within the countries also differ greatly. 
Household characteristics are much less influential to all energy conservation behavior in the Chinese 
regression models versus the German and U.S models. Household environmental attitudes have 
varied level of influence across the regression models of the three countries, depending on the form of 
energy conservation behavior. Environmental attitudes are less influential to buying energy-efficient 
appliances in the Chinese regression model than the models of Germany and the U.S., equally 
influential in each regression model for conserving energy at home, and less influential in the German 
model than the Chinese and U.S. models for purchasing a fuel-efficient automobile. Household 
perceptions of energy conservation behavior are very important in all three models. 
 
Decomposition results suggest that the endowments and coefficients that underlie country differences 
also vary. Generally, variable mean differences (i.e. endowment differences) are a major contributor to 
observed differences in energy use behavior in Chinese households relative to U.S. and German 
households. Chinese households report higher national averages for the majority of variables that are 
found to be positively associated with energy-efficient behavior. In the decomposition between China 
and Germany, significant components of the endowment differences vary depending on the specific 
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energy conservation behavior. With regard to saving energy at home, household characteristics 
explain the largest portion of the overall endowment difference, followed by the perceptions of energy 
conservation behavior. With respect to buying fuel-efficient vehicles, household characteristics and 
environmental attitudes endowment differences explain the entire endowment difference. In the 
decomposition between the China and the U.S., this difference is primarily the result of fundamental 
differences in the environmental attitudes and perceptions of energy conservation behavior 
components of Chinese and U.S. households across all observed energy conservation behaviors. 
However, many endowment differences in household characteristics actually work to increase the 
observed difference in the dependent variables, rather than explain gaps. Overall, the analysis 
suggests that households in China have large endowment differences and, therefore, require different 
legislative priorities than European and Western countries. For example, it appears that income levels 
are highly associated with energy behavior, implying that policy focusing on the association between 
income and energy reduction will be impactful. 
 
Conversely, variable coefficient differences have the greatest influence on the observed energy use 
behavior differences in German and U.S. households. Germany and the U.S. have more similar 
characteristic propensities with regard to energy use determinants. Propensity differences are 
primarily result of differences in variable coefficients for household characteristics and environmental 
attitudes. Coefficient differences in household perceptions of energy conservation behavior help 
explain a portion of the difference energy-efficient appliance adoption, but actually increase the gap of 
the observed difference with regard to conserving energy at home and purchasing a fuel-efficient 
vehicle.  
 
This analysis suggests that there is considerable room to increase environmental awareness and the 
benefits of energy conservation. But also, particularly for the U.S., there is considerable room to 
increase the conversion from awareness to concrete action to increase energy conservation. The 
relatively larger and universal importance of the perceptions of the benefits of energy conservation 
actions implies that national campaigns to increase the awareness of the financial advantages and 
effectiveness of energy conservation behavior. Future research will involve the decompositions of 
countries exhibiting extreme levels of the researched variables with extreme levels of GHG emissions. 
For example, Indonesia has low levels of income, yet high levels of energy-use.  
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9. Tables:  

 
Table 1 
Descriptive Statistics 

  China Germany USA 

 Mean Std. Dev. Mean Std. Dev. Mean Std. Dev. 

Dependent Variables:       

BuyEEA 0.834  0.746  0.641  

SaveAtHome 0.871  0.861  0.769  

BuyEffCar 0.479  0.403  0.347  

       

Household Characteristics:      

HouseholdSize 3.664 1.205 2.387 1.236 2.493 1.412 

HighEdu 0.736  0.503  0.686  

Income 1301.89 1209.69 2250.56 1501.49 3532.40 3270.63 

LiveTogether 0.826  0.630  0.555  

NumOfChildrenHH 0.680 0.628 0.404 0.803 0.475 0.917 

Female 0.497  0.510  0.522  

NumOfCars 0.766 0.596 1.260 0.752 1.534 0.905 

MilesDriven 9039.6 11762.9 10040.2 8692.0 12433.4 19251.3 

HomeOwner 0.838  0.505  0.653  

       

Household Environmental Attitudes:    

NEP 3.568 1.384 4.017 1.776 2.987 1.851 

EnvOrg 0.165  0.106  0.140  

FeelWorried 0.804  0.572  0.400  

FeelResponsible 0.800  0.597  0.393  

FeelHopeless 0.270  0.266  0.244  

WellInformed 0.352  0.213  0.243  

HumanCause 0.544  0.566  0.485  

AlreadyOccurs 0.878  0.779  0.699  

ImpClimateChange 0.938  0.832  0.628  

ImpPoverty 0.842  0.872  0.770  

       

Household Perceptions of Energy Conservation Behavior:  

FinBuyEEA 0.680  0.609  0.730  

FinSaveAtHome 0.703  0.792  0.745  

FinBuyEffCar 0.694  0.595  0.652  

FinRenewableEnergy 0.617  0.314  0.489  

EffBuyEEA 0.779  0.594  0.623  

EffSaveAtHome 0.761  0.588  0.605  

EffBuyEffCar 0.820  0.637  0.615  

EffRenewableEnergy 0.822  0.660  0.593  

       

No. Of Observations 1426  994  985  
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Table 2 
Buying Energy-Efficient Appliance Regression Results 

Country: China Germany U.S. 

 Coeff.  Std. Dev. Coeff.  Std. Dev. Coeff.  Std. Dev. 

Household Characteristics:         

HouseholdSize -0.008  0.013 -0.035  0.033 -0.046  0.032 

HighEdu -0.048  0.035 0.017  0.040 -0.016  0.047 

Income (Thousands) -0.032 * 0.015 0.037 ** 0.013 0.010  0.006 

LiveTogether -0.045  0.045 0.092  0.050 0.106 * 0.050 

NumOfChildrenHH 0.051  0.029 0.037  0.038 0.029  0.037 

Female -0.016  0.029 0.034  0.041 0.025  0.044 

NumOfCars 0.011  0.050 0.094 * 0.039 0.019  0.034 

MilesDriven (Thousands) 0.002 * 0.001 -0.005 * 0.002 0.002 ** 0.001 

HomeOwner 0.049  0.068 0.014  0.045 0.093  0.055 

          

Household Environmental Attitudes:       

NEP 0.007  0.012 0.019  0.013 -0.002  0.013 

EnvOrg 0.035  0.036 0.128  0.067 0.018  0.059 

FeelWorried 0.064  0.052 -0.043  0.054 0.006  0.059 

FeelResponsible -0.019  0.043 0.098 * 0.047 0.078  0.053 

FeelHopeless -0.078 * 0.037 0.009  0.056 0.048  0.052 

WellInformed -0.024  0.032 -0.048  0.057 0.069  0.047 

HumanCause -0.006  0.035 0.015  0.053 0.091 * 0.046 

AlreadyOccurs 0.003  0.064 -0.020  0.066 -0.006  0.061 

ImpClimateChange 0.140 * 0.119 -0.028  0.078 0.026  0.069 

ImpPoverty -0.019  0.059 0.138  0.080 0.027  0.071 

 
Household Perceptions of Energy Conservation 
Behavior: 

     

FinSaveAtHome -0.001  0.044 0.239 ** 0.059 0.115 * 0.064 

FinBuyEffCar 0.046  0.045 0.012  0.042 0.042  0.059 

FinRenewableEnergy 0.060 * 0.037 -0.043  0.044 -0.024  0.049 

EffSaveAtHome 0.130 ** 0.045 0.140 * 0.055 0.143 * 0.067 

EffBuyEffCar 0.056  0.057 -0.057  0.053 -0.088  0.067 

EffRenewableEnergy -0.017  0.055 -0.035  0.047 0.068  0.061 

          

R-Squared Value 0.107 0.207 0.139 

Number of Observations 862 571 547 

Note: * and ** indicate statistically significant differences at the p = 0.05 and p = 0.01 levels, 
respectively. 
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Table 3 
Saving Energy At Home Regression Results 

Country: China Germany USA 

 Coeff.  Std. Dev. Coeff.  Std. Dev. Coeff.  Std. Dev. 

Household Characteristics:         

HouseholdSize -0.008  0.012 0.005  0.030 -0.012  0.030 

HighEdu -0.051  0.028 0.049  0.036 0.027  0.041 

Income (Thousands) -0.009  0.012 -0.020  0.011 0.005  0.005 

LiveTogether 0.037  0.052 0.053  0.045 0.020  0.041 

NumOfChildrenHH 0.021  0.029 -0.007  0.031 -0.007  0.036 

Female -0.011  0.029 0.001  0.035 0.045  0.039 

NumOfCars 0.062 ** 0.031 0.005  0.037 -0.015  0.029 

MilesDriven (Thousands) 0.001  0.001 0.005 * 0.002 0.000  0.001 

HomeOwner -0.034  0.056 0.058  0.039 0.051  0.045 

          

Household Environmental Attitudes:     

NEP 0.045 ** 0.009 0.034 ** 0.012 0.019  0.010 

EnvOrg 0.018  0.033 0.002  0.068 -0.009  0.051 

FeelWorried 0.061  0.056 -0.047  0.047 -0.009  0.047 

FeelResponsible -0.052  0.049 0.078  0.045 0.010  0.038 

FeelHopeless -0.044  0.034 -0.087  0.046 0.005  0.043 

WellInformed -0.026  0.028 -0.012  0.038 -0.041  0.044 

HumanCause 0.004  0.030 -0.017  0.045 0.101 * 0.043 

AlreadyOccurs 0.111  0.074 0.075  0.082 -0.016  0.058 

ImpClimateChange 0.050  0.079 0.032  0.089 -0.022  0.061 

ImpPoverty -0.040  0.039 0.071  0.081 0.068  0.063 

 
Household Perceptions of Energy Conservation Behavior 

   

FinBuyEEA -0.025  0.041 0.017  0.042 -0.004  0.062 

FinBuyEffCar 0.034  0.040 0.001  0.038 0.138 * 0.058 

FinRenewableEnergy 0.098 ** 0.036 -0.029  0.035 -0.043  0.045 

EffBuyEEA 0.077 * 0.042 0.127 ** 0.049 0.119 * 0.068 

EffBuyEffCar 0.070  0.064 0.037  0.046 -0.058  0.059 

EffRenewableEnergy -0.033  0.052 -0.039  0.043 0.053  0.053 

          

R-Squared Value 0.150 0.186 0.134 

Number of Observations 862 570 546 

Note: * and ** indicate statistically significant differences at the p = 0.05 and p = 0.01 levels, 
respectively. 
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Table 4 
Buying Fuel-Efficient Car Regression Results 

Country: China Germany USA 

 Coeff.  Std. Dev. Coeff.  Std. Dev. Coeff.  Std. Dev. 

Household Characteristics:         

HouseholdSize 0.032  0.021 0.021  0.036 -0.027  0.033 

HighEdu -0.042  0.058 0.026  0.052 0.073  0.052 

Income (Thousands) -0.026  0.018 0.031  0.016 0.009  0.008 

LiveTogether 0.023  0.068 -0.003  0.059 0.122 * 0.054 

NumOfChildrenHH 0.024  0.043 0.032  0.043 -0.003  0.038 

Female 0.014  0.045 -0.034  0.054 0.030  0.048 

NumOfCars -0.023  0.073 0.053  0.047 0.020  0.036 

MilesDriven (Thousands) -0.001  0.002 0.002  0.003 0.000  0.001 

HomeOwner 0.001  0.088 0.064  0.056 0.083  0.055 

          

Household Characteristics:       

NEP -0.021  0.018 0.025  0.016 -0.003  0.015 

EnvOrg 0.152 ** 0.053 -0.056  0.092 0.067  0.066 

FeelWorried 0.061  0.078 0.005  0.075 -0.015  0.070 

FeelResponsible 0.046  0.076 0.201 ** 0.060 0.099  0.060 

FeelHopeless 0.043  0.053 0.008  0.067 0.079  0.062 

WellInformed 0.034  0.048 -0.031  0.061 0.029  0.054 

HumanCause -0.042  0.049 -0.068  0.060 0.166 ** 0.053 

AlreadyOccurs -0.028  0.083 -0.054  0.072 -0.088  0.064 

ImpClimateChange -0.191  0.147 -0.063  0.077 -0.062  0.070 

ImpPoverty 0.151 * 0.072 0.080  0.084 0.028  0.075 

 
Household Perceptions of Energy Conservation Behavior: 
FinBuyEEA -0.035  0.059 -0.005  0.062 -0.057  0.065 

FinSaveAtHome 0.045  0.057 0.045  0.073 0.039  0.067 

FinRenewableEnergy -0.022  0.051 -0.075  0.058 0.011  0.055 

EffBuyEEA 0.078  0.068 0.153 * 0.071 -0.017  0.072 

EffSaveAtHome -0.023  0.062 0.015  0.070 0.052  0.075 

EffRenewableEnergy 0.088  0.072 -0.122 * 0.061 0.054  0.068 

          

R-Squared Value 0.056 0.132 0.088 

Number of Observations 867 589 551 

Note: * and ** indicate statistically significant differences at the p = 0.05 and p = 0.01 levels, 
respectively. 
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Table 5: U.S. – Germany Decomposition 

 Buy EEA Save Energy at Home Buy Fuel-Efficient Car 
 Coeff.  St. 

Dev. 
Coeff.  St. Dev. Coeff.  St. 

Dev. 

Panel A: Overall 
Germany 0.777  0.023 0.875  0.020 0.462  0.027 
U.S. 0.728  0.022 0.834  0.019 0.425  0.024 
Difference 0.049  0.032 0.042  0.027 0.036  0.036 
Endowments -0.003  0.028 0.006  0.023 -0.021  0.031 
Characteristics -0.024   -0.014   -0.033   
Attitudes 0.016   0.024   0.000   
Perceptions 0.005   -0.003   0.012   
Coefficients 0.082  0.043 -0.013  0.040 0.073  0.050 
Characteristics 0.142   0.055   0.159   
Attitudes 0.035   0.091   0.028   
Perceptions 0.018   -0.061   -0.026   
Constant -0.113  0.155 -0.098  0.151 -0.088  0.172 
Panel B: Endowments         
Characteristics         
householdSize 0.008  0.007 0.002  0.005 0.005  0.006 
highEdu 0.003  0.009 -0.005  0.008 -0.015  0.011 
income -0.015  0.009 -0.008  0.008 -0.014  0.012 
liveTogether 0.010  0.006 0.002  0.004 0.011 * 0.007 
numOfChildrenHH -0.003  0.004 0.001  0.004 0.000  0.004 
female -0.001  0.001 -0.001  0.002 -0.001  0.001 
numOfCars -0.005  0.010 0.004  0.008 -0.006  0.011 
milesDriven -0.005  0.003 0.000  0.003 -0.001  0.003 
homeOwner -0.016  0.010 -0.009  0.008 -0.013  0.009 
NEP -0.002  0.011 0.016 * 0.009 -0.003  0.013 
Attitudes          
envOrg -0.001  0.004 0.000  0.003 -0.004  0.004 
feelWorried 0.001  0.009 -0.001  0.007 -0.002  0.010 
feelResponsible 0.013  0.009 0.002  0.006 0.017  0.011 
feelHopeless -0.001  0.002 0.000  0.001 -0.002  0.003 
wellInformed -0.005  0.004 0.003  0.003 -0.002  0.004 
humanCause 0.006  0.005 0.007  0.005 0.012 * 0.007 
alreadyOccurs -0.001  0.005 -0.001  0.005 -0.007  0.006 
impClimateChange 0.004  0.011 -0.004  0.010 -0.011  0.012 
impPoverty 0.001  0.003 0.003  0.003 0.001  0.003 
Perceptions          
finBuyEEA N/A  N/A 0.001  0.011 0.009  0.010 
finSaveAtHome 0.003  0.004 N/A  N/A 0.001  0.003 
finBuyEffCar -0.004  0.006 -0.012 * 0.007 N/A  N/A 
finRenewableEnergy 0.005  0.009 0.008  0.009 -0.002  0.010 
effBuyEEA N/A  N/A -0.001  0.004 0.000  0.001 
effSaveAtHome 0.002  0.005 N/A  N/A 0.001  0.002 
effBuyEffCar -0.003  0.004 -0.002  0.003 N/A  N/A 
effRenewableEnergy 0.003  0.004 0.003  0.003 0.003  0.004 
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 Buy EEA Save Energy at Home Buy Fuel-Efficient Car 
 Coeff.  St. 

Dev. 
Coeff.  St. Dev. Coeff.  St. 

Dev. 

Panel C: 
Coefficients 

         

Characteristics          
householdSize 0.029  0.118 0.044  0.110 0.125  0.126 
highEdu 0.024  0.045 0.016  0.039 -0.034  0.054 
income 0.108 * 0.056 -0.101 ** 0.050 0.086  0.072 
liveTogether -0.008  0.042 0.020  0.036 -0.074  0.048 
numOfChildrenHH 0.005  0.029 0.000  0.026 0.019  0.032 
female 0.004  0.028 -0.021  0.024 -0.029  0.033 
numOfCars 0.129  0.089 0.033  0.081 0.057  0.102 
milesDriven -0.091 *** 0.028 0.059 * 0.032 0.023  0.043 
homeowner -0.057  0.052 0.005  0.044 -0.014  0.057 
Attitudes          
NEP 0.069  0.057 0.049  0.049 0.087  0.068 
envOrg 0.018  0.015 0.002  0.014 -0.020  0.019 
feelWorried -0.021  0.034 -0.016  0.029 0.009  0.044 
feelResponsible 0.009  0.032 0.030  0.027 0.045  0.038 
feelHopeless -0.011  0.021 -0.025  0.018 -0.020  0.025 
wellInformed -0.035  0.022 0.009  0.017 -0.018  0.024 
humanCause -0.039  0.036 -0.061 * 0.032 -0.122 *** 0.042 
alreadyOccurs -0.010  0.065 0.067  0.073 0.024  0.070 
impClimateChange -0.036  0.069 0.036  0.072 -0.001  0.069 
impPoverty 0.090  0.087 0.003  0.084 0.043  0.092 
Perceptions          
finBuyEEA N/A  N/A 0.016  0.057 0.039  0.067 
finSaveAtHome 0.094  0.066 N/A  N/A 0.004  0.075 
finBuyEffCar -0.020  0.049 -0.091 ** 0.046 N/A  N/A 
finRenewableEnergy -0.010  0.034 0.008 ** 0.030 -0.044  0.041 
effBuyEEA N/A  N/A 0.005 * 0.053 0.108 * 0.064 
effSaveAtHome -0.002  0.054 N/A  N/A -0.023  0.064 
effBuyEffCar 0.020  0.054 0.059 ** 0.047 N/A  N/A 
effRenewableEnergy -0.063  0.048 -0.057 ** 0.042 -0.109 * 0.057 
 
_cons -0.113 

 
0.155 -0.098 

 
0.151 -0.088 

 
0.172 

Note: *, ** and *** indicate statistically significant differences at the p = 0.10, p = 0.05 and p = 0.01 
levels, respectively. 
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Table 6: U.S. – China Decomposition 

 Buy EEA Save Energy at Home Buy Fuel-Efficient Car 
 Coeff.  St. 

Dev. 
Coeff.  St. Dev. Coeff.  St. 

Dev. 

Panel A: Overall 
China 0.859  0.016 0.887  0.015 0.593  0.023 
U.S. 0.728  0.022 0.834  0.019 0.425  0.024 
Difference 0.131  0.027 0.054  0.024 0.168  0.033 
Endowments 0.032  0.057 0.023  0.048 0.030  0.061 
Characteristics -0.040   0.000   -0.005   
Attitudes 0.058   0.001   0.015   
Perceptions 0.013   0.022   0.021   
Coefficients -0.028  0.072 -0.007  0.059 0.020  0.098 
Characteristics -0.235   -0.022   -0.274   
Attitudes -0.053   0.081   -0.092   
Perceptions -0.013   -0.012   0.037   
Constant 0.272  0.209 -0.053  0.169 0.349  0.252 
Panel B: Endowments         
Characteristics         
householdSize -0.054  0.037 -0.014  0.034 -0.031  0.037 
highEdu -0.002  0.005 0.003  0.004 0.008  0.006 
income -0.024 * 0.014 -0.013  0.013 -0.022  0.018 
liveTogether 0.032 ** 0.015 0.006  0.012 0.036 ** 0.017 
numOfChildrenHH 0.007  0.009 -0.002  0.009 -0.001  0.009 
female 0.000  0.001 0.001  0.002 0.000  0.001 
numOfCars -0.012  0.021 0.009  0.018 -0.012  0.023 
milesDriven -0.008 ** 0.004 -0.001  0.005 -0.001  0.004 
homeOwner 0.019 * 0.012 0.011  0.010 0.018  0.012 
Attitudes          
NEP -0.001  0.006 0.009 * 0.005 -0.001  0.007 
envOrg 0.001  0.002 0.000  0.002 0.003  0.003 
feelWorried 0.003  0.025 -0.004  0.020 -0.006  0.030 
feelResponsible 0.033  0.023 0.004  0.016 0.042 * 0.026 
feelHopeless 0.001  0.002 0.000  0.000 0.001  0.003 
wellInformed 0.011  0.008 -0.007  0.007 0.005  0.009 
humanCause 0.002  0.003 0.002  0.003 0.003  0.006 
alreadyOccurs -0.001  0.011 -0.003  0.010 -0.015  0.011 
impClimateChange 0.008  0.021 -0.007  0.018 -0.019  0.021 
impPoverty 0.002  0.006 0.006  0.006 0.002  0.006 
Perception          
finBuyEEA N/A  N/A 0.000  0.004 0.003  0.004 
finSaveAtHome -0.007  0.005 N/A  N/A -0.002  0.004 
finBuyEffCar 0.002  0.004 0.008  0.005 N/A  N/A 
finRenewableEnergy -0.003  0.006 -0.005  0.005 0.001  0.007 
effBuyEEA N/A  N/A 0.019 * 0.012 -0.003  0.012 
effSaveAtHome 0.025 ** 0.012 N/A  N/A 0.009  0.013 
effBuyEffCar -0.019  0.015 -0.012  0.013 N/A  N/A 
effRenewableEnergy 0.016  0.014 0.012  0.012 0.012  0.015 
          

    
          

Panel C: 
Coefficients  

 
  

 
  

 
 

Characteristics          
householdSize 0.100  0.089 0.011  0.083 0.153  0.101 
highEdu -0.023  0.043 -0.057  0.036 -0.084  0.057 
income -0.168 ** 0.067 -0.057  0.053 -0.141 * 0.080 
liveTogether -0.089 ** 0.040 0.010  0.039 -0.059  0.052 
numOfChildrenHH 0.012  0.026 0.015  0.026 0.015  0.032 
female -0.019  0.024 -0.026  0.022 -0.007  0.030 
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numOfCars -0.014  0.104 0.133 * 0.073 -0.074  0.140 
milesDriven -0.002  0.015 0.011  0.020 -0.018  0.027 
homeOwner -0.032  0.064 -0.062  0.053 -0.060  0.076 
Attitudes          
NEP 0.030  0.056 0.081 * 0.043 -0.057  0.073 
envOrg 0.003  0.012 0.004  0.010 0.014  0.014 
feelWorried 0.025  0.034 0.030  0.032 0.033  0.045 
feelResponsible -0.043  0.031 -0.028  0.028 -0.024  0.043 
feelHopeless -0.035 * 0.018 -0.014  0.015 -0.010  0.023 
wellInformed -0.028  0.017 0.004  0.015 0.002  0.021 
humanCause -0.050 * 0.030 -0.050 * 0.027 -0.108 *** 0.038 
alreadyOccurs 0.007  0.064 0.092  0.069 0.044  0.077 
impClimateChange 0.076  0.092 0.048  0.067 -0.086  0.108 
impPoverty -0.037  0.075 -0.087  0.060 0.101  0.085 
Perceptions          
finBuyEEA N/A  N/A -0.016  0.056 0.016  0.065 
finSaveAtHome -0.089  0.059 N/A  N/A 0.004  0.067 
finBuyEffCar 0.002  0.050 -0.070  0.047 N/A  N/A 
finRenewableEnergy 0.044  0.032 0.073 ** 0.030 -0.017  0.039 
effBuyEEA N/A  N/A -0.027  0.051 0.060  0.063 
effSaveAtHome -0.008  0.050 N/A  N/A -0.047  0.061 
effBuyEffCar 0.090  0.055 0.080  0.055 N/A  N/A 
effRenewableEnergy -0.052  0.051 -0.053  0.046 0.021  0.061 
 
_cons 0.272 

 
0.209 -0.053 

 
0.169 0.349 

 
0.252 

Note: *, ** and *** indicate statistically significant differences at the p = 0.10, p = 0.05 and p = 0.01 
levels, respectively. 
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Table 7: Germany – China Decomposition 

 Buy EEA Save Energy at Home Buy Fuel-Efficient Car 
 Coeff.  St. 

Dev. 
Coeff.  St. Dev. Coeff.  St. 

Dev. 

Panel A: Overall 
China 0.859  0.016 0.887  0.015 0.593  0.023 
U.S. 0.777  0.023 0.875  0.020 0.462  0.027 
Difference 0.082  0.028 0.012  0.025 0.132  0.035 
Endowments -0.078  0.055 0.080  0.045 0.027  0.062 
Characteristics -0.060   0.062   0.023   
Attitudes 0.008   0.003   0.024   
Perceptions -0.026   0.015   -0.020   
Coefficients -0.019  0.054 0.003  0.043 0.006  0.074 
Characteristics -0.277   -0.067   -0.291   
Attitudes -0.072   -0.006   -0.209   
Perceptions -0.055   0.031   0.069   
Constant 0.385  0.217 0.045  0.186 0.437  0.267 
Panel B: Endowments        
Characteristics        
householdSize -0.047  0.044 0.007  0.040 0.028  0.047 
highEdu 0.005  0.012 0.015  0.011 0.008  0.016 
income -0.033 *** 0.012 0.018 * 0.010 -0.026 * 0.014 
liveTogether 0.020 * 0.011 0.011  0.009 -0.001  0.012 
numOfChildrenHH 0.013  0.014 -0.003  0.011 0.011  0.015 
female 0.001  0.002 0.000  0.001 -0.001  0.002 
numOfCars -0.032 ** 0.014 -0.002  0.013 -0.018  0.016 
milesDriven 0.007 * 0.004 -0.006  0.004 -0.002  0.004 
homeOwner 0.006  0.017 0.022  0.015 0.024  0.021 
Attitudes          
NEP -0.007  0.005 -0.012 ** 0.006 -0.009  0.007 
envOrg 0.013 * 0.008 0.000  0.007 -0.005  0.009 
feelWorried -0.012  0.015 -0.013  0.013 0.002  0.021 
feelResponsible 0.025 ** 0.012 0.020 * 0.012 0.052 *** 0.017 
feelHopeless 0.000  0.002 -0.004  0.003 0.000  0.003 
wellInformed -0.011  0.013 -0.003  0.009 -0.007  0.014 
humanCause -0.001  0.002 0.001  0.002 0.004  0.004 
alreadyOccurs -0.002  0.006 0.007  0.008 -0.005  0.007 
impClimateChange -0.004  0.011 0.004  0.012 -0.008  0.010 
impPoverty 0.006  0.005 0.003  0.004 0.003  0.004 
Perceptions          
finBuyEEA N/A  N/A 0.002  0.005 -0.001  0.006 
finSaveAtHome -0.020 ** 0.009 N/A  N/A -0.004  0.007 
finBuyEffCar 0.002  0.006 0.000  0.005 N/A  N/A 
finRenewableEnergy -0.013  0.014 -0.009  0.011 -0.023  0.018 
effBuyEEA N/A  N/A 0.022 ** 0.009 0.026 ** 0.013 
effSaveAtHome 0.022 ** 0.010 N/A  N/A 0.002  0.011 
effBuyEffCar -0.010  0.010 0.007  0.009 N/A  N/A 
effRenewableEnergy -0.006  0.009 -0.007  0.008 -0.021  0.011 
          

 Buy EEA Save Energy at Home Buy Fuel-Efficient Car 
 Coeff.  St. 

Dev. 
Coeff.  St. Dev. Coeff.  St. 

Dev. 

Panel C: 
Coefficients  

 
  

 
  

 
 

Characteristics          
householdSize 0.066  0.086 -0.031  0.079 0.026  0.101 
highEdu -0.034  0.028 -0.053 ** 0.024 -0.035  0.041 
income -0.173 *** 0.051 0.027  0.042 -0.141 ** 0.061 
liveTogether -0.093 ** 0.046 -0.011  0.047 0.017  0.062 
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numOfChildrenHH 0.006  0.021 0.013  0.019 -0.003  0.027 
female -0.022  0.022 -0.005  0.020 0.021  0.031 
numOfCars -0.119  0.091 0.083  0.069 -0.109  0.124 
milesDriven 0.073 *** 0.023 -0.039  0.024 -0.032  0.037 
homeOwner 0.019  0.045 -0.051  0.038 -0.036  0.059 
Attitudes          
NEP -0.049  0.071 0.042  0.060 -0.183 ** 0.097 
envOrg -0.010  0.008 0.002  0.008 0.023 ** 0.012 
feelWorried 0.063  0.043 0.063  0.043 0.032  0.062 
feelResponsible -0.073 * 0.039 -0.081 * 0.041 -0.095  0.060 
feelHopeless -0.021  0.016 0.010  0.014 0.009  0.021 
wellInformed 0.006  0.015 -0.003  0.011 0.015  0.018 
humanCause -0.012  0.037 0.012  0.032 0.016  0.046 
alreadyOccurs 0.019  0.074 0.029  0.090 0.021  0.089 
impClimateChange 0.140  0.119 0.015  0.099 -0.107  0.138 
impPoverty -0.134  0.085 -0.095  0.077 0.061  0.095 
Perceptions          
finBuyEEA N/A  N/A -0.024  0.034 -0.018  0.051 
finSaveAtHome -0.188 *** 0.058 N/A  N/A 0.000  0.074 
finBuyEffCar 0.020  0.036 0.019  0.032 N/A  N/A 
finRenewableEnergy 0.034 * 0.019 0.041 ** 0.017 0.017  0.025 
effBuyEEA N/A  N/A -0.031  0.040 -0.047  0.062 
effSaveAtHome -0.006  0.045 N/A  N/A -0.024  0.059 
effBuyEffCar 0.075  0.052 0.022  0.052 N/A  N/A 
effRenewableEnergy 0.012  0.048 0.004  0.045 0.141 ** 0.064 
 
_cons 0.385 

 
0.217 0.045 

 
0.186 0.437 

 
0.267 

Note: *, ** and *** indicate statistically significant differences at the p = 0.10, p = 0.05 and p = 0.01 
levels, respectively. 
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Table A.1 
NEP Question Statements 

1. Humans have the right to modify the natural environment to suit their needs 

2. Humans are severely abusing the environment 

3. Plants and animals have the same right to exist as humans 

4. Nature is strong enough to cope with the impacts of modern industrial nations 

5. Humans were meant to rule over the rest of nature 

6. The balance of nature is very delicate and easily upset 

 
 
Table A.2 
Variable Designation for "Do Not Know" responses and Non-Responses 

Dependent Variables: Designation 
  BuyEEA 0 
  SaveAtHome 0 
  BuyEffCar 0 
  

    Household Characteristics: 
   Female N/A 

  HouseholdSize N/A 
  HighEdu 0 
  LiveTogether 0 
  NumOfChildrenHH N/A 
  NumOfCars 0 
  HomeOwner 0 
  Income . 
  

    Environmental Attitudes and Perceptions: 
   NEP . 

  FeelWorried 0 
  FeelResponsible 0 
  FeelHopeless 0 
  WellInformed 0 
  EnvOrg 0 
  HumanCause 0 
  AlreadyOccurs 0 
  ImpClimateChange 0 
  ImpPoverty 0 
  FinBuyEEA . 
  FinSaveAtHome . 
  FinBuyEffCar . 
  FinRenewableEnergy . 
  EffBuyEEA . 
  EffSaveAtHome . 
  EffBuyEffCar . 
  EffRenewableEnergy . 
  Note: Designation “0” indicates “Do Not Know / No Answer” responses that are coded as a zero. “N/A” 

indicates that “Do Not Know / No Answer” was not a responses option. “.” Indicates “Do Not Know / No 
Answer” was treated as a missing value. 
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Table A.3 
Perceived Financial Advantage Variable Responses (%) 

 China Germany US 
 Yes No Other Yes No Other Yes No Other 

Financial Advantages:          
Buying EEA 68.6 29.7 1.7 59.4 36.8 3.8 67.6 25.1 7.3 
Saving Energy at Home 71.6 26.9 1.5 71.1 25.4 3.5 70.9 22.4 6.7 
Buying Fuel-Efficient Car 66.1 28.4 5.5 56.1 35.6 8.2 58.7 30.4 11.0 
Renewable Energy 58.8 35.2 6.0 25.6 62.9 11.6 41.0 41.4 17.6 

 
 
 
Table A.4 
Perceived Effectiveness of Combating Climate Change Variable Responses (%) 

 China Germany US 
 Yes No Other Yes No Other Yes No Other 

Effectiveness:          
Buying EEA 79.0 20.5 0.5 58.5 37.7 3.8 58.9 35.0 6.1 
Saving Energy at Home 76.2 23.3 0.6 59.4 37.6 3.0 57.1 36.6 6.3 
Buying Fuel-Efficient Car 80.3 18.3 1.4 60.3 35.9 3.8 57.1 36.0 6.9 
Renewable Energy 81.5 17.1 1.4 64.2 31.3 4.5 53.0 35.8 11.2 
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Table A.5 
Decomposition Interaction Differences 

  

 Buy EEA Save Energy at Home Buy Fuel-Efficient Car 
 Coeff.  St. 

Dev. 
Coeff.  St. Dev. Coeff.  St. 

Dev. 

Panel A: U.S. and Germany       
Overall -0.030  0.042 0.048  0.037 -0.016  0.049 
          
householdSize -0.002  0.008 -0.003  0.007 -0.008  0.010 
highEdu -0.007  0.012 -0.004  0.011 0.010  0.015 
income -0.040 * 0.021 0.038 ** 0.019 -0.033  0.028 
liveTogether -0.001  0.006 0.003  0.006 -0.012  0.009 
numOfChildrenHH -0.001  0.005 0.000  0.005 -0.004  0.007 
female 0.000  0.001 0.001  0.002 0.001  0.003 
numOfCars -0.021  0.015 -0.005  0.013 -0.010  0.017 
milesDriven 0.016  0.010 -0.012  0.008 -0.005  0.010 
homeOwner 0.014  0.013 -0.001  0.010 0.003  0.013 
NEP 0.018  0.015 0.013  0.013 0.024  0.019 
envOrg -0.007  0.006 -0.001  0.005 0.007  0.007 
feelWorried -0.008  0.012 -0.006  0.010 0.003  0.015 
feelResponsible 0.004  0.012 0.012  0.010 0.017  0.015 
feelHopeless 0.001  0.003 0.003  0.004 0.002  0.004 
wellInformed 0.008  0.006 -0.002  0.004 0.004  0.006 
humanCause -0.005  0.006 -0.008  0.006 -0.017 * 0.010 
alreadyOccurs -0.001  0.007 0.007  0.009 0.003  0.007 
impClimateChange -0.009  0.017 0.009  0.018 0.000  0.018 
impPoverty 0.005  0.005 0.000  0.005 0.002  0.005 
finBuyEEA N/A  N/A -0.004  0.013 -0.008  0.014 
finSaveAtHome 0.003  0.004 N/A  N/A 0.000  0.004 
finBuyEffCar 0.003  0.007 0.012  0.008 N/A  N/A 
finRenewableEnergy 0.004  0.013 -0.003  0.011 0.016  0.015 
effBuyEEA N/A  N/A 0.000  0.001 -0.001  0.006 
effSaveAtHome 0.000  0.001 N/A  N/A 0.000  0.002 
effBuyEffCar 0.001  0.003 0.003  0.004 N/A  N/A 
effRenewableEnergy -0.005  0.005 -0.005  0.005 -0.010  0.008 
 
 
 
Cont…   

 

  

 

  

 

 

 Buy EEA Save Energy at Home Buy Fuel-Efficient Car 
 Coeff.  St. 

Dev. 
Coeff.  St. Dev. Coeff.  St. 

Dev. 

Panel B: United States and China        
Overall 0.127  0.087 0.037  0.071 0.117  0.110 
          
householdSize 0.045  0.040 0.005  0.037 0.067  0.045 
highEdu -0.003  0.006 -0.008  0.006 -0.012  0.009 
income 0.100 ** 0.040 0.034  0.032 0.083 * 0.048 
liveTogether -0.046 ** 0.021 0.005  0.020 -0.030  0.026 
numOfChildrenHH 0.006  0.012 0.007  0.012 0.006  0.014 
female -0.001  0.002 -0.001  0.002 0.000  0.001 
numOfCars 0.005  0.038 -0.049 * 0.027 0.027  0.051 
milesDriven 0.001  0.004 -0.003  0.006 0.005  0.009 
homeOwner -0.009  0.018 -0.018  0.015 -0.017  0.022 
NEP 0.005  0.009 0.013 * 0.007 -0.009  0.011 
envOrg 0.001  0.003 0.001  0.003 0.004  0.004 
feelWorried 0.025  0.034 0.030  0.031 0.033  0.045 
feelResponsible -0.041  0.029 -0.027  0.026 -0.023  0.041 
feelHopeless -0.001  0.004 0.000  0.002 0.000  0.002 
wellInformed -0.015  0.010 0.002  0.009 0.001  0.012 
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humanCause -0.002  0.003 -0.002  0.003 -0.004  0.007 
alreadyOccurs 0.002  0.016 0.022  0.017 0.010  0.019 
impClimateChange 0.034  0.042 0.022  0.030 -0.039  0.049 
impPoverty -0.004  0.008 -0.009  0.007 0.010  0.009 
finBuyEEA N/A  N/A 0.001  0.004 -0.001  0.005 
finSaveAtHome 0.007  0.006 N/A  N/A 0.000  0.005 
finBuyEffCar 0.000  0.004 -0.006  0.005 N/A  N/A 
finRenewableEnergy 0.010  0.008 0.016 ** 0.008 -0.004  0.009 
effBuyEEA N/A  N/A -0.007  0.013 0.016  0.017 
effSaveAtHome -0.002  0.014 N/A  N/A -0.013  0.017 
effBuyEffCar 0.032  0.020 0.028  0.019 N/A  N/A 
effRenewableEnergy -0.019  0.019 -0.020  0.017 0.008  0.022 
 
 
 
Cont…  

 

  

 

  

 

 

 Buy EEA Save Energy at Home Buy Fuel-Efficient Car 
 Coeff.  St. 

Dev. 
Coeff.  St. Dev. Coeff.  St. 

Dev. 

Panel C: Germany and China        
Overall 0.179  0.071 -0.071  0.057 0.098  0.089 
          
householdSize 0.036  0.047 -0.017  0.043 0.014  0.055 
highEdu -0.019  0.016 -0.030 ** 0.014 -0.021  0.024 
income 0.062 *** 0.019 -0.010  0.015 0.048 ** 0.022 
liveTogether -0.029 ** 0.015 -0.003  0.014 0.005  0.018 
numOfChildrenHH 0.005  0.017 0.010  0.015 -0.003  0.021 
female -0.002  0.003 0.000  0.001 0.001  0.003 
numOfCars 0.028  0.022 -0.020  0.017 0.025  0.029 
milesDriven -0.010 * 0.006 0.005  0.004 0.003  0.004 
homeOwner 0.013  0.031 -0.035  0.026 -0.024  0.039 
NEP 0.004  0.006 -0.004  0.006 0.017 * 0.010 
envOrg -0.009  0.008 0.002  0.008 0.020 * 0.012 
feelWorried 0.030  0.021 0.029  0.020 0.016  0.030 
feelResponsible -0.030 * 0.017 -0.033 * 0.017 -0.040  0.025 
feelHopeless -0.004  0.004 0.002  0.003 0.002  0.004 
wellInformed 0.006  0.015 -0.003  0.011 0.015  0.018 
humanCause 0.001  0.003 -0.001  0.002 -0.001  0.004 
alreadyOccurs 0.002  0.009 0.003  0.010 0.003  0.011 
impClimateChange 0.023  0.020 0.002  0.016 -0.017  0.022 
impPoverty -0.006  0.006 -0.004  0.005 0.003  0.004 
finBuyEEA N/A  N/A -0.005  0.007 -0.003  0.009 
finSaveAtHome 0.020 ** 0.010 N/A  N/A 0.000  0.009 
finBuyEffCar 0.005  0.009 0.005  0.008 N/A  N/A 
finRenewableEnergy 0.032 * 0.018 0.039 ** 0.016 0.016  0.024 
effBuyEEA N/A  N/A -0.008  0.011 -0.013  0.017 
effSaveAtHome -0.002  0.011 N/A  N/A -0.006  0.015 
effBuyEffCar 0.021  0.015 0.006  0.015 N/A  N/A 
effRenewableEnergy 0.003  0.013 0.001  0.012 0.036 ** 0.017 

 Note: *, ** and *** indicate statistically significant differences at the p = 0.10, p = 0.05 and p = 0.01 
levels, respectively. 
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Abstract 

Australia has had an energy labelling program for whitegoods since the mid-1980s. Since 1993, 
market data on total sales for refrigerators, freezers, clothes washers, clothes dryers and dishwashers 
have been purchased by government. The purchased sales data provide model number, units sold 
and actual retail price paid and cover 95% of the retail market for whitegoods in Australia. This paper 
explores the major changes in whitegoods that have occurred over the past 22 years. 

Refrigerator-freezer energy consumption declined by as much as 60% despite increases in frost free 
share (now 80% of all products sold) and increases in volume. For clothes washers, there was a 
significant shift from vertical axis to European style drum machines (horizontal axis) from 2002. Drum 
machines now account for 50% of new washer sales. For dishwashers, the energy and water 
consumption has continued to decrease at an amazing 4% per annum over the 22 year period, 
although the rate of change in recent years is slowing due to technological limits. Dryers have shown 
little improvement for most of the period. 

A comprehensive price-efficiency analysis for refrigerators and freezers (based on over 1000 models 
using actual price paid matched with technical data) demonstrates that there is no strong correlation 
between energy consumption and price for most product categories. An innovative sales weighted 
regression was used. Long term data show that real prices of whitegoods have been falling 
substantially for all product types with the energy consumption falling in parallel. 

Introduction 

Context 

This paper documents the changes in the energy efficiency and other attributes of new whitegoods 
that carry an energy rating label and that were sold in Australia from 1993 to 2014 inclusive. All 
product types analysed in this paper have shown an improvement in energy efficiency over the study 
period, with most product types showing a substantial improvement since data were first available in 
1993. 

Over the period 1986 to 1990, mandatory energy rating labels were progressively introduced in New 
South Wales and Victoria for whitegoods, which includes refrigerators, freezers, clothes washers, 
clothes dryers and dishwashers. In around 1992, energy rating labels for these whitegoods became 
mandatory across Australia. The star rating equations for all labelled appliances were re-graded in 
2000 together with an updated energy label design. Mandatory minimum energy performance 
standards (MEPS) for refrigerators and freezers were introduced throughout Australia in 1999. These 
MEPS levels were made substantially more stringent in January 2005, with further changes made to 
the program in 2010, such as an additional re-grading of the refrigerator and freezer energy label. This 
paper provides a summary of trends applicable to whitegoods using 22 years of data (which provides 
21 years of trend data). For more detail, readers should review the full report [1] and the associated 
detailed data output tables, which provide a wide range of data by product by year over the analysis 
period. 

Energy consumption is an attribute that is not apparent to consumers without information programs 
such as energy rating labels, so credit for much of the improvement in those products that are only 
subjected to energy labelling can be attributed to the labelling regime under the government 
Equipment Energy Efficiency Program (E3) (this includes federal and state governments in Australia 
and New Zealand). This program has increased consumer awareness of energy efficiency and 
encourages manufacturers to continually improve the energy performance of their products. 
Awareness of the energy label among the general public was 45% in 1991 soon after labelling 
commenced. Surveys in 2005 and 2006 found that 94% per cent of consumers Australia wide recalled 
the energy label unaided, compared to around 97% in 2014 [2]. More than 62% of consumers report 
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energy, efficiency or energy cost as the most important factor when selecting a new appliance and 
some 72% correctly interpret an increase in the star rating as an increase in an appliance’s energy 
efficiency. In the case of refrigerators and freezers, MEPS has also had a significant impact. This 
paper does not evaluate or quantify the savings impact of these specific program changes, but it does 
provide solid data that could facilitate such an analysis. It provides clear quantitative data on the 
overall trends in appliance energy efficiency over time. An example of an ex-post program impact 
evaluation for refrigerators and freezers is given in [3]. 

Background 

Since 1993, Australian and state governments have purchased retail sales data from a commercial 
source, GfK Market Research. At various times over the past 20 years, governments have 
commissioned Energy Efficient Strategies to undertake detailed analysis of this data and to prepare 
reports that document the key findings. Up to 2010, these reports were called Greening Whitegoods 
[4]. The latest report, commissioned by E3, was released in 2016 and includes data from 1993 to 2014 
[1]. 

Coverage 

The main report and this paper cover five types of major household electrical appliances as follows: 

 Refrigerators; 

 Freezers;  

 Clothes washers; 

 Clothes dryers; 

 Dishwashers. 

Throughout this paper there is reference to an average “star rating” within each appliance type. The 
original energy rating labels were first introduced in the late 1980s and the star rating scale was 
revised in 2000 to make it more “stringent” (star ratings for most models decreased under the 2000 
scale). Star rating algorithms for refrigerators, freezers and air conditioners were also re-graded again 
in early 2010. Data on trends based on the 2010 star rating system for refrigerators and freezers have 
now been included for all years. 

All attributes quoted in this report (such as energy, star rating, capacity and so on) are calculated on a 
“sales weighted” basis, which means that individual appliance attributes by model are weighed in 
accordance with the sales of each model in each year.  

For each product type the main configurations are separately identified. For clothes washers this 
includes: top loading (vertical axis) and front loading (drum). For dryers this includes: vented, 
condensing, automatic, timer and heat pump dryers. For refrigerators, data are broken into Groups as 
outlined in Table 1 [5]. Full details for each product type for each appliance can be found in the main 
report. 

Table 1: Summary of refrigerator Groups under AS/NZS4474.1 

Group Description 

1 All refrigerator with automatic defrost 

2 Single door refrigerator with internal ice-making compartment (bar refrigerator) 

3 Single door refrigerator with internal short term frozen food storage 

4 Two door refrigerator freezer with automatic defrost fresh food and manual defrost freezer 

5T Two door refrigerator freezer, top freezer, all compartments automatic defrost 

5B Two door refrigerator freezer, bottom freezer, all compartments automatic defrost 

5S Two door refrigerator freezer, side by side, all compartments automatic defrost 

6C Chest freezer 

6U Upright freezer with manual defrost 

7 Upright freezer with automatic defrost 
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Methodology 

Since energy labelling commenced in 1986, Australia has had a mandatory product registration 
system for all products that are covered by Energy Labelling and/or MEPS. This has been a national 
on-line registration system since 2000. Each model that is put on the market has to be registered with 
government, with data provided on its energy specifications and a wide range of other attributes that 
are relevant to energy (capacity, water consumption, performance etc.). Whitegoods registration also 
requires submission of a test report from the supplier to support the claims. A public component of this 
registration database provides technical information on each current model and is available for 
consumer interrogation on the Energyrating website [6]. The government holds a database of all 
registrations ever submitted (over 30 years). Data from the products registration database are then 
cross matched with GfK model level sales data in each year to provide highly accurate tracking of 
sales weighted characteristics of the market. This Australian approach is considered to be the gold 
standard in market monitoring internationally [7]. 

The GfK model sales data are quite unique as it contains information on the actual retail price paid for 
each model, which is valuable when undertaking a practical analysis of price and energy consumption, 
as well as for tracking nominal and real appliances prices over the long term. Note that all prices 
quoted in this paper are in Australian dollars (AU$1 ~ US$0.78 as of mid-2017). 

While the methodology is considered to be highly robust and accurate, there are a number of issues 
regarding the source data that need to be considered when interpreting and evaluating the analysis. A 
full list of considerations in included in the main report [1]. One important issue is that the energy 
values quoted on the energy label are as measured in the relevant AS/NZS standard, as this is the 
information that is supplied to the registration database. It is important to have an understanding of the 
test procedures for each product type and how the measured energy consumption is likely to relate to 
the energy consumption in the home during normal use. There are a range of quite different 
considerations for each product before this energy data are used to assess savings in the home. 

Results in sales weighted trends 

Refrigerators 

Market Trends: Total sales increased at 2.8% per annum over the 22 year period. Two door frost free 
refrigerator/freezers (top and bottom freezers) – Groups 5T and 5B - still dominate the market with 
71% of sales. These Groups have generally accounted for over 65% of refrigerator sales since 2000. 
Since 2000 the Group 5T share has fallen from around 58% to 42% while Group 5B share has 
increased from 10% to 30%. Side by side (Group 5S) refrigerators sales share peaked at 15% in 2009 
and has now fallen to a 10.3% share in 2014. It appears that larger Group 5B models (primarily French 
door configurations with a bottom freezer) are displacing side by side sales. 

Average fresh food and freezer volumes are relatively stable after freezer volumes increased 
significantly during the 1990s, although total average volume continues to increase slightly. Sizes 
within most Groups are steady, but there is an ongoing shift in market share to Groups with a larger 
average volume. Price trends within each Group are quite variable. Some Groups have experienced 
increases in nominal prices over the analysis period while others have experienced falls in nominal 
prices. 

Energy: Energy consumption of new refrigerators decreased at an average rate of 2.5% per annum 
from 1993 to 2014 (see Figure 1). Energy consumption after MEPS 2005 was static until 2009, but 
there has been some improvement in energy consumption since labels were re-graded in 2010. Figure 
2 shows trends in energy consumption and real price over the period 1993 to 2014. 

Normalizing energy consumption by volume, the energy consumption per litre decreased by 2.7% per 
annum over the period. Under the 2010 star rating system, the average star rating increased from -0.1 
in 1993 to 2.43 in 2014. 
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Figure 1: Average relative energy consumption of new refrigerators sold by year, 1993 to 2014 

 

Figure 2: Average energy consumption and real prices of new refrigerators, 1993 to 2014 
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Freezers 

Market Trends: Total sales grew at an average of 2.3% per annum, although the majority of this 
increase occurred in years 2003 to 2008. The average volume of freezers has decreased significantly 
from 1993 to 2014. The sales of frost free vertical freezers (Group 7) are mostly steady, while manual 
defrost vertical freezers (Group 6U) increased very sharply over the period 2003 to 2008, but have 
decreased since 2008. Chest freezer (Group 6C) sales constitute 43% of the market and their share 
has decreased slightly over the period, although it has always remained in the range 40% to 50% of all 
freezer sales. 

Group 6U has experienced a decrease in nominal price over the analysis period (partly because 
average size has decreased) while Groups 6C and 7 have experienced fairly static nominal prices 
over the period. Group 7 products have also become slightly smaller. 

Energy: Energy consumption decreased at an average of 2.6% per annum from 1993 to 2014, with 
the most significant decline occurring in the lead up to 2005 (see Figure 3), linked to the introduction of 
the more stringent freezer MEPS in January 2005. Normalizing energy consumption by volume, the 
energy consumption per litre decreased by 2.2% per annum over the period. Under the 2010 star 
rating system, the average star rating for freezers increased from 0.57 in 1993 to 2.46 in 2014. Trends 
in energy and real price are shown in Figure 4. 

Figure 3: Average relative energy consumption of new freezers sold by year, 1993 to 2014 

 

 

 

 

 

 

 



 

556 
 

Figure 4: Average energy consumption and real prices of new freezers, 1993 to 2014 

 

Clothes washers 

Market Trends: Total sales increased at 3.2% per annum over the analysis period. Front loading 
machines have dramatically increased their market share and constituted 49.1% of all machines sold 
in Australia in 2014, with the balance primarily made up of top loaders. Average capacity is increasing 
steadily for both front and top loading machines and the average is now 7.6kg and 7.3kg respectively 
for these types. Average water consumption for all washer types decreased by 3.0% per annum over 
the period. Prices decreased slightly in nominal terms for top loaders and have been steady in nominal 
terms for front loaders for the last decade, with overall nominal prices declining at -0.5% per annum 
from 1993 to 2014. Real prices have declined at -2.9% per annum from 1993 to 2014 (top loaders at -
3.8% per annum, drum at -2.5% per annum). Combination washer-dryers peaked in market share at 
4.5% in 2006, but have since decreased to 1.4% in 2014.  

Energy: Energy consumption showed a slight decrease until 1998, then there was an increase in 
energy in 1999 and 2000 (see Figure 5). This increase was present in top loading machines only. 
Since 2000, energy consumption has been declining, although there was a slight increase in 2005. 
The energy for front and top loaders increased somewhat from 2009 to 2011 – this appears to be 
mostly driven by increases in capacity during that period, although the energy intensity of both types 
also increased slightly. Most of the overall decrease in average energy and water consumption for 
clothes washers is a result of the increased market share of front loaders (which have lower energy 
and water consumption) as the energy trends for each type have been relatively stable over time. The 
2000 average star rating increased from 1.28 in 1993 to 3.92 in 2014. Trends in energy and real price 
are shown in Figure 5. 
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Figure 5: Average energy consumption and real prices of new clothes washers, 1993 to 2014 

Clothes dryers 

Market Trends: Total sales increased at an average of about 3.7% per annum from 1993 to 2014, 
with a steady increase in sales throughout the period, but with some variation from year-to-year (dryer 
sales are somewhat discretionary and annual sales are driven by weather and economic conditions). 
The market share of auto-sensing dryers has increased significantly from 10% in 1993 to 53% in 2014. 
Condenser dryers have only a small market share (around 10.1%). Heat pump dryers first appeared in 
significant numbers in 2010 and have climbed to a market share of nearly 4% in 2014. Average load 
capacity was relatively static from 1993 to 2007, but has increased since then by around 20% due to 
small increases in capacity of all types and a small shift in sales share to larger types (condensing 
dryers and heat pump dryers). The nominal average price of clothes dryers increased at around 1.9% 
per annum, mainly driven by increasing market share of auto-sensing models, and in later years, 
condenser models, which were generally more expensive than vented timer models. Increases in 
rated capacity will also have held up prices. However, real prices declined at -0.4% per annum from 
1993 to 2014. Heat pump dryers are also significantly more expensive and their increased share has 
pushed up average prices marginally. Nominal prices of vented dryers have been declining over time. 
Heat pump types and condensing dryers showed a strong decrease in average price in recent years. 

Energy: Energy consumption remained fairly static from 1993 to 2014 (see Figure 6). Under the 2000 
star rating system the average star rating increased from 1.22 in 1993 to 2.09 in 2014, mainly due to 
increases in capacity. Trends in energy and real price are shown in Figure 6. The potential energy 
savings were low until recently, when cost effective heat pump dryers have become available. The test 
procedure only measures the energy consumption at rated capacity. An in-depth analysis of dryer 
energy use in homes suggests that average consumer loads are less than 30% of rated capacity [8]. 
There is no evidence to suggest that user loads for dryers are increasing in parallel with changes in 
rated capacity. If this were confirmed, dryers may in fact be getting less efficient as capacity increases. 
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Figure 6: Average energy consumption and real prices of new clothes dryers, 1993 to 2014 

Dishwashers 

Market Trends: Total sales increased strongly with a growth of 5.6% per annum from 1993 to 2014, 
which reflects the increasing penetration of this product in the residential sector [9] (around 60% in 
2017). Average capacity (place settings) has been stable since 1996. Water consumption decreased 
by over 3.9% per annum over the period. Nominal prices declined slightly at -0.5% per annum from 
1993 to 2014, but real prices declined at -3.1% per annum. 

Energy: Energy consumption decreased at an average of 2.7% per annum from 1993 to 2014, 
although the rate of decline has slowed since 2006 due to technical limitations of achieving further 
water and energy reductions. Under the 2000 star rating system the average star rating increased 
from 1.88 in 1993 to 3.3 in 2014. Trends in energy and real price are shown in Figure 7. 

Results in sales weighted trends 

An analysis of the price-efficiency relationship in the Australian market has been conducted using 
2013 refrigerator and freezer sales data. The primary data source for the analysis was the GfK sales 
by model for the year 2013 [10]. This dataset reports each brand and model sold during the period 
January 2013 to December 2013 by retailers in Australia and includes the actual average retail price 
paid for each model. It represents total sales of around 1.1 million products in that year, covering more 
than 95% of the total retail market. 

Refrigerators and freezers range in complexity, size and energy consumption. As expected, the price 
and energy efficiency varies considerably by model. Some refrigerator types have historically shown 
some correlation between price and efficiency, but based on previous analysis, the overall relationship 
tended to be weak [11]. The 2013 dataset obtained for analysis is one of the most comprehensive 
available in Australia as energy and actual price data for virtually every model on the market have 
been reported. This is an update of the previous analysis undertaken for the 2008 Regulatory Impact 
Statement [11]. However, this analysis has used an improved sales weighted regression approach, 
which gives more robust and reliable results. 
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 Fig. 7.  Average energy consumption and real prices of new dishwashers, 1993 to 2014 

 

The general approach was to split each model of refrigerator and freezer into their respective Groups 
in accordance with AS/NZS 4474.1 (refer Table 1 and [5]). Both the price and energy consumption are 
generally highly correlated with the volume of a refrigerator. However, the price per litre and the 
energy per litre vary considerably between Groups and also vary by model within a Group. Given that 
Groups are a convenient way of splitting products into categories with broadly similar designs and 
features, this analysis has considered each Group as a separate self-contained category for the 
purposes of analysis. The sales weighted regression approach adopted for this analysis allows every 
model to be included in the analysis and their influence on each overall regression is weighted by the 
sales of the model. The methodology has three steps as follows: 

 Establish a sales weighted relationship between volume and energy and a second relationship 

between volume and price for each Group. 

 Using the sales weighted relationship established in Step 1, determine whether each model 

uses more or less energy than average (for its size) and whether it is more or less expensive 

than average (for its size) when compared to the sales weighted average for the Group. The 

normalized price and energy for each model is then calculated as the ratio of actual 

price/energy to the regression price/energy. 

 Perform a sales weighted regression of normalized energy versus normalized price to 

establish whether models that use more energy than average are more or less expensive than 

average. 

 



 

560 
 

Full details of the methodology are shown in the main report [1]. For each Group, a visual 
representation of the analysis is shown in Figure 8, Figure 9 and Figure 10 for Group 5T, which is the 
type currently with the largest sales. In these figures, the size of each point represents total sales for 
the model – higher sales have a much stronger influence on the least squares linear regression using 
a sales weighted approach. The advantage of this approach is that all sales can be included – even 
those with an abnormally high price and only few sales (such as designer or custom products). 

 Figure 8: Sales Weighted Volume Energy Regression for automatic defrost top freezer 
refrigerator-freezers (Group 5T) 

Figure 9: Sales Weighted Volume Price Regression for automatic defrost top freezer 
refrigerator-freezers (Group 5T) 
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Figure 10: Sales Weighted Regression of Normalized Energy Versus Normalized Price for 
automatic defrost top freezer refrigerator-freezers (Group 5T) 

The results of the sales weighted regression of normalized energy versus normalized price for all 
Groups are shown in Table 2. The slope gives an indication of the relationship between energy and 
price. A slope of 0 means there is no apparent relationship between energy and price for the Group 
after removing the effect of size and that products with lower or higher than average energy are 
neither likely to be more expensive or cheaper than an average product. A slope of -1.0 would mean 
that a 1% reduction in energy would be accompanied by a 1% increase in price. Similarly, a slope of 
+0.5 would mean that a 1% reduction in energy would be accompanied by a 0.5% decrease in price.  

Table 2: Normalized Energy vs Normalized Price Regressions by Group in 2013 

Group Energy-
Price 

Slope 

Intercept R
2
 Models Comments 

1 -0.911 1.928 0.032 47 Expected slope, low R
2
 

2 -0.288 1.291 0.041 80 Expected slope, low R
2
 

3 -1.553 2.566 0.202 6 Too few models 

4 -2.199 2.647 0.078 6 Too few models 

5T -0.222 1.227 0.027 154 Expected slope, low R
2
 

5B 0.613 0.409 0.020 206 Inverse slope, low R
2
 

5S 0.187 0.814 0.004 91 Inverse slope, very low R
2
 

6C 0.079 0.924 0.002 38 Inverse slope, very low R
2
 

6U -1.615 2.613 0.400 68 Expected slope 

7 -0.345 1.341 0.018 40 Expected slope, low R
2
 

 

In Table 2, a positive slope of the energy-price regression means that for this Group a unit which is 
more expensive also tends to use more energy. This does not make sense in terms of an expected 
price impact of efficiency. In these cases there must be other factors that have influenced the price of 

 



 

562 
 

certain products in the Group, which may or may not be related to efficiency. Features like stainless 
steel can have an impact on price but will have no direct impact on energy consumption. Groups 5B, 
5S and 6C all showed positive slopes for the energy-price regression. However, in all three cases the 
correlation coefficient (R squared) was almost zero, indicating that there is almost no practical 
correlation between energy consumption and price. Group 5B models with French doors are more 
expensive and use more energy due to the additional seals and heaters. Similarly, side by side models 
(5S) with through the door icemakers are also more expensive and use more energy due to additional 
wall penetrations and heaters, so these factors may in part explain the correlation results. It is also 
important to remember that the price of a specific model does not necessarily directly correlate with 
the cost of manufacturing it. Manufacturers and retailers have a complex set of adjustments and add-
on that can distort the relationship between production cost and retail price. 

Even though analysis of the data suggests that there are only a weak price efficiency relationship, this 
assumption only holds true for the products on the market in 2013 and it does not mean that endless 
efficiency gains can be forced onto manufacturers with a low cost penalty. This regression also needs 
to be considered in the context of long term price and energy trends for refrigerators. Analysis for each 
product has shown that average energy and average prices have fallen substantially together over the 
past 22 years, so the relationships found in 2013 need to be interpreted in the context of long term 
downward trends for both price and energy. Real price and energy trends over the past 22 years for 
each group are shown in Table 3. These changes also need to be interpreted in the context of 
changes in volume by Group over time. 

Table 3: Average Annual Changes (%) in Refrigerator and Freezer Real Prices and Energy from 
1993 to 2014 

Group Real Price  Energy  

1 -1.3% -2.9% 

2 -3.9% -2.1% 

3 -2.8% -3.8% 

4 -3.9% -3.9% 

5T -4.7% -3.8% 

5B -1.3% -2.8% 

5S -3.7% -4.6% 

6C -2.5% -1.6% 

6U -3.6% -3.4% 

7 -2.3% -4.1% 

Refrigerators (Groups 1-5) -1.9% -2.5% 

Freezers (Groups 6,7) -2.2% -2.6% 

 

The overall decrease in real price for all types of freezers is lower than for each freezer Group 
individually due to an increase in market share of Group 7 products, which are considerably more 
expensive. Similarly, the overall decrease in real price for all types of refrigerators is lower than for 
most Groups as there has been a general market shift from smaller, cheaper Groups to larger, more 
expensive Groups. 

Conclusions 

Appliance energy consumption for most major whitegoods (except clothes dryers) has been declining 
steadily for over 20 years and the energy consumption for most of these products is now around 40% 
lower than it was 20 years ago. Much of the credit for this strong ongoing improvement must be 
attributed to energy labelling and MEPS, which encourages or forces consumers to select more 
efficient models. It also encourages or forces manufacturers to make ongoing improvements in the 
models that they offer. The case of clothes dryers is an anomaly amongst whitegoods in Australia. 
This is because the basic technology has remained unchanged for many decades and it is a very low 
cost appliance that is reasonably common but has low use in many Australian households. However, 
the advent of affordable heat pump dryers may start to create some downward pressure on dryer 
energy consumption into the future if heavier dryer users seek out high efficiency options, especially in 
the face of continued electricity tariff increases. Continued purchase price falls are likely to drive these 
trends into the future. 
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An analysis of the refrigerator market in 2013 found that there was only a weak correlation between 
energy consumption and price for most types and no correlation for some types. A related observation 
is that in parallel with the strong downward trend in energy consumption, there has been a substantial 
decrease in real prices for most whitegoods in the long term. This effect has been reported in many 
countries around the world and is not unique to Australia [12, 13]. Real price reductions appear to be 
driven by improvements in manufacturing efficiency, reductions in material and component costs as 
well as the transfer of manufacturing operations to low cost countries. It is also important to note that 
retail price at a model level does not necessarily directly reflect manufacturing cost. The existence of 
energy labelling has also put energy efficiency onto the agenda of manufacturers. MEPS for 
refrigerators and freezers has forced energy consumption to fall in dramatic steps. Even large 
decreases in energy forced by MEPS appear to have little impact on long term real price declines by 
Group for refrigerators based on a detailed ex-post evaluation [3]. However, policy makers should not 
treat this as a magic pudding – there will certainly be costs to industry where substantial policy 
impositions like MEPS are applied. However, where policies are implemented in an orderly and 
coherent manner, manufacturers are likely to have a greater chance of being able to minimize the cost 
impacts of improving efficiency. A level playing field is key in this respect: manufacturers are happy to 
improve their products as long as their competitors are also required to do so and competition remains 
fair. 

The key lesson for policy makers is that good market data provide a solid information base to develop 
and maintain energy policies to keep them effective and relevant. An information program like energy 
labelling is helpful for monitoring as this allows objective energy and performance information to be 
cross matched with sales data in order to provide deeper insights. Sales data without energy data are 
of no value. While energy data without sales data can be of some value when analyzed intelligently  
[7, 14], it generally provides only limited insights. This type of combined data set also provides a solid 
base for comprehensive program evaluation, which is critical in objectively quantifying longer term 
policy impacts. 
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How has the European White Goods market changed in the past 10 
years? – Analysis based on sales data reveals constant 
improvements, contradictory trends, and big successes for a new 
technology. 

Anette Michel, Eric Bush / Sophie Attali 

Bush Energie, Switzerland / SOWATT, France 

Abstract 

In Europe, there is no systematic market monitoring and only little is known about product market 
trends. In order to decide on and evaluate policies such as MEPS and Energy Labels, knowing the 
market is however key.  

We have analysed comprehensive sales data from GfK on refrigerators, washing machines and 
tumble driers, covering France, Germany and Italy as well as the whole European Union, and the 
years 2004 – 2015. The data contains information on energy efficiency, energy consumption, size and 
price. The report will be published in March 2017. 

Results show different trends for the three product categories. Refrigerators show a constant efficiency 
improvement over these eleven years. Average energy consumption has decreased, but at a lower 
rate than what could be expected based on the efficiency improvements.  

For washing machines, results show that ‘efficient’ washing machines tend to be large washing 
machines. With increasing efficiency also the trend to larger drums is continuing. Because partial load 
washing is very inefficient and will most likely occur more often in large drums, we find it difficult to 
judge these results.  

Heat pump tumble driers, using half as much energy as conventional driers without heat pump and 
populating the classes A to A+++, have continued to gain popularity. In 2015 heat pump drier sales 
reached 47% across the EU. In some countries like Germany or Italy, they even accounted for 75% or 
more of the sales. Analysis of total lifetime costs shows that heat pump driers save consumers around 
500 Euros over class B driers.  

Introduction 

The revised Energy Labelling framework Directive will most likely introduce a mandatory product 
registration with a database that will be partly publicly accessible. This database is needed and will 
greatly improve the overview on market developments for the Commission and other policy 
stakeholders [1]. It will provide detailed information on models that are on the market, their energy 
efficiency and consumption etc. 

Up to now, there has been no systematic market monitoring in Europe. Whenever the European 
Commission needs market information about products to take decisions about future policy measures, 
available data is gathered by consultants for preparatory studies or impact assessments. The problem 
with such data, which is often provided by industry, is that it may be incomplete and often outdated, 
and cannot be compared over time and between countries. For designing policy instruments such as 
Energy Labels and minimum energy performance standards (MEPS) that are well adapted to the 
market and effective, it is key to have current market data and trends. 

The product database will greatly improve the data situation. Apart from this it will also serve 
consumers and market surveillance authorities [1]. However, it will not contain any information on the 
importance of different models regarding sales, and it could take a long time until it’s operative. Sales 
data is available – professional market research companies have it – and sales-based market 
monitoring could start now. 
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Thanks to funds from l’Agence française de l’Environnement et de la Maîtrise de l’Energie (ADEME), 
recent sales data for refrigerators, washing machines and tumble driers could be purchased and 
analysed. The report [2] has been published in March 2017 and is partly an update, partly an 
amendment to a similar study from 2015 [3]. It demonstrates the value of systematic market 
monitoring based on sound sales data (recent, complete, consistent over time). At the same time it 
provides valuable market information to the on-going Ecodesign and Energy Labelling review 
processes for refrigerators and washing machines, and that for tumble driers that is due to start this 
year. 

Data 

Sales data including information on energy class, energy consumption and size has been purchased 
from GfK

182
. GfK obtains the data from retailers. The data covers the years 2004 to 2015. All the 

information is based on declarations on the Energy Label, and average values are weighted according 
to sales. The data covers household refrigerators, washing machines and tumble driers. For 
refrigerators, the data covers refrigerators with and without freezer compartment, but not separate 
freezers. Next to the information for the entire EU, our report also covers the national markets of 
France, Germany and Italy.  

Key results and discussion 

Only the key results are shown here. More results, especially for France, Germany and Italy, can be 
found in the main report by ADEME [2]. 

Refrigerators 

When the Energy Label for household refrigerators was introduced in 1994, it was the first such Label. 
The original A to G Label was amended with classes A+ and A++ in 2004, in 2011 A+++ was added. 
The Label and Ecodesign regulation are currently under revision: the preparatory study has been 
published in March 2016 [4].  

 

Figure 96: EU: efficiency classes of refrigerator sales 

Figure 96 shows that the energy efficiency of refrigerators in the EU has constantly improved from 
2004 to 2015. Over this period, the sales-weighted average energy efficiency index (EEI) has 
improved by 37% (average EEI in 2015: 39)

183
. 

In 2004, most of the sold refrigerators were in classes A and B. New, better classes were needed. In 
2004 class A+ was introduced, and sales of A+ refrigerators quickly increased. By 2015, the majority 

                                           
182

 www.gfk.com  
183

 Average EEI was calculated by assigning the threshold EEI to each class (e.g. 33 for A++). 

http://www.gfk.com/
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of all refrigerators sold are in this class. Classes B and C were banned from the market in 2010, but 
both had nearly disappeared before this date. A stronger effect on the market was caused by the 
second tier of the Ecodesign regulation from 2009: the disappearing of class A was visibly sped up by 
the Ecodesign requirements. A++ refrigerators make up one quarter of the sales in 2015, sales of 
A+++ models are still low. 

 

Figure 97: Average energy consumption of refrigerator sales in the EU 

Refrigerators sold in the EU in 2015 on average consume 229 kWh/year. This is 26% less than eleven 
years earlier in 2004. Even though it is a considerable reduction, it is less than could be expected from 
the 37% efficiency gains that were achieved over the same period. Figure 98 shows that this deviation 
cannot be explained by increased average volume: in 2015, it was only 10 litres (4%) larger than in 
2004. Instead, the deviation can likely be explained by the complex EEI formula, which does not 
establish a direct link between energy consumption and efficiency: different reference lines for different 
product types and correction factors for extra features (inbuilt, frost-free and tropical models, models 
with chill compartment). A measurement campaign that was performed in 100 French households in 
2015 funded by ADEME [5], also observed that inbuilt and frost-free refrigerators are consuming more 
energy, even if smaller and rated as equally energy-efficient as comparable models without these 
functions. 

French refrigerators consume on average 9 kWh/year more, Italian ones 34 kWh/year more than the 
EU average.  The higher average consumption by refrigerators sold in Italy can likely be explained by 
an average energy efficiency that is below the EU average, and a preference for larger models [2]. 
Less energy than across the EU is consumed by refrigerators sold in Germany: these use on average 
59 kWh/year less. The situation is the contrary from that in Italy: German refrigerators are on average 
more energy-efficient and smaller than across the EU [2]. 
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Figure 98: EU: average volume of refrigerator sales 

Average total volume has increased by 10 litres (4%) over the past eleven years. The average volume 
of freezer compartments has increased by 5 litres (7%), while cooling compartments also increased 
(2%). Results in [2] show that more energy-efficient refrigerators are on average larger: A+++ 
refrigerators are on average larger than A++ models, and these again are larger than A+ models. 

 

Figure 99: EU: average declared energy consumption of refrigerator sales according to label 
classes in 2015 

Despite this size bias, more energy-efficient refrigerators save a lot of energy on average: Figure 99 
shows that while A++ refrigerators save 51 kWh/year (21%) over A+ models, A+++ save 101 
kWh/year (41%). 
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Figure 100: Total costs
184

 (purchase price + electricity costs) of refrigerator classes 

A+++ refrigerators save households electricity costs of over 300 Euros over their lifetime of 15 years. 
However, this is not (yet) enough to make up for the price premium of more energy-efficient models: 
yet, total costs to consumers are lowest for A+ refrigerators. However, it must be noted that the higher 
prices for A+++ models do not only reflect higher energy-efficiency, but also the larger average 
volume. And the differences in total costs are small, less than 2 Euro per year. 

Washing machines 

The first Energy Label for washing machines was introduced in 1995. Energy efficiency was initially as 
specific energy consumption of the 60°C programme per kg capacity. In 2011/2012, the Label scale 
was amended with classes A+, A++ and A+++. With this new labeling regulation, the classification 
scale is based on an energy efficiency index (EEI), which is based on annual energy consumption. 
The programmes relevant for the energy label are the 60°C and the 40°C cotton programmes, also 
including half load cycles. The annual energy consumption formula assumes 220 wash cycles per year 
and includes low power modes (Left-On and Off mode). This means that the declared energy 
consumption before and after 2011/2012 cannot be directly compared. 

As for refrigerators, the Energy Label and Ecodesign regulations for washing machines are currently 
being revised. The Joint Research Centre (JRC) should publish the final preparatory study

185
 soon. 

                                           
184

 Total costs include purchase price and electricity costs over the product lifetime. Assumed refrigerator lifetime is 15 years, 
electricity price 0.2 Euros/kWh (no increase in prices over time, and discount rate assumed). 

185
 http://susproc.jrc.ec.europa.eu/Washing_machines_and_washer_dryers/index.html 

http://susproc.jrc.ec.europa.eu/Washing_machines_and_washer_dryers/index.html
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Figure 101: EU: efficiency classes of washing machine sales. Note: Classes A+, A++ and A+++ 
were only ‘official’ from 2011: before 2011, GfK categorized products as ‘A-10%’ (or A+), and  ‘A-20%’ 
as A++. Sales share of these classes before 2011 has to be interpreted with caution. 

Keeping in mind that classes A+ and A++ were only officially introduced in 2011 (see figure notes), 
Figure 102 shows that from 2004 to 2010, for six years nearly all washing machines sold were in class 
A. When the new classes were introduced in 2011, already more than half of all models sold in the EU 
met the requirements of classes A+, A++ or A+++. This illustrates that the revision was long overdue. 
Tier one of the Ecodesign regulation from 2010, which banned classes B and below from December 
2011, had no effect. Tier 2 banned class A from December 2013, and had a minor effect: in this year, 
still 11% of the sales were in class B. In 2015, four years after the new Label classes were introduced, 
the majority of all sold washing machines were in the top class A+++. The most energy-efficient 
washing machine model exceeds the A+++ threshold by 50%

186
. Clearly, MEPS and Label classes 

defined in 2010 were not ambitious enough: the current revision is needed. 
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 V-Zug Adora SLQ-WP with integrated heat pump; EEI= 22.8, 8kg. Source: www.topten.eu 

http://www.topten.eu/


571 

Figure 102: Average energy consumption of washing machine sales in the EU, France, 
Germany and Italy. Note: Before 2011/12 the energy consumption was declared in kWh/cycle. These 
values have been multiplied by 220 by GfK. This is the number of annual cycles assumed for the 
declaration on the 2010 Energy Label which applied from December 2011. Since the new declaration 
also includes part load, 40°C cycles and low power modes consumption, the values are not directly 
comparable. While the exact values have to be read with caution, this chart can show trends before 
2011 and after. Decline in energy consumption can also be explained by reduced wash temperatures 
for the nominated programmes as there is no requirement for the actual wash temperature to match 
the programme name. 

Before the Label revision in 2010, the annual average energy consumption of washing machines sold 
was more or less stable for many years. Only after the introduction of the new Label in 2011, the 
average declared energy consumption started to go down. In 2015, the average energy consumption 
of washing machines sold was 179 kWh per year. A part of the observed reduction will simply be due 
to the inclusion of less energy-intense programmes to the calculation (40°C instead of only 60°, half 
load instead of only full load cycles) and other changes. Similar as for refrigerators, also washing 
machines sold in France and Italy consume a bit more energy than the EU average (7 and 5 
kWh/year, respectively), while those sold in Germany use 15 kWh/year less.  

Figure 103: EU: capacities of washing machine sales 
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The strong trend to larger washing machines observed in the past few years is on-going (Figure 103). 
While in 2004 nearly all washing machines had a capacity of 6kg laundry and less, by 2015, 65% were 
designed for more laundry. 30% can even take up 8kg or more laundry. 

 

Figure 104: EU: capacities of washing machine sales according to energy classes, 2015 

Figure 104 shows that there is a correlation between energy classes and drum size: energy-efficient 

washing machines tend to be large washing machines.   

 

Figure 105: EU: average energy consumption of washing machine sales according to energy 
classes, 2015 

The correlation between energy class and energy consumption on the contrary seems less clear: as 
Figure 105 shows, the differences in average energy consumption between energy classes are small 

(A++ to A+++: -23 kWh/year) to nearly inexistent (A+ to A++: -1kWh/year). 

Reasons for this weak correlation between efficiency classes and energy consumption could be: 

 ‘Narrow’ classes: less than 12% efficiency improvement is needed to jump from one class to the 

next. For most product categories, energy classes are larger (e.g. for refrigerators or tumble driers 

it is around or more than 25%).  
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 Washing machines in better classes are larger, as shown in Figure 104. It seems that the 

reference line, which is defining how much more energy larger machines can use while still 

meeting a good efficiency level, makes it easier for larger models to reach good efficiency levels in 

the case of washing machines – i.e. there is size bias in the labeling equation which favours larger 

machines. 

A+++ machines may have a relatively low declared relative energy consumption (kWh/kg laundry), but 
the absolute declared consumption is hardly lower than that of ‘less efficient’ machines. Another 
aspect is part load washing: several studies have indicated that users do not wash larger loads in 
larger machines [6], and that the average load is below 4 kg [7]. Clearly, the risk of a (low) part load 
cycles is bigger for larger washing machines. If filled only partly, large washing machines will be 
clearly less efficient: water and energy will be wasted. 

 

Figure 106: EU: Total costs
187

 (purchase price + electricity costs) of washing machine sales in 
2015 

Washing machines in better efficiency classes have clearly higher purchase prices – not only because 
of more efficient technology, but also because they are larger. The energy consumption however is 
nearly the same across efficiency classes – therefore consumers cannot save on total costs with more 
efficient washing machines.  

This situation means that, based on the current EEI formula, it is not possible to introduce more 
ambitious MEPS: first, because these would ban small, potentially low-consuming models. Second, 
because MEPS must be set at the Least Life Cycle Cost (LLCC) point. With mostly large machines in 
the better efficiency classes, the LLCC is at low efficiency. 

Tumble driers 

The first energy label for tumble driers was introduced in 1996. As for washing machines, the energy 
efficiency definition followed a relative energy consumption per kg laundry definition. Class A could 
only be met by heat pump driers, which entered the market in 2006. Heat pump driers exceeded the 
class A threshold by around 30% and used almost 50% less energy than class B driers, which entered 
the market at the same time: the Energy Label could not visualise the vast efficiency gains of this 
technology. In 2012, the Energy Label was revised, and Ecodesign requirements were announced. 
The Label was amended with classes A+ to A+++, which can all only be reached by heat pump driers 
to date. Like for washing machines, the labeling scale is now based on an EEI that is calculated by 
annual energy consumption and capacity. The formula assumes 160 drying cycles per year, some of 

                                           
187

 Total costs include purchase price and electricity costs over the product lifetime. Assumed washing machine lifetime is 15 
years, electricity price 0.2 Euros/kWh. 
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them at half load, and low power modes. The Labelling and Ecodesign regulations are due for review 
in 2017. 

 

Figure 107: EU: efficiency classes of tumble drier sales  

Figure 107 shows that class B gained market share much faster than class A, while both of them 
slowly replaced class C. Only after 2013, when the new Label was introduced to better communicate 
the superiority of heat pump driers, the sales share of this technology increased faster. Class A has 
been virtually empty since then – it is situated at the ‘technology gap’ between conventional driers and 
those with a heat pump. Tier one of the Ecodesign MEPS banned driers of class D and below from 
November 2013. As for refrigerators and washing machines, this first tier measure had nearly no 
impact on the market. Tier two has banned driers of class C from November 2015. With 20% class C 
driers still being sold in 2015 across the EU, this measure will certainly have a bigger effect. 

 

Figure 108: Average energy consumption of tumble drier sales in the EU, France, Germany and 
Italy. Note: Declared energy consumption according to the old Label (2004 – 2012, in kWh/cycle) has 
been multiplied by 160 (cycles/year). It is however not directly comparable with the declaration on the 
new Label, because this includes part load drying and low power modes consumption. 

In 2015 the average energy consumption of tumble driers sold in the EU was 362 kWh/year. This is 
27% less than in 2004, and 36% less than in 2008, when average energy consumption of driers was 
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highest. Differences between countries are large and reflecting different efficiency levels of national 
markets shown in [2]. 

 

Figure 109: EU: average energy consumption of tumble drier sales, 2015. A class has a very low 

sales share and nearly no models exist in this class, therefore this result is not statistically significant. 

Class A+ heat pump tumble driers on average consume 230 kWh/year (46%) less energy than class B 
driers, the least efficient still allowed on the EU markets. Also, the differences between heat pump 
driers are considerable: class A++ driers save 42 kWh/year (15%) over A+, A+++ saves 93 kWh/year 
(34%). These differences between classes are clearly larger than for washing machines. Surprisingly, 
class B driers consume on average more energy than class C models, which have been banned since 
2015. The reasons may be similar to washing machines: a small efficiency improvement needed to go 
from class C to B (only 10.5%), combined with an increase in average capacity shown in [2]. For other 
classes, the efficiency improvement required is bigger: 25% from A++ to A+++, and 35% from A to A+. 
The high average consumption of class B driers raises concerns over the energy-saving effect of tier 
2, having banned class C driers since last November. If consumer choose class B driers instead of C, 
the measure could even increase energy consumption. This could be avoided if heat pump driers are 
promoted. This should be easy: they save money for consumers (Figure 110). This chart shows that 
paying a higher purchase price for more energy-efficient driers is paying off. A+ driers can save 473 
Euros over their lifetime of 15 years compared to class B conventional driers, A+++ save as much as 
580 Euros – despite their higher purchase prices, and thanks to their low energy consumption. 

Ecodesign MEPS should be set at the LLCC point. For tumble driers, this means that in the review that 
is about to start this year, driers without heat pump should be banned from the market. Switzerland 
has banned non-heat pump driers since 2012.  
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Figure 110: EU: average total costs
188

 (purchase price and electricity costs) of 2015 tumble 
drier sales. A class has a very low sales share and nearly no models exist in this class, therefore this 

result is not statistically significant. 

Conclusions and recommendations 

For refrigerators, the Energy Label has successfully supported continuous innovation towards higher 
energy efficiency. Ecodesign requirements may have supported this development, but the major driver 
has been the Energy Label. Despite more than 20 years of efficiency improvements, energy-efficient 
refrigerators still represent a large energy saving potential. Improving the 2015 average efficiency (EEI 
= 39) to the A++ level (EEI = 33) would save 15% energy. If all refrigerators sold in 2015 had been in 
class A++, Europe could have saved 7.9 TWh over the lifetime of these models.  

Introducing new MEPS at the level of A++ is recommended. Since national markets are not all equally 
efficient, these should be announced some time before actually being implemented. A new Energy 
Label should be introduced, following the A to G scale with initially empty top class(es) as foreseen in 
the future revised Label framework regulation. Today, only ‘plus’-classes are left on the market, and 
best available technology (BAT) products are exceeding the A+++ threshold by 20%

189
. In the ongoing 

revision, also the EEI formula should be simplified, and misleading factors should be removed. Results 
show that there is a gap of 30% between efficiency improvements and reduced energy consumption 
over the past eleven years. These are lost savings with the only explanation for most of this due to the 
lack of transparency in the current EEI formula. Popular combi refrigerator-freezers can consume 
much more energy than other types and still meet good efficiency levels thanks to their steep 
reference line. Models with energy-consuming features such as frost-free, compressors that work 
under tropical conditions, chill compartments or inbuilt models can also consume more, without this 
extra energy consumption being made transparent, thanks to the ‘correction factors’ in the formula. 
The EEI formula is incentivising these features instead of making their higher consumption 
transparent. These correction factors should be removed, no new ones should be added, and the 
number of different reference lines should be reduced to one or two (similar to what has been 
proposed in the preparatory study [4]). Comparable product types should be rated on the same basis 
using their measured energy and volume so that more efficient configurations are rewarded with 
higher label ratings. Currently, separately rating inefficient configurations allows them to achieve 
higher classes with higher energy consumption. The labeling classes should be restructured so that 
the energy reductions per additional class are more consistent: this would also have more meaning for 
consumers. 

For washing machines, the effect of the Energy Label is not so clear. Since the new classes A+ to 
A+++ have been added in 2010 there has been a clear shift to improved energy-efficiency. The 
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 Total costs include purchase price and electricity costs over the product lifetime. Assumed drier lifetime is 15 years, electricity 
price 0.2 Euros/kWh. 
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 Source: www.topten.eu  

http://www.topten.eu/
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declared energy consumption also seems to have declined since then. However, with more than 50% 
of all sold models in class A+++, the Label is already outdated, only four years after its introduction. 
BAT models are 50% more efficient than the A+++ threshold

8
. Class threshold have not been 

designed ambitiously enough. Also it is not clear to what extent observed reductions in energy 
consumption are ‘real’ or due to changes in calculations and measurement methods. The most 
problematic aspect with washing machines is the strong trend to larger drums, which may be 
supported by the Energy Label. The strictly linear reference line used makes it easier for larger 
machines to reach good efficiency levels. It seems that it’s easier for manufacturers to reach good 
efficiency classes by increasing the drum size instead of reducing the energy consumption. If washing 
machines are not loaded to their full capacity, water and energy is wasted. The larger the drum, the 
bigger the risk of resource waste. 

As for refrigerators, the washing machines Energy Label should be revised to follow an A to G scale. 
New, more ambitious MEPS thresholds should also be considered. But these are not possible based 
on the current EEI formula: small, potentially energy-saving models would be banned, and total costs 
to consumers would increase because of higher purchase costs and very little savings on electricity 
costs. It is key that the EEI formula is revised to remove the misleading incentive towards larger 
washing machines. A digressive reference line, granting less additional energy consumption per 
added kg capacity for a given efficiency to larger machines, should replace today’s strictly linear 
reference line. Adding a fixed small amount of laundry to the test runs (e.g. 2kg instead of 50%) could 
support efficient washing of small loads and these should be more heavily weighted in the class 
calculation. A 2015 consumer survey showed that the Label programmes cotton 40°C and 60°C are 
used for less than 17% of all wash cycles [8|. In order to increase usage of these programmes, the 
Label programmes should be user-friendly (not lasting too long) and easy to find (no second version of 
Label programmes with lower efficiency). 

In 2015, energy-efficient heat pump tumble driers (classes A and better) accounted for nearly 50% of 
all sales in the EU. On national markets, it can be as low as 18%, or as much as 93% [2]. Heat pump 
driers save at least 50% energy over conventional class B driers and save users total costs over their 
lifetime, despite their higher purchase costs. Across Europe, heat pump driers hold a considerable 
saving potential: had all driers sold in 2015 been in class A+, Europe could have saved 5.8 TWh over 
the lifetime of these driers. 

If heat pump driers are not promoted, the ban of class C driers effective since November 2015 could 
lead to more instead of less energy consumed. Due to small efficiency differences and larger average 
capacity, class B driers have a higher average declared energy consumption than class C driers. 
Energy can be saved if consumers are convinced to buy heat pump driers instead of switching to 
inefficient class B driers. Communicating the total operating costs over the products’ lifetime could be 
a measure, or rebate programmes making these appliances more affordable.  The review of 
Ecodesign and Energy Label regulations that is due in 2017 should aim at introducing new MEPS at 
the least life cycle cost (LLCC) point and ban class B driers. Due to the big differences on national 
markets sufficient transition time will be needed. 

Based on a longer study [2], this paper demonstrates the potential of sales-based market 
monitoring. Data such as presented here allows evaluating policies, spotting market trends and 
provides a sound basis for decisions on future policies. The future product database in Europe will 
bring a big improvement over today’s situation by providing information on models that are on the 
market. Also in the future, sales data could complement the product information from the database, to 
weight products according to their relevance on the market. Australia shows how these two sources of 
information can be combined to get a comprehensive picture of the market [9]. While the product 
database will take several years until it is operative, sales-based market monitoring can start now. 
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Trends in Residential Energy Consumption in the EU and Impact of 
Energy Efficiency Policies 

Paolo Bertoldi, European Commission, Joint Research Centre 

Abstract  

The EU has adopted targets for an energy consumption reduction of 20% in year 2020 and 27 to 30 % 
in 2030 compared to projected energy consumption in the same year under a Business as Usual 
scenario modelled with Primes in 2007.  

The residential sector is responsible for about 24.8 % of the final EU energy consumption (the third 
largest sector after the transport and industry sectors). Several policies have been adopted in the EU 
since the nineties in order to reduce energy consumption in the residential sector, both at EU level 
(Eco-design, Energy Labelling, Energy Performances of Buildings, etc.) and at national level 
(subsidies, information campaigns, energy supplier obligations, etc.). It is of great importance to 
understand and explain the energy consumption trends in the residential sector, and in particular the 
contribution of energy efficiency policies 

The present paper shortly describes, in the introduction, the EU policies adopted, then presents and 
discusses the most recent trends in residential energy consumption and other factors that help in 
understanding energy consumption trends such as GDP, population, number of dwellings, Heating 
Degree Days. 

Based on the analysis of the data presented and correlation, conclusions on the impact of adopted 
policies are presented and discussed as a contribution to better understand the impact of policies and 
other trends on energy consumption. 

Introduction 

The legislative framework is an important driver for residential energy consumption and taking into 
account the main EU policies adopted is crucial in order to understand current energy trends. 

The EU has set in 2007 three climate change and energy targets for 2020
190

:  

 20% cut in greenhouse gas emissions from 1990 levels; 

• 20% of EU energy consumption share produced from renewable resources;  

• 20% reduction of the EU primary and final energy consumption compared with a business-as-

usual scenario
191

. 

More recently the EU has set also targets for 2030, as follows: 

• 40% cut in greenhouse gas emissions compared to 1990 levels; 

• at least a 27% share of renewable energy consumption; 

• at least 30% improvement in energy efficiency
192

. 

Many important EU directives and regulations to promote energy efficiency have been implemented or 
are in the planning phase just before implementation. Furthermore, the EU Member States (MSs) have 
been very active in the area of energy efficiency at the national level by implementing many additional 
policies and measures. 

The Energy End-use Efficiency and Energy Services Directive
193

 (ESD) introduced the indicative 
energy saving target of 9% over a 9 year period 2008-2016. Each MS had to adopt an indicative target 
for end-use efficiency of at least 9%. The Directive introduced the framework of a National Energy 
Efficiency Action Plan (NEEAP) which each MS had to adopt in order to reach the 9% ESD energy 
saving target. At the time of the ESD adoption only a few MSs had the experience to prepare and 
adopt NEEAPs. Three NEEAPs were foreseen by the ESD, one in 2008, one in 2011 and a final one 
in 2014.  

                                           
190

 https://ec.europa.eu/info/strategy/european-semester/framework/europe-2020-strategy_en 
191

 Business as Usual scenario modelled with Primes in 2007 - http://www.energyplan.eu/othertools/national/primes/ 
192

 This new target has been decided during the last Energy Council (26 June 2017) 
193

 Directive 2006/32/EC 
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Given the somewhat slow progress by MSs in implementing energy efficiency policies to meet the 
2020 target, the Energy Efficiency Directive

194
 (EED) was adopted in December 2012 and repealed 

the previous ESD. The EED contains a set of binding measures such as: legal obligations to establish 
energy saving schemes in Member States

195
, public sector to lead by example, energy audits, energy 

services, energy efficiency funds, efficient CHP, metering and billing information, consumer behavior, 
etc. 

One of the key articles of the EED Directive is Article 7, introducing Energy Efficiency Obligation 
schemes (EEOSs) requiring distributors and/or retail energy sales companies to reach energy savings 
targets or use alternative policy measures to deliver a targeted amount of energy savings amongst 
final energy consumers. The energy savings to be achieved by EEOs shall be at least equivalent to 
achieving new savings each year from 1 January 2014 to 31 December 2020 of 1.5% of the annual 
energy sales to final consumers of all energy distributors or all retail energy sales companies by 
volume, averaged over the most recent three-year period [0]. 

Another important energy efficiency policy action at EU level has been the introduction of minimum 
efficiency requirements for products. The Eco-design Directive

196
 is the EU framework legislation that 

allows the introduction of energy efficiency requirements for energy related products such as 
residential appliances, lamps, consumer electronics, ICT equipment, etc. A number of implementing 
Regulations have been adopted introducing efficiency requirements for residential appliances (e.g. 
refrigerators, freezers, washing machines, dishwashers, etc.), lamps, televisions, air-conditioners, 
heaters and water heaters, power transformers and ventilation units among others

197
. Efficiency 

requirements have been complemented by mandatory energy labelling
198

 as established in the Energy 
Labelling Directive

199
. Energy labelling of residential equipment was first introduced in 1992

200
, with the 

first energy label introduced in 1994 for refrigerators. Energy label has contributed to enlarge the 
market for efficient appliances

201
 [1][16]. The combination of Eco-design and energy labelling has 

been successful in substantially improving energy efficiency of residential equipment and this result in 
energy savings compared to a business as usual scenario [2]. 

The main EU policy for both residential and non-residential buildings is the Energy Performance of 
Building Directive

202
 (EPBD) which was introduced firstly in 2002 and then recast in 2010

203
. Under 

this Directive, Member States shall implement at national level a set of measures regarding: energy 
performance certificates to be included in all advertisements for the sale or rental of buildings; regular 
inspections of heating and air-conditioning systems; all new buildings must be nearly zero-energy 
buildings by 31 December 2020 (new buildings occupied and owned by public authorities by 31 
December 2018); introduce a set of minimum energy performance requirements for new buildings, for 
the major renovation of buildings and for the replacement or retrofit of building elements (i.e. heating 
and cooling systems, roofs, walls, etc.), based on the cost optimal methodology introduced by the 
Directive; Member States have also to implement measures and other instruments of national financial 
incentives to improve the energy efficiency of buildings. 

This legislative framework, complemented by policies, programmes and measures implemented by the 
MSs, as described in the NEEAPs, is an important driver for the observed trends in energy 
consumption in the EU. Starting from this, this article focuses on other driving factors for residential 
energy consumption that may help in understanding the current trends. The EU general trends in 
primary and final consumption are also presented. 

                                           
194

 Directive 2012/27/EU 
195

 http://ec.europa.eu/energy/en/topics/energy-efficiency-directive/obligation-schemes-and-alternative-measures 
196

 Directive 2009/125/EC 
197

 For the updated list of the Regulations adopted and the products covered by efficiency requirements under the Eco-design 
see: https://ec.europa.eu/energy/sites/ener/files/documents/list_of_ecodesign_measures.pdf 

198
 For the updated list of the Regulations adopted and the products covered by energy labelling see: 

https://ec.europa.eu/energy/sites/ener/files/documents/list_of_enegy_labelling_measures.pdf 
199

 Directive 2010/30/EU 
200

 Directive 92/75/EEC 
201

 There is an on-going energy labelling directive revision process (see COM(2015) 341 final). 
202

 Directive 2002/91/EC 
203

 Directive 2010/31/EU 

https://ec.europa.eu/energy/sites/ener/files/documents/list_of_ecodesign_measures.pdf
https://ec.europa.eu/energy/sites/ener/files/documents/list_of_enegy_labelling_measures.pdf
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EU Primary and final energy consumption  

Primary energy consumption
204

 in the EU-28 declined from 1,614 Mtoe in 2000 to 1,505 Mtoe in 2014; 
representing a drop by 6.8% over the period (figure 1). The primary energy consumption registered an 
increasing trend from 2000 to 2006, reaching the maximum value over the analyzed period in 2006 
(1,709 Mtoe). In 2014, the EU primary energy consumption registered the lowest value over the 
analyzed period (1,505 Mtoe). The EU target values for 2020 for the primary energy are set at 1,483 
Mtoe, therefore, the actual gap to accomplish the target is 1.5% as per the data corresponding to 
2014. 

 

Figure 1: Primary energy consumption in the EU-28, 2000-2014. Source: Eurostat 

Looking at most representative energy indicators such as energy intensity
205

 and energy per capita, it 
can be observed that energy intensity declined from 0.17 to 0.11 toe/thousand Euro in the period 
2000-2014. In general, this reduction is due to several factors such as changes in the economic 
activity, structural changes in recent years in the overall economy and technological improvements, 
together with the positive impact of energy efficiency policies both at European and national level. 
Regarding energy per capita, it has decreased 0.3 toe/cap during the analysed period. It reached a 
maximum in 2006 (3.5 toe/cap). Both the European Union's population growth (Figure 2) and the 
gross inland energy consumption decrease have led to lower this indicator. 

 

Figure 2: Energy indicators for primary energy consumption: energy per capita and energy intensity
206

 in the EU-28, 
2000-2014. Source: Eurostat 

                                           
204

 Primary energy consumption covers the consumption of the energy sector, losses during transformation and distribution of 
energy, and the final consumption by end users. It excludes energy used for non-energy purposes. 

205
 Energy intensity is defined as the ratio between the primary energy consumption and Gross Domestic Product (GDP) 

calculated for a calendar year. 
206

 GDP values at market prices have been considered to calculate the energy intensity values reported in the graph. 
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In 2014 the total final energy consumption in EU-28 was 1,061Mtoe (Figure 3). This shows a decrease 
of 6.3% in comparison to year 2000, when the consumption was 1,133 Mtoe. Differentiating by MS 
groups, 84.4% (896 Mtoe) was consumed in EU-15 and 15.6% (165 Mtoe) in NMS-13

207
. The EU-15 

shows a decrease of 7.8% for the period 2000-2014. In contrast, NMS-13 increased their consumption 
by 2.4%, from 161 Mtoe to 165 Mtoe. 

 
Figure 3: Final energy consumption in the EU-28, 2000-2014. Source: Eurostat 

In 2014, the sector with the largest share of final energy consumption was the transport sector 
(33.22%). The industry sector was second, with 25.89%. Residential is third with the consumption 
reaching 24.80%  

Figure 4 shows the final energy consumption per sector from 2000 to 2014. The growth of energy 
consumption in the service sector, together with the decrease of industry sector consumption might be 
representative of an on-going tertiarization process in the EU. In 2014, the final energy consumption in 
the residential, industry and services sectors has decreased in comparison to year 2013. On the other 
hand, the transport sector has increased by 1.3%. 

 

Figure 4: Final energy consumption in the main sectors in the EU-28, 2000-2014. Source: Eurostat 

 

                                           
207

 The EU-15 comprises the following 15 countries: Austria, Belgium, Denmark, Finland, France, Germany, Greece, Ireland, 
Italy, Luxembourg, Netherlands, Portugal, Spain, Sweden, and United Kingdom. NMS-13 comprises the countries that joined the 
EU after April 2004: Bulgaria, Czech Republic, Estonia, Croatia, Cyprus, Latvia, Lithuania, Hungary, Malta, Poland, Romania, 
Slovenia, and Slovakia. 

 

1,133 1,061 

972 
896 

161 165 

0

200

400

600

800

1,000

1,200

1,400

2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014

E
n

e
r
g

y
 (

M
to

e
)
 

Final energy consumption in the EU-28 

EU-28 EU-15 NMS-13

334 
275 

345 
353 

291 
263 

121 
141 

100

150

200

250

300

350

400

2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014

E
n

e
r
g

y
 C

o
n

s
u

m
p

ti
o

n
 (

M
to

e
)
 

Final Energy Consumption in the EU-28 

Industry Transport Residential Services



 

583 
 

Energy Consumption and Energy Efficiency Trends in the Residential Sector 

The final residential energy consumption in the EU after reaching the maximum of 317 Mtoe in 2010 
has dropped to 263 Mtoe in 2014 (Figure 5). During the period 2000-2014, the final residential energy 
consumption in the EU-28 has dropped by -9.5%, from 291 Mtoe to 263 Mtoe. In 2014, 82% (216 
Mtoe) of the final energy consumption in the residential sector has been consumed in EU-15, whereas 
NMS-13 have accounted for the remainder 18% (48 Mtoe). Both countries groups have undergone a 
reduction of their residential consumptions during the analyzed period. 

 

Figure 5: Final residential energy consumption in the EU-28, 2000-2014. Source: Eurostat 

Per capita final energy consumption in the residential sector has decreased by 79 koe at EU level from 
2000 to 2014, representing a drop of 13.1%. The trend of this indicator mainly follows that of the final 
residential energy consumption as the population growth rate changes have been much lower than the 
energy consumption changes. Therefore, despite the fact that the EU-28 population has been 
continuously growing, its influence on the final residential energy consumption changes is quite 
limited. 

 

Figure 6: Final residential energy consumption per capita in the EU-28, 2000-2014. Source: Eurostat 
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Figure 7: Final residential energy consumption per capita by EU-28 Member State, comparison 2005, 2010 and 2014. 
Source: Eurostat 

When analyzing the final residential energy per capita by MSs one can observe that in 2014 the 
countries with the highest consumption were Finland with 0.93 toe/cap, followed by Luxembourg (0.87 
toe/cap) and Denmark (0.70 toe/cap). In contrast, Malta, Portugal and Bulgaria have the lowest rate 
with 0.17, 0.25 and 0.30 toe/cap respectively. The average EU-28 value has dropped by -16.8% in the 
period between 2005 and 2014 (from 0.624 toe/cap to 0.519 toe/cap). 

Half of the Member States, i.e. fourteen countries, have registered a per capita final energy 
consumption below the average of EU-28 (< 0.519 toe/cap) in 2014. Out of these countries, seven 
have mainly or solely Mediterranean climate (Malta, Portugal, Spain, Cyprus, Greece, Italy, and 
Croatia), indicating that the climate is an important driver of residential energy with the remaining 7 
countries belong to the group of NMS-13 (with lower GDP per capita).  

In 2014, the gas has accounted 35.0% (Figure 8) of the consumption followed by electrical energy 
(25.6%) and renewable energies (15.3%). The share of electricity includes electricity generated from 
renewable energy sources which are integrated into the electrical network therefore, the share of 
renewables mainly focuses on production of heat from renewable resources (biomass and 
geothermal). Both electricity and renewable have increased their share in the period 2000 to 2014. 

 

 

Figure 8: Share of fuel types to final residential energy consumption in the EU-28, 2000 and 2014. Source: Eurostat 

Factors influencing residential energy consumption 

When analyzing energy consumption, it is important to consider the influencing factors such as 
population growth, economic development and climate [2]. No quantitative analysis assessing the 
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individual influence of these factors is presented in this paper. Nevertheless, some explanations for 
the actual consumption patterns can be derived from comparing energy consumption trends with the 
trends of the following variables: population, GDP per capita, weather conditions (actual heating 
degree days), number of dwellings per country, average persons per dwelling. The influence of these 
factors can in principle help better understand the relation between energy consumption and efficiency 
policies and technology trends in the residential sector. 

 

Figure 9: Population in the EU-28, 2000-2014. Source: Eurostat 

Between 2000 and 2014 the population in the EU-28 grew by 4.12%. Despite this increase, in the 
same period the residential final energy consumption dropped by -10.9%.  

Another factor that can influence energy consumption is the economic development and economic 
situation of the countries. GDP per capita

208
 in the EU-28 has been increasing continuously between 

2000 and 2014 with a drop in GDP in 2009 due to the economic and financial crisis worldwide (Figure 
10). Compared to an increase of 32% in GDP per capita between 2000 and 2014, final residential 
energy consumption per capita fell by 14.5% in the same period. Given the large dispersion in GDP 
per capita in the EU-28 it is of interest to compare these data with average per capita energy 
consumption. 

 

Figure 10: Gross Domestic Product per capita at current market prices in the EU-28. Source: Eurostat 

As showed in Figure 11, Finland, Luxembourg and Denmark which are the countries with highest 
consumption per capita (Figure 7), also have above average GDP per capita. Higher GDP levels may 
indeed lead to buying more energy using equipment at home resulting in higher energy consumption. 

Economic development is positively correlated with total final energy consumption. However, 
especially in the residential sector the economic growth in the EU can be accompanied by a more 

                                           
208

 All GDP numbers are given in current prices as of the year 2014 (source: Eurostat) 
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efficient usage of energy as economic growth can also lead to more energy efficient equipment 
resulting in lower energy consumption levels. 

 

Figure 11: GDP per capita at current market prices in the EU-28, year 2014.  Source: Eurostat 

Although GDP is largely and traditionally used in energy statistics for obtaining key indicators such as 
energy intensity, the disposable income of households

209
 or adjusted gross disposable income can 

represent a more interesting economic indicator when focusing on residential energy consumption. 

Adjusted disposable income improves the comparison of income levels across countries by taking into 
account the different degrees of involvement of governments in the provision of free services to 
households [9]. Figure 12 shows the trend-line comparison of both adjusted disposable income per 
capita and GDP per capita for the 10-years period between 2005 and 2014. It can be observed that 
there is a notable difference between both variables; in 2014 the difference reaches EUR 6,691. Thus, 
although largely used, the GDP may turn into an unfavorable indicator for end-users in so far as it 
does not reflect the real purchasing power of the inhabitants. 

 

Figure 12: Adjusted disposable income per capita and GDP per capita at current market prices in the EU-28, 2005-2014. 
Source: Eurostat 

Per capita consumption is also influenced by the number of people living together in one household. 
Most of the energy-using equipment is indeed shared by the people living together in one household 
(e.g. heating and cooling equipment, major domestic appliances and electronic equipment), thus 
making higher occupancy households more energy efficient. The average number of persons per 
household in the EU-28 was 2.3 in the year 2014. Germany and Sweden have the lowest average 

                                           
209

 Disposable income of households may be defined as the net amount it is earned, or received as social transfers, during the 
accounting period excluding exceptional flows linked to capital transfers or changes in the volume/value of their assets 
minus current transfers in cash (taxes on income and wealth, etc.). It is mainly composed of wages received, revenues of 
the self-employed and net property income such as interest received on deposits minus interest paid on loans and 
dividends. Note that this indicator differs from PPP (Purchasing Power Parity). PPS tells us how many currency units a 
given quantity of goods and services costs in different countries and it is mainly used to eliminate the effect of price level 
differences across countries.  
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number of persons per household (2.0) and Croatia the highest (2.8), as showed by Figure 13. 
Luxembourg has the highest GDP per capita and also an above EU-28 average household size. The 
overall development in Europe is an expected increase in population accompanied by an increase in 
the number of smaller households (in terms of persons per household) which leads to an increase of 
energy consumption per household. 

 

Figure 13: Average number of people per household in the EU-28 Member States, 2014. Source: Eurostat 

Besides the number of people per household the actual size in square meters of household dwellings 
is another important indicator of the households' energy consumption. Large dwellings generally have 
a higher heating and cooling demand and higher consumption for lighting. Romania is one of the 
Member States with the largest average number of persons per household (2.7) but has the smallest 
dwellings average size. Cyprus, Luxembourg and Belgium are the Member States with the largest 
average size (see Figure 14). 
 

 
 
Figure 14: Average size of dwellings for countries with available data in the EU-28, year 2012. Source: Eurostat 

 

The average final residential energy consumption per dwelling in the EU-28 in the year 2014 reached 
1.21 toe. Luxembourg accounted the highest consumption (2.13 toe) and Malta (0.48 toe) the lowest 
(Figure 15). 
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Figure 15: Final residential energy consumption per dwelling in the EU-28, year 2014. Source: JRC calculation based 
on Eurostat data 

Weather and climatic conditions that energy consumption as for instance severity of winter or summer 
seasons can lead to occasional consumption peaks. The parameters which are related to the heating 
and cooling needs are the so-called heating degree day (HDD) and cooling degree day

210
 (CDD). 

The final residential energy consumption per dwelling has been decreasing during the 10-years period 
from 2005 to 2014 in the EU-28. In 2005 the residential consumption per dwelling was 1.58 toe. In 
2014, the consumption was 1.21 toe per dwelling, i.e. decreasing by 23.4%.  The final energy 
consumption per dwelling follows the HDDs with exception of year 2009 and 2013. This may indicate 
an existing correlation between the energy consumption per dwelling and climatic conditions (heating 
degree days) as shown in Figure 16.Those differences might be explained by the influence or other 
factors, notably in relation to income levels, building design, energy systems and behavioral aspects. 
For instance, in 2009 the economic crisis may explain the negative correlation between both variables 
(final energy consumption and HDD) as GDP per capita and disposable income fell that year (Figure  
10). 

 

Figure 16: Final residential energy consumption per dwelling and heating degree days in the EU-28, 2005-2014. Source: 
Eurostat 

The number of private households in the EU-28 has been continuously growing (Figure 17).  

                                           
210

 A degree-day is defined as the difference in temperature between the outdoor mean temperature over a 24-hour period and 
a given base temperature. Per definition, the base temperature is 18ºC. Thus, HDD and CDD are the number of degrees 
that a day's average temperature is below/above 18ºC which is the outside temperature below which buildings need to be 
heated or cooled [Source: EEA]. 
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Figure 17: Number of private households (in thousands) in the EU-28, 2005-2014. Source: Eurostat 

Between 2000 and 2013 the average size of dwelling did, however, not considerably change (increase 
by 5.2 sqm, 6.1%, in the whole period) Figure 18.  

 

Figure 18: Average energy per unit of area a year and floor size in the EU-28, 2000-2013. Source: Odyssee 

The average energy per unit of area at EU-28 level was 15.8 koe/m
2
 in 2013. This represents a drop 

by 21.4% which sets the lowest value along the analyzed period (2000-2013). It can be observed that 
the increase of average floor area helps reduce this indicator as it has grown during the same period. 
The influence of the weather conditions can be also appreciated if the heating degree days are 
compared with the residential energy consumption as already indicated in previous Figures. 

Figure 19 shows the correlation between the residential energy consumption per unit of area across 
the EU-28 Member States for the year 2013, and the mean heating degree days in each country over 
the period 1980-2015. To be noted that the average EU-28 level is very close to the median. In 2013, 
the Member States with the highest per area residential energy consumption were Estonia, Romania 
and Latvia (25.0 koe/m

2
), followed by Czech Republic (22.0 koe/m

2
) and Hungary (21 koe/m

2
). On the 

other hand, the Member States with the lowest values were Portugal (6 koe/m
2
), Cyprus (6.1 koe/m

2
) 

and Spain (8.8 koe/m
2
). There is a clear correlation between the two series.  
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Figure 19: Correlation between Residential energy consumption per household floor size (Source: Odyssee) and Mean 
Heating Degree days (1980-2015) (Source: Eurostat) 

Figure 20 shows the correlation between the residential energy consumption and the mentioned 
influencing factor (i.e. economic growth, climatic conditions and living conditions). The correlation 
shows a decreasing trend (by -49%) during the 14-years period comprised from 2000 to 2013. The 
changes in the trend may be explained by the influence of these factors. For instance, in 2007 a mild 
winter led to lower energy consumption and the rise of GDP/cap that year helped lower this indicator. 
The opposite occurred in 2009, despite the fact of not being a severe winter, the GDP reduction due to 
the impact of the financial and economic crisis made the value rise by 2.2% in comparison to the 
previous year. In the following year (2010), the GDP recovery and the high number of HDD made the 
value return to its overall decreasing trend. To be noted that, although the energy consumption and 
the HDD are positively correlated, the impact produced by the HDD is higher due to the larger range of 
their values. 

 
Figure 20: Residential energy per capita, normalized by HDD, GDP per capita and m

2
 per capita in the EU-28, 2000-2013. 

Source: Odyssee, Eurostat 

The decrease in consumption per dwelling during the same period can thus not be explained by 
smaller households or larger size, and it may be result of higher share of more efficient equipment and 
appliances, and other improvements in building characteristics, for example better building's 
envelopes. This is also confirmed by the fact that the size of houses in terms of persons per household 
has slightly decreased, the floor area has increased and the number of households has increased, 
while the final residential energy consumption follows a decreasing trend. 
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Discussion and Conclusions 

This paper describes and analyzes the energy consumption patterns in the EU-28 for the period 2000-
2014, with focus on the residential sector. Such analyses are important, as they can provide some 
preliminary indications regarding the impact and effectiveness of policies aiming at energy efficiency 
and energy savings in the EU. The results show that EU inland gross energy consumption, primary 
energy consumption and final energy consumption have declined from 2000

211
 by 7.15%, 6.76% and 

6.32% respectively. The breakdown into sectors shows that the largest decline of final energy 
consumption has been registered in the industry sector (-17.62%), in the residential sector there has 
been a remarkable decrease (-9.52%), in the transport sector there has been a slight increase 
(+2.21%) and the tertiary sector has grown the most (+16.48%). Energy indicators such as energy 
intensity of final energy (by 35.82%) and final energy per capita (by 10.02%) have been reduced over 
the analyzed period. 

The residential sector has registered a decrease in the final energy consumption by 9.52% in the 
period from 2000 to 2014. The residential energy consumption depends on many variables: heating 
degree days, population, GDP, number of dwellings, total floor area, efficiency level of the equipment 
and performance of the building. Different combinations of these variables were used in order to 
assess whether the residential energy consumption has declined even after these variables were 
considered. After correcting for population and for population and heating degree days together, there 
was still reduction in the residential consumption. The GDP is an important variable to consider as it 
has grown significantly over the covered period. Combinations of the effect of GDP per capita and 
HDD; energy consumption analysis per dwelling (per square meter); and residential consumption per 
capita, for HDD, GDP per capita and square meters all show similar results: the EU has registered a 
very gradual decline in the residential energy consumption from 2000 onwards. 
 
The main findings and conclusions regarding the residential energy consumption trends are the 
following: 

 In 2014, the residential final energy consumption has registered the lowest value since the 

year 1990. 

 The energy mix in the residential sector is mainly formed by gas (35%) and electricity (25.6%) 

consumption. 

 The final residential electricity consumption has grown (+9.4%) in the EU-28 during the 15-

years period 2000-2014. 

 The final residential gas consumption has dropped (-15.3%) between 2000 and 2014. 

 The residential sector was the third electricity consumer (29.01%) and the main gas consumer 

(40.20%) among the analyzed sectors in 2014. 

 The weather and climate conditions have an influence in the residential energy consumption. 

The results show that the colder the year the higher the energy consumption. There has been 

observed a positive correlation between the final energy consumption (also in the electricity 

and gas consumption specifically) and the Heating Degree Days. Nevertheless, correlation 

does not always mean causation as there are multiple affecting factors such as building 

characteristics (i.e. building envelope, insulation level, location, etc.) or social and cultural 

reasons (lifestyle, habits, etc.) among others.  

 In the EU, there has been observed a lowering trend in the size of the households in terms of 

persons per household over the analyzed period, which might lead to future increase of the 

residential energy consumption per capita values.  

 Energy consumption per household may be considered a reference parameter to compare 

and analyze the energy consumption trends at residential level. 

 Energy prices are rising in the European Union. Electricity has grown by 33% (up to EUR 

0.2078/kWh) and gas by 29.5%
212

 (up to EUR 0.0514/kWh) from the second semester 2008 to 

first semester 2015. 

                                           
211

 All growth rates refer to changes from 2000 to 2014, unless another period is specified. 
212

 It refers to the average European price for domestic consumers. Band DC (electricity) and band D2 (gas).  
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 The disposable income of households or adjusted gross disposable income can represent a 

more interesting economic indicator when focusing on residential energy consumption than 

using the GDP values. 

As indicated, this paper does not attribute a specific share of the energy reduction achieved to energy 
efficiency policies, for this more sophisticated methods must be used (decomposition analysis or 
econometric modelling). However it shows that even when residential energy consumption is 
normalized for the most important drivers described in the paper, the energy consumption is still 
declining, thus implying that energy efficiency policy must have contributed to these trends. One of the 
open questions is how much the economic crisis, which since 2009 has hit some MSs, has 
contributed. Finally the fact that the EU almost reached in 2014 its 2020 energy efficiency targets does 
not allow to reduce the policy effort at EU and MSs level in the remaining years, but policies shall be 
continued and reinforced, if we want to make sure that the 2020 and 2030 targets will be reached in 
2020 and 2030 respectively.  
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Abstract  

The ownership and usage patterns of consumer electronics continue to evolve rapidly, spurring the 

need for updated device-level energy use estimates. This report summarizes the preliminary findings 

of a comprehensive energy analysis of consumer electronics in U.S. homes for 2017. Twelve device 

categories were studied in depth. Using a bottom-up approach, we drew upon energy consumption 

studies, public measurement databases, power measurements, and manufacturer product 

specifications. To improve usage and ownership estimates for televisions, computers, monitors, and 

video game consoles, we fielded three U.S. telephone surveys. Based on the analysis, about 3.5 

billion devices in 119 million homes consumed 148 TWh.  

Introduction 

Consumer electronics are among the most dynamic energy end-uses in buildings. Relative to other 

end-uses, their characteristics typically change quickly due to product innovation, short product cycles 

and lifetimes, evolving usage patterns, and rapid technology adoption that can strongly influence 

device power draw [1-6]. Consequently, device characteristics have again changed appreciably since 

the last comprehensive evaluation (for the year 2013 [1]). Such rapid changes make it essential to 

routinely develop up-to-date and accurate energy assessments. If obsolete data are used to inform 

energy policymaking, for instance, the resulting programs could be less likely to achieve their end 

goals. Consequently, the Consumer Technology Association (CTA) commissioned Fraunhofer to 

perform this study
213

 to provide current, high-quality data to inform CE policy decisions.  

Methodology 

Calculation Methodology for Unit and Annual Energy Consumption 

We used the bottom-up approach shown in Figure 1 to evaluate the Annual Energy Consumption 

(AEC, in TWh or billion kWh) for most device categories. For a device category, AEC is equal to the 

product of its Installed Base (IB, millions of units) and its average Unit Energy Consumption (UEC, 

kWh/yr). The Installed Base represents the total number of devices in a category that were plugged in 

at least once during the previous month. Unit Energy Consumption represents the average annual 

energy consumption of a single device. We developed UEC estimates for each power mode based on 

the product of the Power Draw (W) and the Usage or average time spent per year in that mode 

(hours). The sum of the UEC over all modes equals the total device UEC. Prior studies describe this 

methodology in further detail [1-6].  

  

                                           
213

 Results presented in this report are preliminary. We expect any changes will be minor and will not affect the conclusions 
presented. For final values and more detail, see the final report [1]. 



 

595 
 

 

 

 

Figure 1: Calculation methodology example for device and total annual energy consumption. 

Installed Base 

For each product category, we defined the installed base as the total number of devices in U.S. homes 

that were plugged in sometime during the last month. This definition intentionally excludes devices that 

are owned but out of use, e.g., in storage. As a result, our installed base estimates may be lower than 

ownership values reported in other studies. Most installed base estimates came from market research 

(notably [7-8]), the CE Usage Survey (described below), and, to a lesser extent, sales data. To ensure 

that the CE Usage Survey questions about ownership did not capture devices in storage, we explicitly 

asked about devices that were plugged in during the previous month. Typically, the installed base 

estimates have the least uncertainty of any AEC component.  

Power Draw by Mode  

All consumer electronics have at least two basic operating modes (on and off), and many have others 

such as idle, standby, sleep, or charging. Power draw can also vary appreciably within a mode 

depending on actual usage, as with computer processor utilization scaling or brightness adjustments 

for displays. For each product category, we identified the most relevant power modes and developed 

estimates for the average or typical power draw (by mode) for the current installed base.  

Ideally, power draw estimates would be derived using recent measurements of devices from a large 

sample (hundreds or more) of demographically representative U.S. households. Unfortunately, the 

cost and effort required to perform such a study was beyond the scope of this project. Instead, we 

relied on several sources to estimate power draw by mode, including:  

 Energy consumption characterization studies 

 ENERGY STAR and California Energy Commission measurement databases 

 Voluntary agreements for set-top boxes (STBs) and small-network equipment (SNE) 

 Manufacturer product specifications 

 Measurements by CTA member companies  

 Targeted power measurements performed by Fraunhofer  

 

We consulted multiple sources for most product categories to increase confidence in power estimates. 

Further detail on how we developed power estimates for specific categories can be found in [1].  
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Usage by Mode 

Usage by mode is the most challenging aspect of UEC to quantify. For some products, we used field 

monitoring data to evaluate usage patterns, though few include large, random samples. To better 

characterize usage, we organized three phone surveys, each of 1,000 demographically representative 

U.S. households (henceforth referred to as the CE Usage Survey; more details in [1]). Respondents 

described the devices installed in their home and how they were used. Survey questions were 

developed by Fraunhofer in consultation with the CTA Market Research Team. Subsequently, we 

used category-specific models to estimate installed base and usage. The surveys focused on product 

categories with the highest energy consumption and/or greatest usage uncertainty (see Table 1), and 

were fielded in the spring of 2017 (see [1] for details). 

Categories Selected for In-Depth Study 

To make efficient use of project resources, we selected twelve priority categories where a more 

refined analysis would provide the greatest value (see Table 1). The selections, made in close 

consultation with CTA, were based on a preliminary AEC assessment of a larger list, favoring 

categories with higher AEC and higher uncertainty. We used these preliminary AEC estimates to 

characterize the products not selected for in-depth analysis. Fortunately, since relatively few 

categories account for the vast majority of all CE energy consumption, this approach has a minor 

effect on the accuracy of the total residential AEC. 

Findings 

We estimate that about 3.5 billion consumer electronic devices in 119 million homes [7] consumed 148 

TWh of electricity in 2017, representing 11% of all U.S. residential electricity consumption.
214

  

Table 1: Estimates of installed base, unit energy consumption (UEC), and  

annual energy consumption (AEC) for device categories studied in depth. 

DEVICE 
UNITS 

(millions) 

UEC 

(kWh/yr) 

AEC 

(TWh) 

% Total 

AEC 

Television* 284 118 34 23% 

Set-Top Box: Non-DVR 113 110 12 8% 

Set-Top Box: DVR 54 188 10 7% 

Set-Top Box: Thin Client 33 52 1.7 1% 

Set-Top Box: DTA Adapter 31 46 1.4 1% 

Sound Bar* 20 66 1.3 1% 

Video Game Console* 105 79 8.3 6% 

Desktop Computer* 72 258 18 12% 

Portable Computer* 122 51 7.9 5% 

Computer Monitor 101 73 7.3 5% 

Integrated Access Device 98 89 8.8 6% 

Routers  53 56 3.0 2% 

Broadband Modem 23 55 1.2 1% 

Other Devices 2,360 14 33 22% 

Total/Avg. 3,469 43 148 100% 

* included in CE Usage Survey 

                                           
214

 Based on residential site electricity consumption of 4.8 quadrillion Btu or 1400 TWh in 2017 [9].  
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Figure 2: Estimates for installed base, unit energy consumption, and  

annual energy consumption for device categories studied in depth. 

Three product categories, televisions, computers (including monitors and computer speakers), and 

set-top boxes
215

 together accounted for about 60% of consumer electronics electricity consumption. 

Device-level results for Installed Base (IB), Unit Energy Consumption (UEC), and Annual Energy 

Consumption (AEC) are summarized in Table 1 and Figure 2.  

Though the devices we studied in-depth represent about one third of all installed consumer 

electronics, they comprise nearly 80% of the total annual energy consumption. Average usage and 

power draw by mode estimates are shown in Table 2 for the categories evaluated in depth. The UEC 

breakdown by mode is shown in Figure 3. For more details about specific modes of device categories, 

see [1].  

Residential consumer electronics electricity consumption was about 11% lower in 2016 than in 2013 

[1]. The following sections describe key changes within three top device categories – televisions, 

computers, and set-top boxes – that led to this decline. 

Table 2: Usage and power draw by mode for device categories studied in more detail. 

 POWER DRAW (W)  USAGE (h/day) 

DEVICE ACT IDLE SLEEP OFF  ACT IDLE SLEEP OFF 

Television 74 - - 0.9  3.9 - - 20.1 
STB: Non-DVR 22 - - 20  11.7 - - 12.3 
STB: DVR 13 - - 12  11.7 - - 12.3 
STB: Thin Client 7 - - 6  11.7 - - 12.3 
STB: DTA Adapter 5 - - 5  24.0 - - - 
Sound Bar 14 9 - 5.0  4.4 5.7 - 13.9 
Video Game 56 52 - 3.2  1.5 0.6 - 21.9 
          
Desktop Computer 85 59 2.7 1.2  4.6 4.8 7.1 7.5 
Portable Computer 22 11 0.7 0.3  3.7 3.0 7.7 9.5 
Computer Monitor 30 - 0.8 0.5  5.5 - 9.8 8.8 
Integrated Modem 11 - - 1.5  21.4 - - 2.6 
Router 7 - - 1.0  21.4 - - 2.6 
Broadband Modem 7 - - 0.1  21.4 - - 2.6 
Note: Power values for STBs calculated based on modeled UEC values and assumption of 24/7 operation. 

                                           
215

 Including standalone DVRs, streaming media players, and over-the-air DTA adapters, not shown here. 
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Figure 3: Unit electricity consumption (total and percentage) for categories evaluated in depth. 

 

 

Televisions 

Since at least 2006, televisions have been the largest fraction of overall consumer electronics energy 

use [1]. Today that fraction is nearly one quarter. From 2013 to 2017, the number of installed TVs fell 

by about 17 million units (5%), continuing the trend since 2009. At the same time, average power 

draw, and therefore unit energy consumption has also declined, primarily as older CRT TVs have 

apparently been retired and replaced by newer, more efficient displays. Plasma displays have also 

ceased to be manufactured for U.S. markets in recent years, and virtually all display sold today are 

LCDs. As a result, the annual energy consumption of televisions has approximately halved since 2010. 

This sharp declining trend in UEC and AEC trend is unlikely to continue for much longer, as we 

estimate there are only about 21 million CRTs remaining in service.   

   

Figure 4: Television installed base, UEC, and AEC trends. 
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Figure 5: Television type and screen size trends. 

Newer displays are getting larger, with higher resolution and more features, yet active-mode power 

density (per screen area) has continued to improve [10]. Active-mode power draw of the installed base 

declined from about 90 W to 74 W (18%) from 2013 to 2017, even while average screen size 

continues to increase (38 inches in 2017, 34 in 2013, 29 in 2010, and 26 in 2006). A key area of 

uncertainty remains about specific viewing modes that consumers use, and in particular TV brightness 

settings.  

Passive standby-mode power draw has remained consistently below 1 W. Network-connected standby 

modes for smart TVs can draw significantly more power – on the order of 10 W – when enabled [10]. 

This could add about 74 kWh to the UEC (+63%). By default, many televisions do not maintain 

network connections when the TV is off, however users can change the settings to keep their TV 

connected and ready. Internet-enabled smart televisions were installed in half of all TV households 

(CTA O&M 2016), and half of those homes had at least one smart TV enabled and connected (Nielsen 

2016). This means there were at least 28 million network-connected TVs, and if half of those 

maintained connections all the time, this could add up to 1 TWh to the AEC. Further study is needed to 

better understand how people use these modes, especially as connected TVs become increasingly 

common. 

  

0

100

200

300

LCD/LED PDP CRT Proj.

2010

2013

2017-raw

2017-adj

TVs (millions) 

0%

10%

20%

30%
2010 2013 2017

Screen Size (in.) 



 

600 
 

Set-top Boxes  

Set-top boxes (STBs) receive and decode signals for playback on televisions. This section focuses on 

STBs used to receive traditional subscription TV services, such as cable, satellite, and telco 

providers.
216

 We estimate that since 2013, STB energy use has declined by about 15% to 26 TWh in 

2016.  

Through a voluntary agreement (VA), the STB industry has committed to meeting more efficient 

energy standards for newly procured units. As part of the VA, signatories agreed to improve STB 

efficiency through deployment of Light Sleep Mode for existing cable STBs, Automatic Power Down for 

satellite STBs, Whole Home Systems making available thin-client architectures so not all STBs in a 

home require a DVR to play back recorded content, and Next-Generation Power Management that are 

compatible with cable system architectures. Annual reporting requirements document the progress, 

including independent power and energy measurements of equipment, and sales-weighted category-

specific UEC values of products shipped. Results from these reports were used to develop new 

estimates in favor of the traditional bottom-up approach based on hours of usage and power by mode.  

The recent decline in AEC was driven mainly by reductions in UEC values. Energy breakdowns, 

shown in Figure 6, indicate that in recent years, DVR, non-DVR, and thin-client devices have each 

become more efficient, although standby power remains similar to on-mode power draw for most units 

(see Figure 7). Thin-clients have apparently displaced some fully functional STBs, resulting in a lower 

overall category AEC. Based on the VA annual reporting [11], about 40 million new STBs enter the 

market each year with about the same number being displaced. As newer, more efficient devices 

continue to displace the older, less efficient stock, UEC is expected to continue to decline.  

Figure 6: Set-top box installed base (IB), unit energy consumption (UEC), and 

annual energy consumption (AEC) by type. 

 

 
Figure 7: Set-top box power draw, models shipped 2013-2015. 

                                           
216

 Excluded from these estimates are standalone STBs, such as personal DVRs, digital streaming media devices, and digital-
to-analog adapters for receiving over-the-air broadcasts.  
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Computers 

We evaluated both desktop and portable computers in this assessment. Desktops include towers and 

all-in-one models, while portables include laptop and notebook computers. Tablets and netbooks were 

excluded. Overall, computers used about 26 TWh, about 24% more than our estimate in 2013 

(desktops 18 TWh, portables 8 TWh; see Figure 8). This was due to several factors moving in different 

directions.  

First, the installed base continued to trend lower for desktops and higher for portables. Desktops 

declined by about 16 million (18%) while portables increased by about 29 million (31%). While the 

number of desktops fell, the active usage per unit apparently increased slightly. The shift towards 

portable computers tends to reduce overall computer AEC.  

Second, the average power draw of desktops has not changed much since 2013. Estimates for active 

mode power draw increased by about 15% for desktops, mainly because of model refinements that 

account for the difference between real-world power draw relative to the as-measured ENERGY-STAR 

test values. Portable active power decreased by about 40%. Estimates for sleep and off modes 

decreased slightly for both categories due to efficiency improvements.  

Third, differences in usage from prior estimates were driven primarily by modeling refinements. For 

desktops, these usage differences caused about half the increase in prior UEC estimates, with the 

remainder coming from higher active mode power draw. UEC for portables decreased slightly, mainly 

because of the decline in active mode power draw. Survey-based usage estimates carry appreciable 

uncertainty for computers, owing to questionable recall and incomplete responses.  

 

Figure 8: Computer installed base, UEC, and AEC trends. 

Power management has a strong influence on computer usage. Based on the CE Usage Survey, we 

estimated the portion of people engaging in both manual power management routines and automatic 

power management settings. Specifically, we asked people what transpired on a recent day when they 

were the first person to use their computer. Results in Figure 9 indicate that a majority of desktops and 

most portables spend the night in standby or off/hibernate. By studying computers that were reportedly 

always left on overnight, we could infer the approximate enable-rate of automatic power management 

settings, shown in Figure 5. We used these values to refine usage models for computers and 

monitors.  
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Figure 9. Power state of computers just prior to the first usage session of the day. 

 
Figure 10. Automatic power management setting prevalence of computers. 

(based on computers that were always left on overnight) 

We also asked about actions people took when they finished using the computer for a given session to 

infer manual power management routines. More than half of computers were reportedly shut off at 

night, which has the most impact on usage (see Figure 11).  

 After someone completes a session, how often is the computer… 

 left ON during the DAYTIME? 

  

 put into STANDBY or SLEEP mode during the DAYTIME? 

  

 turned OFF or SHUT DOWN during the DAYTIME? 

  

 turned OFF or SHUT DOWN at NIGHT? 

  

  
Figure 11. Manual power management behaviors of computers. 
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Conclusions 

We evaluated the annual energy consumed by consumer electronics in U.S. homes for 2017 using a 

bottom-up approach, developing estimates for installed base, power draw, and usage by mode. 

Installed base estimates were primarily based on market research studies and the CE Usage Survey. 

Power draw estimates came from a wider range of sources, including field measurements, energy 

consumption characterization studies, ENERGY STAR measurement databases, manufacturer 

product specifications, and targeted power measurements by Fraunhofer. Usage estimates were 

largely derived from three telephone surveys, each of 1,000 demographically representative U.S. 

households.  

We found that about 3.5 billion devices consumed 148 TWh in 2017, representing about 11% of U.S. 

household electricity use. This estimate is about 11% lower than in 2013. Televisions, computers, and 

set-top boxes collectively accounted for about 60% the energy consumed. Relative to 2013, the 

annual electricity consumption (AEC) of televisions has decreased by about one third, stemming from 

the continued reduction in older CRTs and contributing most to the overall decline.  
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Abstract217 

Home energy management systems (HEMS) are a growing sector in the modern era of the smart grid 
and smart homes. DOE reports indicate that 41% of U.S. energy consumption is by the building sector 
which indicates the importance of improving the energy consumption of buildings[1]. HEMS can 
provide value to the homeowner and the utility by saving money and energy by providing a mixture of 
control, scheduling, and user information. HEMS can monitor the energy consumption of the home 
residents to help them adapt their energy usage behavior based on the feedback they receive from the 
system. HEMS can also support utility demand-response (DR) programs and reduce peak demand. 
The system can receive DR signals from the utility and create schedules based on the signals, the 
system goals, and the homeowner’s priorities [2]. 

One of the requirements of HEMS is to improve the energy consumption in homes and buildings which 
require specific capabilities. The system should be capable of communicating with the various home 
devices for monitoring and control. The system should also be capable of external communication with 
the local utility for receiving DR signals. The system needs some intelligence to be able to analyze 
data such as energy consumption and provide feedbacks to homeowners. It also should create 
schedules based on energy consumption behavior, system goals, users’ priorities, and utility DR 
signals. Due to the nature of the HEMS capabilities and communications in a building or residence, 
cybersecurity must also be a capability. 

The integration of home devices with HEMS does present some challenges, and it requires 
collaboration from homeowners, utilities, and industries. Homeowners need a better awareness of the 
energy consumption and its effect on the environment. Utilities should provide necessary and useful 
information to the homeowner. The commercial home devices must offer the proper communications 
and functionality. Since each device supports specific communication protocol, HEMS should be able 
to facilitate the communication between different devices. Smart grids can provide the energy 
consumption in different time granularities, and the system will end up with a tremendous amount of 
data that needs to be managed and analyzed. Smart and efficient machine learning based algorithms 
need to be developed to understand the pattern of energy consumption of the homeowners and make 
an adjustment to save energy and reduce peak demand. 

In this paper, the required specifications of HEMS are described, and the challenges in this area are 
discussed. Different open-source and proprietary HEMS available in the market are explained and 
compared. In the end, open challenges and desired capabilities for HEMS are discussed. 

HEMS Required Specifications 

The main goal of HEMS is to improve energy efficiency in homes and buildings. Additional goals may 
include electric utility benefits, such as controlling energy usage to reduce peak demand and support 
load shifting. To achieve these goals, HEMS needs to support specific capabilities and features 
explained below and illustrated in Figure 1. 
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1. Device Monitoring and Control: HEMS need to be able to monitor and control different devices 
and appliances in a home. Device information can be available to the user via either a web 
interface or phone/tablet application. In its simplest form, device control should be available to the 
user manually. If the management system supports smart scheduling, control can be automatic. 
Moreover, control of devices can be remote or local. 

2. Seamless Communication between Devices: HEMS provide communication between different 
devices. Each device may operate on a different communication technology, such as Wi-Fi, 
ZigBee, Z-Wave, CTA-2045 and others. The system should be capable of providing a way to 
support communication between different devices regardless of their supporting communication 
protocol. 

3. Demand Response: The basic requirement of the system for supporting DR is the ability to 
receive DR signals from a utility. For better DR support, information for multiple homes in a 
community needs to be available, and the system needs to be able to use an optimization method 
to intelligently respond to DR signals and allocate resources to the homes efficiently. 

4. Intelligence: Most homeowners do not have any visibility or understanding of their energy usage, 
so they may not be able to make appropriate decisions to reduce consumption. It would be 
beneficial for the HEMS to provide feedback to the user and make some automatic adjustments if 
allowed by the user. To achieve the energy-saving goal of HEMS, smart scheduling and 
optimization algorithms need to be incorporated into the systems. 

5. Data Management: In the smart grid era, information regarding energy usage can be provided at 
different granularities from a wide variety of devices. HEMS should be capable of handling very 
large amounts of data efficiently. 

6. Security and Privacy: HEMS carry a lot of information regarding residents’ energy usage 
patterns and daily schedules. All this information needs to be encrypted and secure, as does 
communication between various devices and HEMS. 

 Figure 1 - HEMS Services Visualization 
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Available HEMS 

Much research has been conducted on HEMS, and many HEMS have been developed with different 
capabilities [3][4][5][6][7]. This section compares and discusses some various types of HEMS and 
some of the key feature each of them supports. 

Open-Source HEMS 

Many open-source HEMS are available, and in this section, some of them along with their key 
supported features are discussed. Since these systems are open-source, they can be available to 
many users at little or no cost. Also, different vendors can develop their interfaces so their devices can 
be supported by the system. Other developers and researchers can also add different functionalities to 
the HEMS. One drawback for open-source HEMS is that they could be difficult for a non-technical user 
to deploy and use.  

Building Energy Management Open-Source Software (BEMOSS) (http://www.bemoss.org/). 
BEMOSS is an open-source building energy management (BEM) platform implemented in Python and 
is built on top of VOLTTRON [8]. It aims to improve energy efficiency, to optimize electricity usage, 
and to aid DR implementation in small-and-medium-size commercial buildings [9].  

BEMOSS is a multi-agent system. The BEMOSS agents, which are developed in VOLTTRON, are 
device discovery, control, sensor, and cloud. Device discovery detects devices; after detecting a new 
device, it launches a control agent and a sensor agent. The former controls and monitors the devices 
and the latter communicates with the sensors. The cloud agent communicates with the Internet 
"cloud.” BEMOSS has been integrated with the cloud to receive signals via OpenADR. It is also 
integrated with IFTTT (If This Then That)[10] to allow alarms and notifications [11]. 

WattDepot (http://wattdepot.org/) is an open-source service-oriented framework implemented in Java 
for energy management systems [12].It provides energy data collection, storage, analysis, and 
visualization and consists of sensors, servers, and clients. WattDepot sensors are small software 
processes that query any energy device and send its data to a server using the RESTful WattDepot 
API over HTTP. It is designed to collect data from a wide range of locations using the Internet. 
WattDepot servers accept data from sensors and send them to clients. WattDepot clients request data 
from the server and display or analyze them. 

Home Assistant (https://home-assistant.io/) is an open-source home automation platform which can 
monitor and control devices. It can also support some automation based on user preferences using 
different sensors.   

Honda’s Smart Home (http://www.hondasmarthome.com/) is an open-source HEMS that works in 
dwellings that were built to be smart homes, rather than by adding gadgets to a conventional 
residence. It can monitor, control, and optimize the electricity consumption and generation of the 
house. Its energy management tools are integrated with the smart grid to respond properly to DR. 

Neurio Home Energy Monitor (http://neur.io/iem/) is an open platform that can be used to monitor 
both energy consumption and energy generation by solar panels. It can identify the “energy hogs” in a 
house. It can also inform the user what devices are on/off. 

Wink Hub 2 (http://www.wink.com/) is an open platform that can be used to monitor and control smart 
devices. It also provides a secure RESTful API. Each request to the API needs to be authenticated 
using a bearer token.  

EmonCMS (https://emoncms.org/) is an open-source web application for logging, processing, and 

visualizing energy usage and solar generation. 

Open Energy Management (OGEMA) (http://www.ogema.org/) is an open-source platform which can 
be used to monitor and control devices. It provides a web user interface for easy interaction with the 
user. It can also provide visualization of energy consumption.  

Open Energy Monitor (https://openenergymonitor.org/) is an open-source software system that 
provides information and visualization about the energy consumption of the house and energy 
generation by solar PV. 

http://www.bemoss.org/
http://wattdepot.org/
https://home-assistant.io/
http://www.hondasmarthome.com/
http://neur.io/iem/
http://www.wink.com/
https://emoncms.org/
http://www.ogema.org/
https://openenergymonitor.org/
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The following are other open-source development platforms and technologies that can aid in designing 
home automation systems: 

Open remote (http://www.openremote.com/) is an open-source platform that helps to connect all 
types of devices with different communication technologies. It can be used to develop different 
interfaces for controlling devices remotely using smartphones or tablets. 

OpenHAB (http://www.openhab.org/) is an open-source building automation software, which can run 
on any device with a JVM (Java virtual machine). It helps to integrate different home automation 
technologies. It can be used for monitoring and controlling different devices, and it provides a graph 
for energy history. By using OpenHAB-designer, developers can design their user interfaces. 

Freedomotic (http://freedomotic.com/) is an open-source development framework that can be used to 

develop smart spaces and can be integrated with popular automation technologies. 

Power Matcher Suit (http://flexiblepower.github.io/) is an open-source platform implemented in Java. 
It contains two platforms: (1) Energy Flexibility Platform & Interface (http://flexible-energy.eu/), which is 
an operating system that facilities communication between various smart appliances and the smart 
grid [13]. (2) PowerMatcher, which is an energy coordination mechanism for the smart grid that 
facilitates the implementation of scalable smart grids. 

Proprietary HEMS 

This section discusses other energy management systems that are available in the market or have 
been introduced by researchers. First, the HEMS introduced by researchers and the key features 
supported by them are discussed and then HEMS that are available in the market will be mentioned. 

Pervasive Service-Oriented Networks (PERSON) is a low-cost, low-power energy management 
system [14]. It uses ZigBee as the underlying communication protocol and ZigBee-enabled actors 
such as power meters, power outlets, and sensors. The home gateway and control center is used to 
handle data collection, storage, and transmission. It also supports monitoring, control, and smart 
decision making.  

PERSON has a three-layer structure. The heterogeneous network platform tries to build a 
homogenous network for data flow. It provides a simple API to the upper layer for information 
exchange. The underlying communication protocol and media are transparent to the upper layer. 
Service-oriented network (SON) tries to abstract the functionalities provided by actors into services. It 
has two kinds of services: a service provider, which creates services and decides what services to 
offer, and a service customer, which discovers services available on the network and binds to the 
service provider. A context-aware intelligent algorithm, by which the services provided by SON, is 
used for control purposes and for optimizing the system performance.  

EnergySniffer is a multi-sensing framework that can estimate the energy consumption of appliances 
[15]. It uses the data from multiple sensors on a smartphone to create a unique fingerprint profile of 
each appliance. To build this profile, a machine learning algorithm is used by which the acoustic 
features of machines first are extracted. Then a model is generated for each of the machines, and 
finally, each machine can be detected using the generated models. This framework requires no new 
hardware, and the application updating feature on smartphones can be used to update it. 

VirifiScope is a system that monitors energy consumption [16]. It estimates consumption in real-time 
using sensors placed close to appliances and using a machine learning algorithm which learns and 
estimates the energy consumption of the appliances and calibrates the sensors. There is no need for 
external calibration of the sensors.  

Handy Feedback: This system is a mobile phone application that can measure and monitor the 
energy consumption of appliances using data collected by a smart meter [17]. The application can be 
downloaded from the internet. It provides energy usage, historical usage, live visualization of energy 
consumption, and measurements. The user can monitor energy remotely in almost real time. The 
application is connected to a smart meter through an information gateway that retrieves data from the 
smart meter and stores them in an SQL database. The gateway’s functionality is available through a 
web server as well.  

http://www.openremote.com/
http://www.openhab.org/
http://freedomotic.com/
http://flexiblepower.github.io/
http://flexible-energy.eu/
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NOBEL is a European project that is used for energy monitoring, billing, notifications, information 
services, and the best deployment of renewable energy [18]. Since all these services are provided in 
the cloud, it can be hosted on different servers and is accessible from anywhere using mobile devices. 
The goal is to provide users the best possible services and predict their behavior based on the 
information available on their smartphones. Moreover, simulations of what-if scenarios are available to 
users to help them make decisions regarding their power usage. Another goal of NOBEL is active DR.  

Adaptive Living Interface System (ALIS) is a distributed system of interfaces and visualization tools 
that can make users aware of patterns of energy use [19]. It tries to address issues using visualization 
tools to provide useful feedback and advice to users to help them make appropriate decisions 
regarding their energy consumption and help them achieve their goals. It provides users with feedback 
regarding home energy consumption, visualizations of energy consumption, comparisons of their 
energy usage and energy conservation techniques with those of other users in the community, and 
numerical financial data. It is also integrated with social networks to encourage competition. It was 
developed to provide information regarding the energy consumption and production of net-zero solar-
powered homes.  

The HEMS that are currently available in the market are Google Home 
(https://madeby.google.com/home/), DreamWatts (http://www.makadenergy.com/), Apple HomeKit 
(http://www.apple.com/ios/home/), Insteon HomeKit (http://www.insteon.com/insteon-hub-homekit, Iris 
Home Smart Kit (https://www.irisbylowes.com/), TED Pro Home Energy Monitor 
(https://www.theenergydetective.com/tedprohome.html), Rainforest EMU-r Energy Monitoring Unit 
(https://rainforestautomation.com), Samsung’s SmartThings Hub (https://www.smartthings.com/how-it-
works), Amazon Echo and Control 4 ALEXA (https://www.control4.com/), Nest (https://nest.com/), 
Wiser Air smart thermostats (https://www.wiserair.com/), and Savant (https://www.savant.com/). 

All currently available HEMS are capable of monitoring and controlling compatible smart devices. 
These HEMS usually provide a user- friendly application and are easy to deploy since the software is 
already installed on the hardware. A few of these systems provide some home automation based on 
user preferences. Some can learn about user’s energy consumption behavior and create schedules 
based on this information. Some provide visualization for energy consumption and can provide 
feedback and recommendation to the user. Some can be registered with a smart meter and can 
monitor home energy usage and find energy hogs.  

HEMS Comparison 

Besides the HEMS described in previous sections, there are other energy management systems that 
are not available in the United States, such as DigitalSTORM, e-GOTHAM, Energy Team, 
SMARTHEMS, and The Energy Navigator [3]. A comparison of the open- source and propriety HEMS 
that are currently available is found in Table 1.  

Most available HEMS support monitoring and controlling only compatible and vendor-specific devices. 
The compatible devices vary based on the selected home automation system. Each of these devices 
supports specific communication protocol. The most popular communication technologies are Wi-Fi, 
ZigBee, and Z-wave. Most of the available HEMS do not support any sophisticated cybersecurity 
techniques. Also, among all HEMS discussed, a very few support DR and are capable of helping the 
utility to reduce peak demand. Most of the available HEMS don’t support any home automation or 
intelligence to adjust the energy consumption based on user preferences and system goal. 

For the open-source HEMS, they are usually time-consuming and hard to deploy for a non-technical 
user. Also, many of them require additional hardware piece such as a Raspberry Pi, which many users 
are not familiar with. The advantage of open-source HEMS is that other vendors, researchers, and 
developers can add support for new devices, for not supported communication protocols, for home 
automation techniques, and for other missing capabilities.  

For propriety HEMS, they are usually easy to deploy, provide a user- friendly application, and support 
basic security. Very few of these systems support simple home automation, and most of them don't 
support DR. These systems can be costly to deploy, and some may require extensive installation. 
Also, the user can only use the vendor supported devices. For this category of HEMS, supporting new 
features and new devices depends on the vendors’ decision. 

 

https://madeby.google.com/home/
http://www.makadenergy.com/
http://www.apple.com/ios/home/
http://www.insteon.com/insteon-hub-homekit
https://www.irisbylowes.com/
https://www.theenergydetective.com/tedprohome.html
https://rainforestautomation.com/
https://www.smartthings.com/how-it-works
https://www.smartthings.com/how-it-works
https://www.control4.com/
https://nest.com/
https://www.wiserair.com/
https://www.savant.com/
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Table 46- HEMS Comparison 

HEMS 
Specification 

Open- Source HEMS Proprietary HEMS 

Device monitoring 
and control 

 Support specific devices 

 Developers can add new 
devices, but it wouldn’t be 
straightforward 

 Support specific devices 

 Supporting new devices 
depends on the vendor 

Seamless 
communication 
between devices 

 Supports specific communication 
protocol 

 Supporting new protocols is 
possible but not straightforward 

 Supports specific communication 
protocol 

 Supporting new protocols is 
depending on the vendor 

Supporting Demand 
Response(DR) 

 Very few provide support for DR 

 Researchers/developers can 
add the capability 

 Very few provide support for DR 

 Supporting DR depends on the 
vendor 

Intelligence  Some support simple home 
automation 

 Most don’t support intelligence 

 Researchers/developers can 
add the capability 

 Some support simple home 
automation 

 Very few support intelligence 

 Supporting intelligence depends 
on the vendor 

Data Management  Doesn’t support this 

 Researchers/developers can 
add the capability 

 Some work on it for consumer 
behavior 

 Supporting this capability 
depends on the vendor 

Cyber Security  Some support basic security 

 Researchers/developers can 
add cybersecurity features to the 
system 

 Support basic security 

 Supporting additional security 
depend on the vendor 

Easy Deployment  Extremely hard for average user  Most are easy to deploy 

 Some require extensive 
installation 

User- Friendly  Not user-friendly for an average 
user 

 Provides user- friendly UI 

 

HEMS Challenges 

The main task of HEMS is to provide energy usage monitoring and control to their users. To do so, 
HEMS should be able to provide seamless communication among different smart devices and sensors 
that are running different communication technologies [20]. To design a robust and flexible networking 
infrastructure, the characteristics and requirements of each of these technologies must be understood 
[21]. 

For wired communication, IEEE802.3 [22] and HomePlug Green PHY [23] are the leading 
communication standards. ZigBee [24], Z-Wave [25], and Wi-Fi are the leading technologies for 
wireless communication [26]. ZigBee is a low-power, low-cost wireless mesh standard with a low data 
rate. Z-Wave, the most popular home automation protocol, is another secure and reliable wireless 
communication protocol. Wi-Fi HaLow [27] is a low-power, high-range, secure wireless communication 
standard that can be used in devices that incorporate IEEE 802.11ah. Other new communication 
technologies have been introduced for connected homes, such as Google Thread [28], which is a 
simple, secure, and scalable mesh network developed for connecting devices in a home. 

In HEMS, various smart devices, appliances, sensors, and smart grid services are connected to one 
another and communicate large amounts of information. The information and the applications used by 
these systems need to be protected and secured, and this leads to cybersecurity challenge of 
developing HEMS. 

Supporting DR is another challenge and requires a high level of coordination between utility 
companies, HEMS vendors, and users. Applications on the customer side should be able to receive 
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and send signals from the smart grid. Smart algorithms need to be developed to reduce peak demand, 
to support load shifting, and to coordinate between energy use and consumption. Also, much 
coordination and monitoring among different buildings in a community are required. These 
requirements lead to the scalability challenges of HEMS. Smart grids can provide information 
regarding energy consumption at different levels of time granularity. To be able to make smart 
decisions and analyze the data for each house in the community, HEMS must be able to efficiently 
manage the tremendous amounts of data provides by the smart grid and other entities in involve 
HEMS. 

Conclusion 

The application of HEMS is growing in the era of smart grids and smart homes. Significant amounts of 
energy are consumed by dwellings, showing the importance of improving energy efficiency in 
residential buildings. HEMS are primarily intended to save energy by providing information to users 
regarding energy consumption and helping them adapt their energy use behavior based on the 
feedback they receive from the HEMS. 

In this review, the desired capabilities and expected challenges for HEMS were identified and 
discussed. HEMS need to be able to monitor and control devices regardless of their communication 
protocols. They also need to support DR which requires significant coordination and collaboration 
between HEMS vendors and utilities. These systems need to include some intelligence to provide 
feedback to users and help them save money and energy by adapting their energy consumption 
behavior. HEMS also should keep users' information secure. Because of the tremendous amount of 
data communicated between devices, HEMS, and smart grid, these systems should be capable of 
storing and retrieving this data efficiently. 

Even though a variety of different energy management systems have been introduced to the market, 
they are not being used by many homeowners. Open- source HEMS are hard to deploy for most users 
and the cost associated with proprietary HEMS doesn’t justify the energy saving for most users 
especially since most management systems do not support any intelligence.  Available HEMS are 
capable of monitoring and controlling certain devices. However, they can support only devices with 
certain types of communication protocols, and they generally cannot use the information they receive 
regarding users’ energy consumption to save energy. They also lack DR support and sophisticated 
cyber security. Most available HEMS are not easy to deploy, and some even require extensive 
installation by an expert. 

In order to have HEMS largely be used by homeowners in the smart grid era, there is a need for an 
open- source energy management system which is easy to deploy and use by any user with any level 
of technical background. The system should provide support for a wide range of smart devices running 
different communication protocols so users can communicate with any smart device of their choice. 
The system should also be able to handle all the information being communicated in a secure fashion. 
Moreover, to better support DR and reduce the energy cost while satisfying the user comfort level, 
intelligence algorithms should be incorporated in the system Since the system is open- source, if there 
is a need for supporting a new smart device, a new communication protocol, or a desired capabilities, 
other developers and vendors can add support for that feature in the system. 
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Abstract 

Within the Home Energy Management (HEM) space, there are a variety of stakeholders who are 
integral to technology development and end user adoption. While there has been an increased 
emphasis on integrating customer research and perspectives, less work in this field has incorporated 
these various stakeholders and their perspectives. In order to understand the emerging HEM market 
and fully realize its potential for demand side management, a deeper understanding of the various 
stakeholders and their respective roles is required. This paper leverages three methods of stakeholder 
analysis (Delphi, online survey, and semi-structured interviews) to synthesize and discuss 
perspectives on HEM technology. Findings both reveal implications for the HEM space and present an 
exemplar methodology that can be used in other areas within the energy sector.  

Introduction 

Home energy management (HEM) technology has been evolving rapidly, from individual products that 
provide households with energy consumption information to integrated systems that control connected 
appliances via sensing, communication, and actuation components in household devices. As more 
and more connected products and systems emerge – combined with continued smart grid 
infrastructure development – wide-reaching opportunities are increasingly available for leveraging 
real-time information and control of energy use to deliver benefits to a wide range of consumers.  

Emerging industry alliances are supporting the shift toward integrated systems, which has been 
reflected in the market by the increasing number of hubs and smart home platforms that support 
information flows between multiple products within the home. However, the HEM market has yet to 
fully take off despite many high expectations, and significant barriers related to interoperability, data 
sharing, and customer engagement remain. 

Because home energy management systems (HEMS) are emerging within, and inextricably linked to, 
the larger smart home and IoT ecosystem, a variety of different actors – beyond just the consumer and 
product manufacturer – have an interest and stake in the development and success of this new 
technology. To fully realize the potential benefits HEMS may deliver, it is important to understand the 
larger landscape of stakeholders driving the development and adoption of HEMS. This paper analyzes 
perspectives and roles among key players across the HEM ecosystem – including regulators, retailers, 
researchers, manufacturers, and utilities – to better understand the various perspectives on HEMS 
and which partnerships may support broader adoption and energy savings.  

Methods 

This paper synthesizes findings from three methods of stakeholder analysis: a Delphi study, semi-
structured interviews, and online survey. All three were designed to discuss and synthesize diverse 
stakeholders’ perspectives on HEMS. Each of these methods is described below.  
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Delphi Study 

Delphi is a structured communication method in which a panel of experts answer questions in a series 
of rounds that are summarized and provided back to them by a trained facilitator [1]. Stakeholders 
engage in a structured, interactive dialogue, revising answers in light of others’ replies, ideally leading 
toward a convergence of opinion reflecting the collective wisdom of the group. We conducted a 
modified Delphi that combined traditional elements with a newer real-time Delphi method [2] using an 
idea management platform called GroupMap.  

Our study consisted of two online "rounds" of five, mostly open-ended, questions/prompts (see below). 
Participants were shown the question along with responses of all participants to-date. They were 
prompted to add responses if their view was not represented and provide feedback by commenting 
and voting on others’ ideas. All ideas and responses were anonymous to other participants.  

Table 1. Delphi Questions 

Round 1 Round 2 

Products, Players, 
Platforms 

Who and what are the key products, 
players, and protocols? 

-- 

Features of HEMS 
What do you think are some of the 
important features of Home Energy 
Management products and systems? 

We've listed the top 10 HEMS "features" 
that you identified in Round 1. Please 
arrange them below based on their 
potential cost and savings.  

Benefits of HEMS 
What do you think are some the main 
benefits that HEMS can deliver? 

-- 

Trends and 
Innovations 

What do you think are some of the most 
influential trends and innovations leading 
to changes and/or growth in Home Energy 
Management (HEM)?  

Looking into the future, what do you think 
HEMS will, should, or could look like in 
the near-term (3-5 years) and the long 
term (10-15 years)? 

Barriers 

What are the some of the key barriers to 
growth in this market? These may or may 
not be directly related to HEM, and could 
include social, economic, political or 
environmental factors. 

We’ve listed the top three barriers to 
HEMS market growth that you identified 
in Round 1. Please share any ideas that 
you may have as to how to overcome 
these barriers?  

Role of Utilities -- 

What do you think should be the role of 
utilities in home energy management? 

What utilities should do MORE of? LESS 
of? What utilities should KEEP doing? 

Defining HEMS -- 

Based on your responses from round 1 
as well as a review of related literature, 
we have drafted a definition of HEMS. 
Please comment whether you agree with 
this and/or have any suggested 
edits/additions 

A total of 44 HEMS stakeholders participated in the Delphi Study. They had an average of 12.5 years 
of relevant experience and the majority of participants came from research/academia or tech/industry.  
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Figure 1. Breakdown of Delphi participants by sector and years of experience 

Semi-Structured Interviews 

Following the Delphi Study, two rounds of semi-structured interviews were conducted. In the first 
round, 14 utility employees were interviewed, with a focus on the role of HEMS in their programs. In 
the second round, 34 individuals from other stakeholder groups (government, research, non-profits, 
technology, retail, consultants, and trade associations) were invited, of which 18 individuals agreed to 
participate in an interview (53% participation rate).  

Interviews were conducted virtually via phone or video conference with two researchers present, one 
to conduct the interview and a second to take notes. They lasted 45-60 minutes and were recorded for 
transcription purposes with permission from participants. The interview protocol is provided in Table 2; 
probing questions were added based on responses.  

Table 2. Interview Questions 

Opportunities: What are your goals in this space? What opportunities do you see? 
● Motivations: What is the big problem your organization is looking to solve using

HEMS? 
● Goals: How can your Connected Home initiatives help solve this problem? What

does success look like for these initiatives? 
● Consumer engagement: How engaged are consumers with your (or the

industry’s) existing initiatives in this space? 

Options: What are your current initiatives? What are your plans for the future? 
● Current strategy: What is your current go-to-market strategy? What is/isn’t

working? 
● Future plans: What are your plans for advancing your initiatives in the next 3-5

years? 
● Partnerships: Has your organization engaged with any other external

stakeholders? If so, was it successful? What other partnerships would help you achieve 
your goals? 

Obstacles: What are your main obstacles in the market? How can these obstacles be overcome? 
● Identifying obstacles: What are some of your known obstacles, either on an

organizational or industry level, for moving forward on your initiatives? 
● Efforts to overcome obstacles: What efforts are you making to resolve some of

those obstacles? Do you see any organizations working to overcome them in a promising 
way? 
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Online Survey 

One hundred additional stakeholders were invited to participate in an online survey. The survey was 
structured similarly to the interviews; questions were largely open-ended and intended to elicit further 
qualitative information around the opportunities, options, and obstacles in the HEMS space (Table 3). 
Of the 100 stakeholders contacted, 15 completed the survey (15% participation rate). Respondents 
included representatives from research, government, technology companies, utilities, and industry 
organizations.  

Table 3. Survey Questions 

BENEFITS OF SMART HOME TECHNOLOGY 

1. Please rate the importance of the following for widespread adoption of smart home technology.

● Remote monitoring and control
● Scheduling the operation of devices
● Enabling devices to automatically adjust based on habits and preferences
● Enabling devices to adjust their operation in response to changes in energy price
● Allowing third parties to adjust devices in order to save energy or cut peak demand
● Providing personalized tips and notifications
● Providing real-time, or near real-time, energy feedback
● Identifying which devices use the most energy
● Communicating with other household devices
● Other (Please Specify): ________________________

2. What do you see as the greatest benefit(s) of smart home technology for consumers?

3. What do you see as the greatest benefit(s) of smart home technology for society at large?

BARRIERS TO SMART HOME TECHNOLOGY 
4. Please rate the significance of the following barriers to smart home adoption.
[Not significant at all; A little significant; Somewhat significant; Very significant] 

● Customer awareness
● Cost
● Interoperability
● Value proposition
● Security risks
● Data sharing
● Complexity
● Usability
● Other (please specify): ___________________________

5. Please share any ideas you have to overcome these barriers.

TRENDS AND INNOVATIONS IN SMART HOME TECHNOLOGY 

6. What do you think the smart home market will look like in the next 3-5 years?

7. Who and what are the key products, players, and protocols in the smart home space?

PARTNERSHIPS & ROLE OF UTILITY 

8. Please describe any partnerships your organization has established in the smart home space.

9. What partnerships would your organization be interested in pursuing in the smart home space?

10. What role do you think utilities should play with regards to smart home technology?

11. Is there anything else you would like to share with us at this time?
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Results and Discussion 

Interview transcripts and open-ended survey and Delphi questions were analyzed via content analysis, 
in which large amounts of text are compressed into themes by coding it into categories or themes 
based on specific definitions [3]. Responses were open coded to identify key themes from the data, 
then reviewed a second time to both validate initial themes and identify subcategories and 
relationships between them. The following four primary themes were identified and are discussed in 
the sections below: 

1. Products
2. Systems
3. Customers
4. Collaborations

We also present descriptive statistics to summarize data from closed-ended Delphi and survey 
questions, where applicable.  

Products 

The first theme related to responses about products - both individual products and product categories. 
There was broad consensus across stakeholders that smart home products have the potential to play 
an important role in meeting energy management objectives. Most appeared to care deeply about 
energy efficiency and demand response and saw HEM technology as playing a critical role in the 
realization of those goals.  When asked about the importance of various HEM features (Figure 1), 
provision of energy feedback was ranked highest, followed by remote monitoring and control, and 
third-party control. Because of the latter two, many felt the “biggest opportunities [exist] around 
demand response”.  

Figure 1: Survey responses on product features 

Opinions diverged, however, on whether the opportunities around HEM products were better 
positioned for automated or behavioral efforts (though of course, these are not mutually exclusive). 
One industry professional admitted that they saw the most potential in an automated shifting or 
decreasing of energy usage without the homeowner’s involvement because they were “not sure 
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homeowners are ever going to really change.” Another interviewee attributed the success of his 
technology company’s HEM product to the fact that it “delivers results as unobtrusively as possible,” 
because “it is folly to consider a program that is going to be dependent on bringing energy to top of 
mind to people.”  

Other stakeholders saw great potential in educating households regarding their energy usage to 
promote behavior change. One technology company stakeholder strongly attributed the success of 
their pilot programs to “behavioral science techniques” that use feedback and gamification to “save 
average households that are engaged between 7-10%, [and] save high energy use households who 
are also highly engaged between 14-15%.” Another technology company credited real-time feedback 
with “driving behavior change” and leading to “10% and in some cases 15-20% savings” as opposed 
to the “1-2% from typical energy efficiency programs.”  

Stakeholders across the space were quick to note that while products may be utilized for energy 
savings, they are often not the prevailing reason underlying purchase. As one utility employee noted: 
“Customers are happy to be ‘green’ or help us have a more stable grid if it is a by-product.”  Benefits of 
smart home products from the consumer perspective include “to save money, live more comfortably, 
and save time” and “comfort, convenience, and control”. The importance of these non-energy benefits 
is reflected in product marketing; as the makers of Nest say, “It’s about making your house a more 
thoughtful and conscious home.™” [4] 

When discussing specific products, the smart thermostat was the most frequently mentioned category. 
There were several mentions of utility and government pilot programs to measure and verify savings. 
One government respondent noted how significant the potential energy savings could be just from 
reducing heating and cooling of unoccupied homes; as an additional benefit, they added, smart 
thermostats are capable of “making people aware of how their choices regarding their thermostats 
affect their energy use.” In fact, smart thermostats are mentioned frequently as a key first product for 
consumers. The Consumer Technology Association (CTA) determined that smart thermostats lead the 
IoT space in terms of household ownership of devices [5]. One respondent said, “Nest made a 
thermostat sexy and interesting...They buy them because they have great, useful, futuristic features, 
and they just happen to save energy.” One industry researcher attributed the popularity of smart 
thermostats like the Nest or ecobee to the fact that they are a “cool, shiny device you can show off,” 
while one technology professional declared them now “mainstream.”   

Another frequently mentioned product was the Amazon Echo, which was widely cited as having 
potential to galvanize consumer interest in smart homes and encourage energy management in 
households. “When Amazon introduced that product, initially they thought it’d be used for things like 
people asking ‘Alexa, what’s the weather?’ or ‘What’s the largest country in the world?’” one 
technology company explained; “they found rather quickly that people were using it to manage their 
devices and applications instead.” Now, the Echo is “the #1” product in the space for consumers 
because it not only provides a clear value proposition but because of “how easy it is to use”.  

Across products, simplicity and user experience were cited as key.  If “Grandma can simply plug in 
and go” (as one respondent said), adoption will be easier for the average consumer. One expert 
believes the reason why Apple and Google capture the market isn’t simply marketing, but that “it’s 
their simple and customer-centric industrial design and user interfaces that make them appealing.” 
Industry experts seem to agree that the best user interfaces will most likely dominate the smart home 
market, but we must first know what interfaces consumers prefer in their homes. Respondents stated 
they would “like to see more studies about how people interact with their energy currently and what is 
motivating their use.” They believe the more we understand consumer behavior around smart home 
adoption and use, the “better we can provide the simplest possible interface to get the job the 
household needs done.”  

Systems 

Despite benefits of smart homes, a number of obstacles to wide scale adoption were identified (Table 
2). Several of these related, not to individual products, but to their interconnectivity. These included 
lack of interoperability, difficulties in setting products up or attending to malfunctions, high costs, and 
security concerns. This section will address interoperability and issues around data. 
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Figure 2: Stakeholder Survey Responses 

Interoperability 

Achieving a sufficient level of interoperability between different smart technologies was the most 
frequently cited barrier to wide scale penetration of the smart home market. One academic made an 
analogy relating to the standardization of cars: “Imagine some cars having the gas pedal on the right, 
and some on the left. Moreover, that is the situation we are often in with some of these products. So it 
is not surprising that two things happen: the first is that there’s many accidents, and the second is that 
a lot of people discard these devices or don’t use them the way they’re anticipated…So we have got 
this sort of house of Babel with several different smart home systems that are incapable of talking to 
each other and leading to not a smart home but a frustrated home.”  

Utilities and program administrators tasked with promoting these products for energy efficiency, in 
particular, were hesitant about moving forward with initiatives at this stage of market development in 
the face of such an obstacle. As one utility employee explained, “[F]or us, [interoperability] makes 
forming partnerships difficult. If we want to form partnerships now, it may force us to pick a narrower 
set of market participants, thus creating winners and losers. However, if we wait, it may take years for 
this industry to shake out.”  

Not all parties agreed, however, about the significance of interoperability as a barrier. Some 
technology companies, for example, were much more confident in the ability of the market (and/or 
their own engineers) to solve the interoperability problem. While one representative from a technology 
company admitted that they could not “see the world coalescing in the next decade on a single 
standard,” for dictating how products communicate, this respondent felt that achieving a single 
standard was not the appropriate goal to consider. Instead, they felt the future of the industry 
depended on products that can “play very nicely in a multi-mode world.”  

Some players in the smart home market are competing for a majority share of consumers without 
much concern for interoperability outside of their own “suite” of devices. As one expert put it, “the 
major tech companies are really busy trying to outdo each other and we may not get consensus in the 
near term if left up to them.” While many discuss a lack of interoperability as a key challenge to the 
realization of smart homes for energy management, it may be unlikely for companies to address this 
challenge unless consumers demand it.  One expert said, “Interoperability will remain an issue for the 
foreseeable future as it will take mass adoption of devices by consumers to weed out tier 2 and tier 3 
technologies. Once consumers show a clear preference for the type of technology they want in their 
homes, the industry (OEM's, utilities, etc.) will follow the consumer.” Major players in the market are 
pushing products out to consumers to see “what will stick,” but learning what consumers want and how 
they use their devices will help shape the future of home energy management.  

What was clear from the responses was that systems integrated into the home must work together. 
One said, “I see a natural evolution of these devices to where nearly every appliance or piece of 
consumer electronics sold will be Wifi-enabled and contribute to the ‘Internet of Things’. Then, 
manufacturers and vendors will have to start figuring out how they talk to each other.” Others 
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discussed an evolution of the smart home where users are almost entirely removed, creating 
autonomously systems that communicate with one another and manage their own behavior. One 
respondent listed "predictive and adaptive technology that does not actually require the user to 
proactively manage or make constant decisions regarding their energy consumption” as a key 
component, stating that “the best HEMS will require minimal user interaction after initial 
implementation.” According to another, “autonomy is the future of HEMS”. However, such a future 
would require interoperability to go beyond the ability for users to access and control multiple devices 
from a single platform, enabling them to also share data directly such that information or actions of one 
product could directly influence the operation of other products in the smart home ecosystem. 

Data 

The question of sharing data (both smart meter AMI data as well as consumer usage data) was widely 
cited as a prerequisite to adoption, helping to enhance the offerings provided by these products (e.g., 
a respondent from one mobile energy app reported that they are working to incorporate smart meter 
data to enhance their product), as well as being important to the measurement and verification of the 
impact of smart products. 

One academic described data sharing as the “starting point” for many useful analyses to support the 
proliferation of the smart home market, lamenting that currently data is “held very tightly to the chest of 
the utility.” Even more strongly, one respondent from a non-profit trade association declared the 
number of meters with electronic third party access is a “primary” metric of success for their goals. The 
importance of data sharing was reflected by many others; one consultant voiced a similar opinion that 
utilities and manufacturers “need to change their idea of sharing data to be a little more cooperative” to 
“get the backing” necessary “to get their products into home[s].”  

It is clear, however, that successful and streamlined data sharing for maximum benefit requires equally 
optimized legal policies. One respondent from a non-profit discussed how laws are necessary to 
protect utilities as “the holder of…information.” This issue is the “lynchpin in so many states” on which 
the ability to share data is dependent. This same respondent described how in California, the 
commission “strongly and affirmatively eliminate[d] any kind of liability for the utility,” which is the only 
way that this organization obtained its desired data. Clearly, similar legal protections are necessary 
nation-wide to fully reap the potential benefits of more openly sharing data. 

Data privacy and security were also cited as barriers to engagement in HEM technologies. The list of 
vulnerabilities mentioned included password security, encryption, and lack of granular user access 
permissions. As more Internet connected devices enter the smart home, privacy and data security will 
become a bigger concern for the everyday person, though these issues could in part be mitigated via 
greater transparency and increased public education. For instance, transparency on what data that 
companies are collecting and what they are doing with data is key. An expert posed, “Why not just tell 
people what you’re collecting and going to be doing with their data? If they wouldn’t like it, you 
probably shouldn’t be doing it.” Participants agreed full disclosure could “eliminate data and privacy 
concerns” and the explanations should be simple, not complex and hidden in fine print. As one 
participant put it, “the number of people who decide never to create a Facebook account due to 
privacy is pretty darn small,” but if products are “excellent and convenient,” consumers will begin to 
adopt them. The key is knowing what consumers deem as excellent, and simultaneously developing 
transparent customer data security processes. 

Customers 

Although stakeholders agreed that the smart home market has great potential for home energy 
management, they also acknowledge that significant customer barriers exist. Primary among these 
was the issue of people likely not caring much about their energy use. One energy advisory 
stakeholder maintained that energy is a relatively “niche” interest, one that “traditionally [has] not been 
an important consideration.” Another respondent, an academic, explained that “there are people who 
will only spend a few minutes a year on topics related to saving energy, so it is difficult to market these 
products and convince users to do something different if you have their ears for only those few 
minutes a year.”  

Even more challenging is the fact that one of the most immediate and marketable customer benefits – 
monetary savings – is in some cases at such a small scale that it cannot fully be leveraged to 
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encourage consumer interest in smart technology; consumers “may not care that much about saving 
$5/month,” especially if there is an upfront cost to obtaining and installing smart products. Further 
complicating the monetary motivation is the fact that smart home products today are still expensive 
and “prohibitive” for a large segment of the population. Coupled with the fact that some of these 
technologies do not always work as they are intended, due to either hardware, software, or 
connectivity issues, and you have, as one retail employee explained, “expensive products that don’t 
always work well.” As one utility employee summed it up, “Customers will second guess why they are 
paying so much for ‘cool’ if products do not live up to savings.”  

Incentives were one strategy discussed by stakeholders to address cost barriers. One of the most 
common sentiments expressed was the widespread belief in the utilities’ unique potential to help drive 
the smart home market forward. There were many perspectives as to how a utility could successfully 
do so. While rebates and incentive programs were the most commonly cited pathway to catalyze 
awareness and drive down costs, differences emerged in terms of what program specifics were most 
likely to help achieve this. One emerging pathway to implementation was considered to be through 
bring-your-own-device programs, where customers can receive rebates for acquiring any number of 
devices that fit a set of parameters. One respondent from an energy advising firm stated that the 
model of Bring Your Own Thermostat (BYOT) programs is optimal because it allows utilities to clearly 
convey and communicate a need and present technology vendors with an opportunity to meet that 
need, potentially fostering competition. Further, Bring Your Own Device (BYOD) programs establish a 
greater sense of consumer choice, which could further encourage customer trust of utilities.  

While not everyone may care enough about the energy or financial benefits to purchase smart home 
products for energy savings, as one technology expert put it, “everyone cares about something.” 
Among the larger ecosystem of smart home technology there are ample value propositions to excite 
and engage interest despite cost and value barriers. Security, for example, was the most commonly 
cited value proposition for customers among respondents. However, while one technology expert felt 
that the “majority of people care” about security, they admitted that worst-case scenarios, like 
burglaries and robberies, “don’t happen very often.”  

Instead, the success of their company’s security offerings were due to expanding the value proposition 
of these products to include the ability to monitor the everyday health and safety of household 
members, like “mak[ing] sure that your kid came home from school on time, even though you are at 
work.” This not only provides customers with a clear benefit to owning and engaging with a smart 
home product but also enables energy saving benefits to enter the home via a gateway.  

As one academic explained, the best path to engaging customers around energy is to “create products 
that are cool and attractive for reasons other than energy savings, because energy savings is 
particularly unsexy; the technology or features have to get a free ride on something far more appealing 
to the consumer.” A utility employee elaborated: “I am dubious of any approach that attempts to make 
customers care about something they do not care about. So we need to understand that if it is security 
that customers are really after, we piggyback energy on that.” 

Stakeholders can also help drive the market simply by capitalizing on their already wide customer 
reach. As one technology company employee explained, “the best way to get millions of people to use 
our technology is to sell it to companies with millions of people as their customers.” The topic of 
“bundling,” whether in reference to bundling products or services, was also a common theme.  

Another respondent from a technology company elaborated on the potential significance of the utility 
leveraging its customer base through bundling by drawing an analogy to the successful adoption of 
Wi-Fi. Wi-Fi, they explained, was at first relatively unpopular until cable companies began bundling it 
with other services. This respondent felt that utilities could serve the same purpose as the cable 
companies for smart home technologies, taking advantage of their already existing network of 
customers and services to push for more widespread adoption. In fact, external market research has 
determined that “83% of Americans expect smart home devices to be packaged with other services 
such as cable and Internet” [6] 

Collaborations 

It is clear that interest in this market is far-reaching, not just among entities with a seemingly obvious 
stake in energy; as one technology expert admitted, “[if utilities] choose to do nothing, Telcos will be 
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selling HEMS.” Another respondent, a retail employee, described “HEMS as one vertical” in the larger 
IoT ecosystem they aim to “become a major player in” – and expanded their vision for partnerships in 
the space as follows: “A health or medical insurance company is likely to be interested in wearables. 
An auto insurance company is likely to be interested in ... smart car technology. All State is already 
incentivizing and discounting those products, so people put them in their cars, so if we could work with 
them to create a triangulated ecosystem in some way, that is beneficial to everybody.” 

While utilities were central to most respondents’ recommendations for partnerships that could either 
help drive consumer adoption or mitigate market obstacles, respondents also touted the benefits of 
many other types of partnerships towards these ends, including those that involve technology 
manufacturers, regulatory bodies, behavioral economists, usability designers, safety and data privacy 
stakeholders, and insurance companies. As one respondent nicely summarized, “there’s a lot of 
stakeholders involved, so the opportunity for partnership and integrating lots of different systems is 
unique in the energy space.” 

Collaborations with utilities are not without certain risks and precautions, however. One respondent 
from a technology company worried about utilities’ ability to be an effective ambassador between 
consumers and smart technologies. This respondent stated, “if utilities are educating consumers, we 
have to be on the same page that there’s a lot more than thermostats,” worrying that an incomplete 
education initiative could skew the market and prevent consumers from fully taking advantage of the 
benefits that can come from a more integrated and systematic approach.  

Respondents described the importance of involving the private sector, in particular companies that are 
“developing both the hardware and the software,” as it is these companies who are driving the market. 
The same respondent, a non-profit industry professional, added the caveat that it is first necessary for 
the home energy management community to “come together” and elaborate their needs so that 
manufacturers can meet those needs. Also, one respondent from a government agency highlighted 
the importance of partnerships and suggested connecting academics studying human behavior with 
both utilities and the companies designing the technologies to develop processes for iterative design.  

Other proposed partnerships included those between technology companies, utilities, and the 
Environmental Protection Agency (EPA.) One respondent stated that EPA’s ENERGY STAR had 
enormous potential to “successfully drive measurements of energy efficiency” from anonymized smart 
thermostat data. Additionally, other stakeholders identified the necessity of partnerships with 
companies working in data security and privacy; given that many of these smart products collect 
sensitive and highly private information, partnering with third-party experts in the field of data privacy 
could go a long way in appeasing customer concerns about potential security breaches or hacks.  

However, despite utility uncertainty about their level of engagement with the market, stakeholders 
suggested that customers not only expect their utilities to provide smart home technologies and 
services, but many prefer to engage with this market through their utility. One interviewee from a smart 
technology vendor cited an internal study that found 82% of people surveyed would prefer to receive 
Home Energy Management technology from their local utility, whereas only about 19% of customers 
would prefer this technology to come from third-party companies. Though this sentiment may seem 
surprising, one respondent summed it up as follows: “People [may] hate their utilities, but they trust 
their utilities.”   

Because consumer awareness of home energy management technologies is low, distribution partners 
are among the most important players “as a sales channel and possibly as an installer resource”. In 
fact, several experts commented on the importance of retail partners, such as Lowe’s, Home Depot, 
Best Buy, Sears, and other home improvement stores with “Wal-Mart and Target...likely right on the 
heels of bringing [in their own products]”. “The merchandising must be worked out in order to tell the 
right story to the consumer.”  

Many respondents felt that there should be stronger collaborations between utilities and technology 
companies, particularly because utilities own information that would be useful for technology 
companies to develop their products appropriately. One respondent from a government agency stated: 
“I think we all probably want a world in which the utility will work with the technology developers to 
provide real-time data and real-time electricity utilization; the more utilities engage with tech 
developers, the more actively tech development can happen.” 
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Conclusion 

It is clear that most stakeholders see significant potential for smart home technologies to deliver 
values to both users and the broader energy efficiency landscape. However, in such an early stage 
market there are significant challenges to prompt actors to be wary. Given the lack of interoperability 
between HEM technologies, product selection is of particular importance to prevent customers ending 
up with multiple “smart" products in their homes that are unable to communicate with one another. 
While there are risks associated with the formation of utility-technology partnerships to promote only 
specific products (e.g., forcing market winners and losers), there may be opportunities for the utility to 
support consumer choice through the provision of more guidance around interoperability. 

Data emerged as a key issue, particularly around supporting technology development and validation 
of energy saving measures by making end-user data available to manufacturers. However, legal 
issues remain regarding data ownership and privacy to ensure both customers and the utility are 
protected. It was also recognized that home energy management may not have an independent value 
proposition to customers, but that there is an opportunity to piggyback on either existing and prevalent 
products (e.g. Amazon Echo) or other strong value propositions (e.g. home security). However, it is 
important to understand how different HEM technologies interact with other smart home devices. 

It is clear that this is an ever-changing market and every prediction is a moving target. A supportive 
environment that promotes energy efficiency and demand response initiatives can help facilitate the 
further development and evolution of a strengthening smart home market. Additionally, further 
research to help better understand consumer uptake, behavior, and interaction with smart home 
technology for energy efficiency and demand response will assist in piecing together a more accurate 
market and savings forecast. It seems that many market predictions to-date have overshot the market 
potential, which may mean that the products are not as attractive to consumers as preliminary 
researchers and product developers think and further research focused on the user experience could 
be fruitful. However, if they are able to attract consumers, it seems that HEMS have a great deal of 
potential for energy efficiency and demand side management within the residential sector.  
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Abstract  

People frequently make distinctive gestures when they are thermally uncomfortable.  These gestures 
include self-hugging, brow wiping, or fanning the face with one’s hands. We created a machine-based 
procedure, based on the Microsoft Kinect, to identify gestures related to thermal comfort and then to 
decide if a person is uncomfortably warm or cold.  The procedure consults a library of gestures to 
determine if a particular gesture might be associated with thermal discomfort.  The procedure 
continuously updates a “Thermal Comfort Index” (TCI), which, when exceeding specified values, 
signals the building’s heating and cooling system.  The TCI takes into account the frequency of 
gestures detected and a confidence factor that gestures are indeed related to thermal discomfort. This 
novel method of regulating an HVAC system is based on actual, real-time thermal comfort rather than 
a pre-specified target temperature. This approach may permit more effective management of heating 
and cooling energy use in buildings, resulting in energy savings.  

Introduction 

The traditional method of regulating the temperature inside a building relies on a thermostat [1]. The 
occupants (or building managers) select operating temperatures at the thermostat or through some 
sort of building management system. The selected temperatures are based on a long history of 
thermal research, prescribed levels, and familiarity with the specific building and circumstances of the 
occupants.  This approach is generally successful; however, there are also many circumstances 
where the occupants do not achieve satisfactory thermal comfort.  For example, the controls on 
programmable thermostats have been demonstrated to be frequently misunderstood in North America 
[2], Scandinavia [3], and elsewhere.  The occupants’ frustration with the difficulty of control has led to 
as much as half of users disabling the key operating features.  This leads to unnecessarily high energy 
use, thermal discomfort, or other forms of dissatisfaction. 

Conventional thermostatic control of heating and cooling systems has other drawbacks.  It cannot 
respond to changing thermal requirements of the occupants. These requirements may change as a 
consequence of different activity levels or amount of clothing worn. This problem is particularly 
important where the occupants do not have direct access to the thermostat, such as in commercial 
buildings, public spaces, or where the occupants have limited abilities (such as residences for senior 
citizens). 

The traditional method of assessing thermal comfort employs a subjective assessment, that is, the 
researchers ask subjects if they feel comfortable.  The subjects then respond with a personal 
assessment ranging from, say, “very cold” to “very hot”.   This procedure has been developed by many 
researchers, notably Fanger [4]. He further established relationships between key determinants of 
thermal comfort (air temperature, activity level, clo value, etc.) and the proportion of the population 
likely to be comfortable or the temperature leading to the fewest thermal complaints.  More recently, 
researchers and standards organizations have recognized that these relationships can change 
depending other circumstances, notably adaptation [5].  Various adjustments have been proposed and 
adopted by standards organizations to reflect this dynamic behavior. Nevertheless, the underlying 
technique of assessing thermal comfort continues to rely on subjective, rather than objective, metrics.   

One objective method to measure thermal comfort is to assess through measurement of physiological 
stress in response to environmental conditions. One approach requires skin sensors to measure 
perspiration or surface skin temperature. For example, Chad and Brown [6] compared responses of 
weight lifters and typists in a hot environment. They found higher mean skin temperatures among the 
lifters. They also found that heat stress from strenuous tasks induced physiological disturbances in the 
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form of more frequent fatigue-induced muscle contractions. Some adaptations to thermal discomfort 
are visible, such as sweating and cutis anserina (goose bumps). The procedures to measure 
physiological response measurement are awkward and may distort results; for these reasons they can 
be applied only to constrained environments and limited populations [7]. The rapid advances in 
wearable devices offer opportunities for less intrusive measurement [8] but the difficulties of 
physiological measurements in real-life settings are a disadvantage.   

We describe below an alternative means of assessing thermal comfort that relies on objective 
measurements.  Ultimately, this method could be used to control heating and cooling systems. 

Thermal Discomfort is Revealed in Gestures 

Parents recognize when their children are warm or cold almost instantly.  Parents see a collection of 
gestures and body positions that, collectively, translate into a conclusion regarding a child’s thermal 
comfort. Similarly, most people can detect discomfort in fellow humans based on casual observation.   
They know (consciously or not) that a person feeling cold will often huddle, shiver, or hug himself; 
while a person feeling warm may wipe his brow or sit splayed in order to intercept ventilation and 
maximize heat transfer. Can this gesture-derived information so quickly collected in a few glances by 
people also be detected by a machine and interpreted?  

Observations of thermally-related gestures and postures over the years suggest that there exists a 
kind of “thermal body language”.   Surprisingly, researchers have not carefully compiled or examined 
gestures related to thermal comfort. Most reporting has been anecdotal or tangential to intended 
research goals.  In one case,  Havenith et al. [9] noted that subjects being tested in cold conditions 
needed frequent reminders not to clench fists or assume hunched positions with reduced body surface 
areas. Similarly, Raja and Nicol [10] observed that subjects that were exposed to cold sought to 
reduce their surface area by clenching their fists and bringing their arms close to their body.  Clarke et 
al. [11] observed that people adjust their posture or clothing to maintain comfort in a changing 
environment. De Carli et al. [12] also noted the dynamic process of clothing adjustment over time by 
building occupants. Raja and Nicol suggested that adjusting posture in order to optimize thermal 
comfort was a general habit of humans and that postural response constituted a form of “thermal body 
language.” They noted that no technique existed (as of their paper in 1996) to evaluate different 
postures.    This is not surprising because no technology existed to observe and track gestures. 

Major technical advances in gesture recognition have taken place in the last two decades.  The first 
was a “marker based system” (MBS).  Small markers were attached to the major joints of a subject, 
which an external device could precisely locate and track.  In principle, this allowed a scanning system 
to track changes in the skeletal geometry as the subject performed various movements.   This 
technology had two drawbacks.  First, these measurements could be performed only in a laboratory or 
under controlled conditions.  Second, the system lacked sufficient precision to detect fine movements 
such as those associated with thermal discomfort. 

The Microsoft Kinect, introduced in 2010, was a major advance in gesture recognition.  The Kinect 
was initially designed to give players of video games control through movements of their entire bodies 
in three-dimensional space [13]. The Kinect relies on a bank of optical and IR sensors, combined with 
considerable computing power, to construct a, continuously updated, three-dimensional digital 
description of the player’s skeletal geometry. The Kinect takes the observed skeletal geometry and 
inserts the information into the game.  For example, a player could pretend to swing a bat at a ball 
seen on a screen and the Kinect would insert the player’s body geometry into the figure on the screen; 
as the player swings the bat, so too would the figure on the screen.  The Kinect added a new level of 
realism and participation into video games.  Given the innovative sensor system, awesome 
computation capacity, and built-in gesture processing software, the Kinect sensor array is incredibly 
cheap – less than $100. Since 2010 several other companies have begun offering similar gesture 
recognition sensor hardware and associated software, including ArcSoft, Crunchfish, and SoftKinetic. 

The Kinect enables researchers to reliably and economically recognize specific gestures. For 
example, Galna et al. [14] employed the Kinect to assess movements associated with Parkinson’s 
disease.  Eleven movements, such as “sit to stand” and “hand clasping” were compared with absolute 
measurements taken by a Vicon MBS system. They found that the Kinect measured gross spatial 
movements to a clinically acceptable level of accuracy but the system was not yet accurate enough for 
smaller movements (such as hand-clapping). Ibañez et al. [15] used the Kinect to recognize simple 
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athletic gestures, such as “smash”, “punch”, “swipe right”, and “swipe left”.  Importantly, they created 
confusion matrixes to measure the success at recognition and distinction between gestures. In a 
similar fashion, Saha et al. [16] used a Kinect to observe gestures related to human emotions, such as 
happiness, sadness, and relaxation.  A classification accuracy above 90% in a group of ten subjects 
was observed. These studies were first steps towards objective identification of gestures. 

A Library of Thermal Comfort Gestures 

Most people can recognize thermal discomfort in another person based on a quick view of body 
language, but these gestures have not been codified in any systematic way.  We therefore compiled a 
library of gestures associated with thermal comfort.  The library was constructed through searches of 
open-source image libraries and simple public observation of common gestures related to thermal 
discomfort.  We also asked students to demonstrate gestures that they typically made when feeling 
warm or cold.   Not surprisingly, we found that gestures varied with context, culture, and gender  (and 
presumably with other factors we have not yet considered). Despite these variations, the significance 
of most of these gestures was intuitively obvious to human observers. Table 47 lists some of the 
gestures compiled from the sources described above.  For each gesture, we assigned a name, a brief 
description, and a condition (e.g., feeling hot or cold).  Some of these gestures are easily identified in a 
static image but others only make sense when they are viewed dynamically. In real life there are many 
more thermally related gestures than are listed in Table 47. A mature system of thermal comfort 
detection will need a more comprehensive “library” but the concept can be demonstrated with this 
limited set. 

Table 47. A library of thermal comfort gestures 

Condition Gesture Description 

Feeling too 
warm 

Self-fanning Back and forth motion of the hand near the head to 
cause frication of the air in the direction of the face  

Brow wiping Movement of the hand across the forehead, as to 
remove sweat 

Collar tugging Repeatedly pulling the collar away from the neck, to 
increase airflow in the area between shirt and body 

Splayed posture Spreading some or all of the limbs away from the body 
in an attempt to maximize skin area available for 
cooling 

Hair movement People with long hair will shift hair, sometimes by 
shaking head, to increase ventilation to covered areas 

Feeling too 
cold 

Hands in pocket Placing the hands in the pockets to raise their 
temperature 

Self-hugging Placing both arms inward across the chest 

Hand rubbing Rubbing the hands rapidly against one-another to 
generate heat through friction 

Blowing on cupped 
hands 

Blowing warm air onto the hands to raise the skin 
temperature 

Buttoning up Fastening buttons near the top of a shirt to decrease air 
movement between shirt and chest  

Shivering An involuntary response of the body which raises 
overall temperature through high frequency, low 
amplitude muscle oscillation 

Contracted posture Moving some or all of the limbs inward towards the 
body, to decrease the amount of surface area  

The Geometry of Thermal Comfort Gestures 

We then programmed the Kinect to recognize simple gestures of thermal comfort. The Kinect detects 
and stores body positions as sets of lines and vertices, representing limbs and joints. Subjects were 
asked to perform the gestures in a laboratory.  The laboratory was simple: a standard office with 
constant illumination and without distractions by other persons. Subjects stood up during test periods, 
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at least one meter from walls and other surfaces.  The Kinect was mounted 2 – 3 m from the subject at 
a height of about 1.5m above the floor.   

We selected four gestures from Table 1:  two for feeling cold (‘self-hug’ and ‘button up’), and two for 
feeling warm (‘brow wipe’, and ‘collar tug’).  A subject performed each of the four gestures, while being 
tracked by the Kinect.  Two “ideal types”, or reference gestures, are represented in Figure 111.  

Figure 111. Skeletal geometries associated with self-hugging (left) and brow-wiping (right) 

Each reference gesture was described as a set of rules for joint relationships.  These relationships are 
described for the four gestures in Table 48. For example, in the reference position for “self-hug”, each 
hand must be close to the opposite elbow, and each elbow must be below the same-side shoulder.  
Every gesture in the library must be described by a set of such rules.  To date the library consists only 
of static gestures; however, the procedure could be adapted to accommodate dynamic gestures, such 
as self-fanning. 

Table 48. Rule-based relationships for gestures associated with thermal comfort 

Gesture Name Rule-Based Relationship 

Self-hugging Each hand must be close to the opposite elbow 
and each elbow must be below its respective 
shoulder 

Buttoning-up The two hands must be close to the neck and 
elbows below the shoulders 

Collar-tugging Either hand must be close to the neck (but only 
one hand) 

Brow-wiping Either hand must be close to forehead 

Translating Gestures into Information about Thermal Comfort 

A program was developed to store the library of gestures, control the Kinect, oversee the tracking, 
compile the incoming data, and interpret the results.  The key features of the program are described 
below and in Figure 112. 
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Figure 112. Logical flow chart to detect thermal comfort gestures and calculate Thermal 
Comfort Index (TCI) 

As the subject moves through various positions, the Kinect continuously monitors his body geometry. 
These movements are expressed as a set of geometrical relationships among joints. If a position is 
maintained for a specified time, the program notes the detection of a potentially significant gesture.  If 
the subject’s body geometry shifts before the minimum time elapses, the Kinect recommences the 
search for a significant gesture. We set this “significance threshold” at 2 seconds, but of course this 
could easily be adjusted for future trials.   

When the program detects a gesture, it consults the gesture library to determine if the gesture 
expresses thermal discomfort. If the observed gesture does not resemble any of the stored gestures, it 
is discarded. If the program finds a match in the gesture library, it assigns a value of +1 to gestures 
associated with feeling hot and a value of -1 for gestures associated with feeling cold.  We gave equal 
weight to each thermal gesture but field testing may demonstrate that some gestures correspond to 
more intense discomfort than others. In these cases, some gestures may have higher values. In 
addition, the program calculates the confidence level of its classification, based on the magnitude of 
discrepancy (if any) between observed and reference geometry. The size of the increment is reduced 
for gestures with lower confidence. 

The program stores a running sum of these values from successive gestures.  We call this running 
sum the Thermal Comfort Index (TCI).  When the TCI = 0 the subject is thermally neutral.  If the 
subject is cold, then the observed TCI gradually decreases through successive gestures like self-
hugging. If the gestures related to being cold persist, then the TCI will go negative.  If the subject is 
warm, the TCI increases.  If the subject continues to present gestures related to being warm, then the 
TCI will become increasingly positive and one can conclude that the subject is hot. 
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We constructed a dashboard to display the program’s operation (see Figure 113).  It captures the key 
elements entering into the TCI calculation, including the gesture detected (superimposing the Kinect-
generated skeletal geometry over the actual image), the confidence in the gesture match, and a log of 
gestures.  Finally, it shows graphically the course of the TCI over time in response to detected 
gestures.  

Figure 113. Dashboard displaying key features of gesture detection, TCI calculation, and HVAC 
control 

Linking Thermal Comfort Gestures to the Control of Heating and Cooling 
Systems 

The procedure described above offers a means of objectively quantifying thermal comfort based on 
observed gestures.  It tracks comfort dynamically and detects a person’s changing requirements, such 
as changes in activity level, clothing level, and radiant temperature. These capabilities would appear to 
be useful in more effectively controlling heating and cooling systems, leading to energy savings or 
improved comfort.  We explored how the procedure could be linked to present-day heating and cooling 
technologies. 

First, we assumed that the gesture-based system would work in tandem with the conventional 
thermostat. We assumed that a conventional thermostat would maintain the space’s temperature 
within a wide range of temperatures, say 15°C – 30°C, that is, a 15°C deadband. Inside this range, 
however, the TCI calculation would “fine-tune” HVAC operation to achieve the fewest thermal-
discomfort gestures.  

When the TCI rises above a specified value, the program signals the HVAC system to cool the room.   
This is illustrated in the TCI trend plot in Figure 113 (lower left corner) where the trend rises into the 
orange band. Similarly, when the TCI falls below a threshold value, the program concludes that the 
occupant feels cold, and signals for heating.  Meanwhile, the program monitors the elapsed time since 
the last thermal gesture.  If no further discomfort gestures occur for a specified length of time, the 
program reduces the absolute value of the TCI by one increment.  These incremental reductions 
continue until the TCI = 0.   In other words, the return of the TCI to zero reflects the program's 
deduction that the subject is at thermal neutrality (and is comfortable). 
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Discussion 

We have described, and partly implemented, a novel procedure to assess thermal comfort and then 
control an HVAC system.  Many aspects deserve further exploration but they fit into three broad 
categories: the measurement of thermal comfort; practical issues related to using a Kinect-like system 
in buildings; and linking the TCI system to HVAC systems.  We discuss some of these issues below. 

Thermal Comfort Research: Can Comfort be Implied from Discomfort? 

As a research tool, the TCI assessment procedure has both advantages and drawbacks compared to 
conventional thermal comfort measurements based on subjective assessments. First, it is an objective 
procedure that does not require interactions with the subjects. This avoids many potential pitfalls in 
experimental design. Second, the TCI approach is physiology-based, that is, it measures a body’s 
physical adjustment of its heat balance with the environment.  These responses may (or may not) 
represent what a person thinks.  Third, the TCI approach can accommodate non-constant thermal 
environments and varying behavior of the subjects. Researchers can, for example, easily assess the 
impact of modifying the thermal environment. 

On the other hand, the nature of the relationship between TCI and thermal comfort is still unknown.  Is 
it linear? Furthermore, voluntary thermal comfort gestures may be constrained by physical or cultural 
aspects. Many gestures will be difficult to detect when the subject is sitting at a desk, partially 
obscured by furniture, or in an unusual position. We also found that some thermal comfort gestures 
are distinctly cultural.  For example, South Asians have different gestures associated with excess heat 
than, say, Scandinavians.  Together these features make the interpretation of thermal comfort 
gestures more complicated and problematic than the results of a questionnaire.  

All of the gestures captured by the Kinect are associated with thermal discomfort.  Does the absence 
of discomfort gestures imply that a person is comfortable? A threshold of discomfort may need to be 
reached before a person makes gestures, voluntary or involuntary.  Also, do people employ subtle 
gestures when they are thermally comfortable? Unfortunately, no research has been undertaken in 
this area (partly because the tools were not available until recently).  The detection of gestures related 
to thermal adjustment can be expected to be to detect ever more subtle movements.  For example, 
shivering is known to occur at specific frequencies [17]; these may soon be easily detectable and 
certain frequencies associated with pre-cursors to discomfort. 

The accepted definition of thermal comfort is “The condition of mind that expresses satisfaction with 
the thermal environment and is assessed by subjective evaluation” (ANSI/ASHRAE Standard 55). It 
implies that thermal comfort is inherently subjective and cannot be assessed in objective, physiological 
terms.  Our work shows that another definition and metric is possible.  The two approaches are not 
exclusive; instead, they provide complementary information. Further research will be needed to 
understand how they relate to each other. 

Can Kinect-like Devices Function in Real-World Situations? 

Our measurements were conducted in simple situations and there are important practical limitations to 
real-word use. Some of these limitations are described below. 

How should thermal comfort be measured in rooms with many people? This is important, because 
many of the most attractive applications for gesture tracking would be in public spaces (like cinemas) 
where occupants have no ability to change the temperature (and managers are seriously concerned 
about customer comfort). Our measurements tracked the gestures of only one person and the Kinect 
works best for two or less players; with more people present it gets confused. One strategy for large 
groups of people would be to constantly scan the occupants for discomfort gestures, not bothering to 
associate the gestures with specific people. The resulting measurement corresponds to a kind of 
group TCI.  A related limitation of the Kinect sensor arrays is range: they lose accuracy beyond a few 
meters. 

Can the gesture-based approach function when occupants are in many different positions?  The 
Kinect skeletal recognition software is optimized for people standing up playing video games.  It is less 
successful creating the skeletal geometry for persons sitting behind desks, lying down, or crawling. 
Future editions of skeletal recognition software might be able to include more positions associated with 
unique groups. For example, Microsoft made special efforts to enable Kinect to recognize movements 
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by people in wheelchairs. Infants are another group where thermal comfort gestures will be both 
unique and important. 

Privacy is also a real problem. The proposed system has a high “creepiness factor.”  The Kinect easily 
recognizes individuals based on their skeletal geometry, facial features, and other information 
collected by the sensors.  Occupants have a legitimate concern that their actions will be tracked and 
recorded.  One partial solution would be to make a system that uses only the skeletal recognition 
aspects.  Keeping the recognition computation close to the sensor, communicating only the TCI to the 
HVAC controls, would also decrease the amount of personally identifiable information being 
transmitted. 

Can Tracking Gestures Save Energy? 

The principal advantage of tracking thermal gestures is that it avoids over-heating and over-cooling 
spaces when energy-saving temperatures, delivering greater comfort, are possible.  In situations 
where occupants are chronically thermally uncomfortable, tracking gestures will increase energy use. 
Still, it is important to understand the kinds of modifications needed in HVAC systems to incorporate 
gesture tracking. 

A conventional thermostat responds to a change in temperature and the HVAC system supplies 
conditioning, using an anticipation algorithm to limit overshooting the desired temperature. The 
anticipation algorithm takes into account the capacity of the HVAC system and other thermal 
characteristics of the building.  A similar gesture-based anticipation algorithm needs to be developed. 
The algorithm must capture the rate of change in TCI arising from HVAC operation.  

Heating and cooling systems might need further modifications to incorporate gesture control. If, for 
example, gestures provide a more sensitive measure of thermal comfort, then smaller, more precise 
HVAC output could be exploited.  Greater precision might be accomplished by a dedicated, low-
capacity feature, rather than full-load cycling.  The impacts on energy consumption depend on the 
technology. 

The first step in answering these questions is to perform a series of pilot tests. These tests should take 
place in both controlled and typical environments.  The tests in a controlled environment could help 
verify the link between gestures and thermal comfort.  The tests in actual buildings would demonstrate 
the feasibility of integrating the gesture data into HVAC controls. 

Conclusions 

We described a new method of assessing a person’s thermal comfort based on close observation of 
human gestures. It relies on the voluntary and involuntary actions that a person takes to ensure that a 
heat balance with the environment is maintained. The method is potentially more objective than 
current methods based on people’s responses because it is based on a person’s actual adjustments 
to maintain a heat balance with the environment.  The method has only recently become feasible 
because of the declining costs of tracking skeletal geometry and the software available to convert this 
information to gestures. 

A key feature of the method is a library of gestures related to thermal comfort. Each gesture has a 
description of the skeletal geometry associated with it. We assembled a preliminary library and created 
skeletal definitions to some of those gestures to demonstrate proof of concept; ultimately, this library 
can be standardized and made available to other researchers. 

We demonstrated that tracking gestures could be converted into a metric, the Thermal Comfort Index 
(TCI) that reflects a person’s current thermal comfort.  The TCI could then drive an HVAC system and 
provide a highly-personalized thermal environment. 

Each step in the development of this method raises new questions regarding the nature of thermal 
comfort and the technologies used to satisfy a person’s need for thermal comfort.   Nevertheless, the 
rapidly-improving capabilities in sensing, tracking, and computing mean that tracking and interpreting 
gestures will soon be even more effective.   It will be a fruitful area for further research and, potentially, 
saving energy.  
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Abstract 

For nearly a century, manufacturers, researchers, and amateur tinkerers have envisioned a future 
where everything in the home is controlled by the push of a button. As more devices within the home 
communicate via WiFi and smart phones, the connected home of science fiction may finally be closer 
to reality. Numerous technology, appliance, security, and telecommunications companies offer smart 
home products for early adopters. But when will everyone else join the connected home party? 

Connected home technologies offer a promising future for various stakeholders such as homeowners, 
utilities, manufacturers, service providers, and policy makers, but achieving mainstream adoption 
remains elusive. Each actor has its own drivers, specifications, and objectives for the connected 
home, leading to conflicting priorities and lost opportunities. 

Utilities in particular have a lot to gain from connected home technologies for demand response (DR), 
zero-net-energy (ZNE) home integration, and targeting hard-to-reach customers. However, utilities 
have taken a secondary role in this transition to quick-moving technology developers, partly due to 
their historically risk-averse nature. Nevertheless, the goals of utilities and technology developers are 
aligned in many areas and both groups can benefit from collaboration.  

The paper investigates why the connected home dream still intrigues the public even after decades of 
false starts, and how stakeholders can avoid short-term strategies that could harm long-term 
opportunities. We propose a roadmap to enable widespread adoption of connected home technologies 
by finding common goals among stakeholder groups (particularly utilities and technology developers), 
and to connect individual efforts towards a larger vision. The paper focuses on the U.S., but many key 
themes are relevant to other countries experiencing utility and smart home technology 
transformations. 

The Potential Benefits of Smart Home Technologies 

A quick glance at the websites of prominent Internet of Things (IoT) product manufacturers might 
indicate that the connected home of the future has already arrived. A walk down the aisles of big box 
retailers suggests that consumers could upgrade their analog home to a smart home that will cater to 
their every need with only a few simple do-it-yourself (DIY) products. In reality, the connected home of 
2017 is still some years away from fulfilling the vision where everything within the home is controlled 
by the push of a button. 

For nearly a century, manufacturers, researchers, amateur tinkerers, and even TV and movie directors 
have promised us that the connected home of future will be here tomorrow. Everything from the 
Jetsons to World’s Fair pavilions have created excitement for a connected home in the public 
consciousness. However, for most people, smart home technology is currently limited to smartphones, 
WiFi widgets attached to appliances, or voice-controlled speakers. While these devices will likely play 
a critical role in consumers’ interaction with connected homes, they will not create sufficient value for a 
critical mass of stakeholders to drive broad market adoption of connected homes. 

Indeed, the IoT and connected home movement offers a promising future for various stakeholders, 
including consumers, utilities, manufacturers, service providers, and policy makers. As more “things” 
join the internet, each of these stakeholders may enjoy new or improved benefits, as shown in Table 1. 
While some of these benefits are unique, such as lifestyle convenience, demand side management 
(DSM), new product development insight, and subscription retention, others are shared, like energy 
savings, remote control, more data, etc. 
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Table 1. Potential Smart Home Technology Benefits for Various Stakeholders 

Stakeholders Potential Benefits of Smart Home Technologies 

Consumers  

(Homeowners, 

Renters) 

 Convenience

 User Experience

 Security

 Peace of Mind

 Energy/Cost Savings

 Elder/Child Care

Utilities 

 Improved Customer
Engagement

 Data-driven Insight

 Peak Load Reduction

 Base Load Energy Efficiency
(EE)

 New Revenue Streams

 Renewable Energy Integration

Manufacturers 

 Improved Customer
Engagement

 Proactive Maintenance

 Data-driven Product
Development Insight

 Revenue Growth Opportunity

Service Providers  

(Security, Internet, 

Entertainment, Service 

Contractors, Retailers)  

 Increased Brand Awareness

 Revenue Growth Opportunity

 Stickier Subscriptions

 Proactive Maintenance

Policy Makers 
 Energy Savings

 Emissions Reductions

 Zero Net Energy (ZNE)
Integration

 Electric Vehicle (EV) Adoption

Just as these stakeholders have unique and shared benefits, these actors have unique and shared 
drivers, requirements, and goals for the connected home market. Unfortunately, these drivers often 
conflict and could derail the promise of the connected home vision, especially as each stakeholder 
asserts itself in this rapidly growing market. Consumers and governments look for privacy and security 
within the home, while manufacturers and service providers look for data-driven insights on how 
customers interact with their products. Utilities strive for controllable loads within the home for demand 
response (DR), while consumers want comfort and convenience on their schedule and without 
interference from outside parties. Because connected home technologies impact such intimate 
aspects of peoples’ lives, some conflicts, such as data privacy and security, are inherent, but wide 
adoption can occur only once the industry can address key issues that inhibit other stakeholders from 
fully committing. These conflicts multiply as one looks across countries and continents, where the 
regulatory, social, and competitive landscapes differ drastically. No group can drive the transformation 
alone; instead, these stakeholders must take a collaborative approach that recognizes these conflicts 
and finds common goals to affect the changes necessary for all parties to benefit. 

Unfulfilled Promise of Historical Smart Home Visions 

The “home of tomorrow” concept is not new to popular culture, with numerous ideas proposed 
throughout the 20th century that feature greater convenience through automation, connectivity, and 
customization. Each of these connected home visions are interesting, especially in retrospect, but they 
failed to reach wider adoption by not addressing a common set of barriers. As Figure 1 illustrates, 
many past iterations fall short due to high barriers of entry (e.g., installation complexity, high cost, 
product availability) or unclear value proposition relative to their cost (e.g., limited control interfaces or 
capabilities). A 1950 Popular Mechanics issue details how a Michigan homeowner installed a 
homemade system to automate functions like closing a window or checking if the doors were closed 
using a complex system of buttons, pulleys, timers, motors, and a mile of wire [1]. In the 1970s, the 
X10 home automation system provided centralized control of lights and other appliances over the 
home’s electrical wiring, which saved on installation complexity, but introduced communication 
interference, and limited capabilities to on/off and dimming controls [2]. The late 1990s vision of the 
smart home from Microsoft featured automatic security sensors, voice commands, customized one-
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button lighting, sound, and window settings, but never achieved wider acceptance due to high cost 
and limited product availability [3]. These ideas worked as one-off demonstrations or features for 
wealthy early-adopter homes but failed to catch on with the wider audience due to their shortcomings.  

Without a coordinated effort among major stakeholders, today’s IoT era of smart home technologies 
could follow the same path as previous attempts. For example, poor interoperability limits the ability for 
consumers to see their products working together seamlessly, and underwhelms consumer 
expectations, even with lower costs than previous attempts. To avoid past failures, the key 
stakeholders for connected home technologies must collaborate to overcome differences and provide 
a clear and enticing value proposition to consumers. Beyond a simple list of product capabilities or 
specifications, this requires a collaborative roadmap where stakeholders can put aside short-term 
strategies that could harm long-term growth of the industry. For example, utility executives, policy 
makers, and consumer advocates may judge all connected home products as “more harm than good” 
based on recent reports of unsecured WiFi-connected products creating internet blackouts [4], spying 
on children [5], or remotely controlling a moving car [6]. Whether warranted or not, public perceptions 
of an industry based on the most negative examples can substantially harm progress for new 
technologies.  

Figure 1. Adoption Barriers for Historical Smart Home Concepts 

This paper focuses primarily on the U.S. market, but several key themes are common in other 
countries experiencing transformations in smart home and utility technologies. In many markets, the 
adoption of smart home technologies is on par or ahead of the U.S. and could provide an example for 
U.S. utilities and technology developers. For example, several European utilities (e.g., British Gas’ 
Hive, RWE’s Innogy SmartHome) currently offer customers smart home technologies and services 
such as connected thermostats, security sensors, and smart plugs, all connected through a mobile 
app [7] [8]. In other markets, telecommunications companies (e.g., LG Uplus IoT in South Korea) are 
bundling smart home connectivity and energy consumption tracking along with more traditional 
offerings like mobile phone, internet, cable, and other monthly plans [9]. Nevertheless, the smart home 
vision and pathway will vary around the world as each market has its own set of unique attributes, 
including the role of utilities, telecommunication companies, technology developers, and other major 
stakeholders, data protection and privacy laws, and consumer preferences.  

The Role of Utilities in Connecting the Smart Home to the Grid and Wallet 

The smart home transition has already begun for technology developers and consumers, but requires 
a set of lead stakeholders to initiate partnerships and guide progress. Widespread adoption has not 
yet occurred, in part because the value proposition that utilities can provide has not been emphasized 
yet, and the slower, risk-adverse nature of the utility industry lags the faster technology community. 
Utilities can use connected home technologies to help address many of the threats and challenges 
they face in the coming years, while offering technical, market, and regulatory guidance to other 
stakeholder groups.  
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Key Benefits and Opportunities for Utilities 

Utilities are experiencing a transformation to incorporate advanced metering, renewable energy, 
distributed energy resources, and other smart grid technologies, while at the same time seeing 
traditional revenues from residential energy consumption diminish. As building codes and federal 
appliance energy efficiency standards stabilize or reduce residential energy consumption, a new 
“prosumer” customer is increasingly able to cost-effectively generate electricity on-site for use in the 
home. Electric vehicles (EVs) can offset this loss of load for utilities, but will create their own issues, 
without proper management.  

This future of higher operating cost with diminishing revenues from traditional tariff structures poses a 
significant threat to the utility business model. Smart home technologies can help mitigate these 
threats by providing greater insight and control into the energy consumption of the home, and even 
identifying new opportunities to address grid issues. Fortunately for utilities, appliance manufacturers, 
technology vendors, and homeowners are already driving the market among early adopters, and the 
utility market is already reaping benefits. Smart thermostats have improved upon programmable 
thermostats to offer greater use of setback scheduling for energy savings and participation in DR 
programs. The popular ENERGY STAR certification and labelling program offers increased credit for 
DR-capable products in select appliance categories.  

Table 2 highlights the benefits that smart home technologies could offer utilities in the coming years to 
address key issues and trends in the marketplace. Smart home technologies offer opportunities to 
increase DR capabilities, the effectiveness of time-of-use (TOU) rates, and facilitate energy efficiency 
outreach to hard-to-reach customers. The technologies also offer a way to address load scheduling 
issues for zero net energy (ZNE) homes with solar photovoltaic (PV), battery, and EV systems. 
Beyond traditional utility businesses, utilities can also work with manufacturers and other vendors to 
offer packages and services to their customers through online marketplaces or as a new service.  

Table 2. Key Issues for Utilities Addressed by Smart Home Technologies 

Key Drivers Issues for Utilities 
Benefits from Smart 
Home Technologies 

Supply / 
Demand 
Mismatch 

 Increased renewable penetration
creates greater variability, and large
ramp up of fossil-fuel generation in
early evenings.

 EV charging creates a new variable that
may exacerbate hourly supply/demand
issues, creating negative price periods.

 Heat pump adoption in cold-climates
creates new peak demand during
winter heating season.

 More home loads can participate in DR
scheduling.

 Make better use of TOU rates.

 Appliances can communicate with each
other to flatten load curves.

 Verification of DR opt-in and delivery.

Zero-Net-
Energy 
Homes 

 Lower energy consumption combined
with on-site solar PV and battery
storage systems will decrease the
annual electricity consumption provided
by the utility grid.

 Grid-sited assets create large swings in
hourly net production and consumption
from the grid perspective.

 Batteries allow greater DR capabilities
to smooth out peak demand of
individual homes and neighborhoods.

 Can coordinate between appliances
and batteries to use solar PV
production and avoid over-generation.

 Significant energy savings from building
techniques, envelope measures,
appliances, etc.
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Key Drivers Issues for Utilities 
Benefits from Smart 
Home Technologies 

Hard-to-
Reach 
Customers 

 Low-to-middle income and multi-family
customers have been traditionally hard
to reach for EE, TOU, and other
programs.

 Smart home tech can provide insight
into a home’s energy consumption,
uncovering specific recommendations
to address opportunities.

 Greater communication of energy
consumption and cost to better plan
monthly / seasonal costs.

Electric 
Vehicles 

 EV chargers potentially create a
significantly large load within the home
and pose issues during peak demand
periods.

 But EVs can be a new grid asset with a
large battery pack and potential
flexibility for overnight charging.

 Smart chargers can communicate with
other assets in the home to reduce
peak events, utilize on-site production
and storage.

 Homeowners can communicate
preferences through a single app to
properly charge/discharge overnight.

Flat Demand 
/ Revenue 
Growth 

 Utilities generate revenue through the
production and/or distribution of
electricity to customer’s homes.

 Energy efficiency has reduced growth
rate of electricity consumption, and on-
site renewable energy can reduce the
amount of grid power homes use.

 New revenue stream through selling
items, controlling assets, offering new
load opportunities (smart EV charging
tariffs).

How Utilities Enable Benefits for Other Stakeholders 

The culture of most utilities contrasts sharply with the rapid evolution of the connected home market. 
Nevertheless, utilities are well positioned to lead the market transformation for smart home 
technologies based on their market position, the quantifiable benefits of embracing connected home 
products, and their technical expertise in energy and communication technologies. Several of these 
benefits include: 

 Standards Development – Utilities participate in the development of industry-wide technical,
safety, communication, and other standards, and enforce their usage throughout their
operations. Today, smart home technologies have a long list of disparate standards and
protocols, which hurts interoperability and inhibits market adoption. Utilities have extensive
experience bringing together different stakeholders such as manufacturers and regulators to
find common ground when developing industry standards.

 Marketing Relationships – Through monthly bills, advertisements, and branding on company
vehicles, homeowners are familiar with the name of their utility companies and the role they
play in the home. Utilities can advertise the benefits of connected home technologies as part
of mailers, provide information about rebates, and even provide information on where they can
buy technologies. Increasingly, more utilities are offering online “storefronts” that show where
certain technologies can be purchased and facilitate rebate transactions.

 3
rd

 Party Validation – Because utilities have provided reliable service to a community for
decades, consumers usually trust their utility more than a new gadget vendor. When utilities
provide qualified products lists, consumers believe the products have some tacit approval and
meet certain performance standards. As cybersecurity and privacy of smart home
technologies becomes more important, this qualified products list can also give consumers
peace of mind that they are purchasing products that align with their priorities and concerns.
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 Utilities Touch Everyone – Utilities are uniquely positioned because they collaborate with
residential, business, and industrial customers, state and federal policy makers,
manufacturers, homebuilders, and other stakeholder groups. While the level of leadership
differs in each situation, utilities interact with these wide-ranging groups, and understand their
key drivers and concerns. Because smart home technologies require cross-industry
collaboration for such a wide range of topics, utilities can leverage their relationships to drive
stakeholder cooperation.

 Reliability and Cybersecurity – As connected products play a larger role in the home,
reliability and cybersecurity will be critical to the continued growth of the smart home market.
Utilities already have experience with reliable and secure operations, and can help product
manufacturers maintain standards and practices that reduce the potential for security
breaches. In addition, utilities must address these issues because smart home technologies in
the wrong hands could pose issues for their own reliability and cybersecurity.

 EE / DR / TOU Incentives – Many smart home technologies provide tangible benefits to
utilities in the form of EE and DR. Because smart home technologies along with smart meters
can provide better EE measure verification, utilities can offer an upfront rebate, annual rebate,
or special “pay for performance” rate that can significantly improve the economics for smart
home technologies. Lower cost to the homeowner will increase the attractiveness and
adoption, and signal which features manufacturers should include with smart home
technologies.

Some observers may believe that utilities are better suited as followers, rather than leaders, in major 
technology shifts. Customer complaints related to smart meter deployment may support this claim, but 
there are other examples where utilities played a major role in bringing new technologies to market, 
such as the Open Automated Demand Response (OpenADR) standard.  The California energy crisis 
in the early 2000s highlighted the need for utilities to call upon behind-the-meter assets to reduce 
electricity consumption during critical times. In collaboration with the California Energy Commission 
and Lawrence Berkeley National Laboratory, the three largest California electricity utilities supported 
specification development, conducted pilot demonstrations, and introduced customer programs with 
technologies using the OpenADR standard. The utilities’ unique role as both experts and users of the 
technology was critical in the early success of the OpenADR standard, which is now in use by utilities 
and technology developers across the U.S. and internationally. [10] 

Collaborative Development of Connected Home Technologies 

Strengths and Weaknesses of Technology Developers and Utilities  

As the previous section discussed, utilities have a lot to gain from the connected home future and are 
well positioned to lead some of the transition. However, utilities are a secondary player in the market 
today, as consumers look to technology developers to drive innovation. Figure 2 highlights the 
strengths and weaknesses utilities and technology developers each bring to the connected home 
market.  
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Figure 2. Strengths and Weaknesses of Technology Developers and Utilities 

Various internet, device, appliance, and entertainment companies have added smart home capabilities 
into their products to extend their brands further into the customer experience and provide additional 
functionality. These companies are transforming both traditional and new market segments with 
creative and exciting products and services that appeal to a wide range of consumers. Even without a 
utility rebate, homeowners are excited about purchasing all sorts of smart home technologies to 
provide remote connectivity, diagnostics, automatic scheduling, etc. At present, utilities are missing out 
on the opportunity for increased energy savings, DR, and other features by not partnering with the 
technology developers. Even the most advanced utility EE/DSM programs require several months (if 
not years) of analysis, demonstration, and deliberation to create a new program. Technology 
developers move on a completely different timescale than utilities, with frequent software updates that 
introduce new capabilities without any hardware upgrades. These developers are increasingly 
bypassing any support from utility EE/DSM programs to communicate their benefits directly to 
consumers.  

However, technology developers are envious of the position that utilities hold within the home and 
their revenue model. Utilities have an established, stable customer base with predictable recurring 
revenue, and a monthly touchpoint with the customer through the utility bill. Utilities also have an 
easier time raising funding for capital projects due to their established revenue base, along with 
regulatory support. In contrast, technology developers may struggle to raise working capital to build 
inventory, increase staffing, advertise to customers, and build their sales network. In addition, new 
technologies may face regulatory hurdles, especially when the products and services involve the 
safety, security, and reliability of electrical infrastructure in the home or surrounding grid. Many newer 
technology companies, such as Airbnb and Uber, greatly expanded their user base despite regulatory 
roadblocks, but technology developers in the energy field may face greater hurdles due to the 
historically risk adverse utility industry and regulators [11]. Even with a great idea, technology 
developers may struggle to scale the business quickly without significant support from a parent 
company or large cash reserves.  

Finding Mutual Ground to Overcome Conflicts 

Utilities and technology developers offer unique capabilities to increase the adoption of connected 
home technologies, but disjointed coordination will stall efforts by both parties. As Figure 2 illustrates, 
each party’s strengths can address the weaknesses of the other, forming the basis for a beneficial 
collaboration. Utilities have an advantage in experience, market positioning and scale to roll out 
connected home capabilities to customers, but lack the creativity, technical skills, and speed to deliver 
products and services consumers want. Conversely, technology developers can build great products 
quickly, but have difficulty reaching customers, accessing funding, and addressing regulatory 
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concerns. As Figure 3 shows, working together combines the strengths of each group to address 
conflict areas such as safety, reliability, privacy, and security. A combined approach can also facilitate 
interactions with policymakers and regulatory agencies, who can support RD&D through grants, 
promotion to low-income customers, and allow new utility programs, tariffs, and revenue streams for 
regulated markets.  

Figure 3. Value Proposition of Utility and Technology Developer Collaboration 

Table 3 outlines the key advantages of the combined approach for utilities and technology developers. 
These benefits suggest that collaboration between utilities and technology developers can provide a 
pathway to unlocking the connected home future for all stakeholders.  

Table 3. Key Benefits from Utility and Technology Developer Collaboration 

Value 
Proposition 

Utility Benefit Technology Developer Benefit 

Technology 

 Gain greater access to new
technologies by partnering with
developers earlier in the process.

 Ensure that key features utilities
require to communicate EE/DSM
opportunities to homes, measure
savings, verify participation, etc. are
included in new technologies.

 Bring more capable products to market
and improve the economics for
homeowners through greater upfront
rebates and other incentives.

 Better understand the reliability and
cybersecurity requirements needed to
better interact with utility-owned assets
such as smart meters.

Funding 

 Utilities can streamline laboratory
and field demonstrations with
technology developers, which can
quantity savings and other benefits
for both their own customers and
other utilities.

 Utility supported studies provide 3rd
party validation from a major brand,
helping technology developers secure
additional capital and/or purchases,
improving long term viability.

 Utility incentive payments improve the
economics for consumers, which
support increased sales and adoption of
connected home products.

Consumer 
Excitement 

 Opportunity to co-develop new
products, services, rate plans, and
DSM programs that also integrate
with their monthly bills for an
integrated experience.

 Improve their value proposition to
skeptical customers with lower prices
through incentives and connection with
the utility’s local brand.
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Value 
Proposition 

Utility Benefit Technology Developer Benefit 

Market 
Presence 

 Increase market participation in DSM
programs by offering products and
services with better design features
and customer support.

 Enable outreach to a greater audience,
beyond tech-savvy early-adopter,
through co-marketing with utilities.

 Expanded leverage with local and
national retailers and distributors to offer
products in more places, with point-of-
sale marketing and rebates.

Speed 

 Gain access to technologies that can
be updated regularly with new
features and capabilities.

 Opportunity to streamline the
connection and enrollment process
for connected home technologies to
the utility communication
infrastructure.

 Enable validation of product benefits
through demonstrations and accelerate
adoption by DSM programs.

Regulatory 
Experience 

 Increased comfort with customers
installing systems connected to grid
assets because products pass
certification standards utilities
participated in developing.

 The groups can propose joint
demonstrations to policymakers to
quantify the benefits of new
technologies and create the path to
include the technologies in wider
EE/DSM initiatives.

 Utilities can assist technology
developers in certifying their products to
technical, safety, communication,
reliability, and other standards.

Summary & Conclusions 

Manufacturers and technology developers are finally bringing the smart home future to reality by 
offering comfort, convenience, and peace of mind benefits for affluent early adopters. However, 
delivering connected home products to a wider audience requires coordination with utilities and policy 
makers who can enhance product viability and attractiveness, but may also be reticent to participate 
due to security, reliability, and other concerns. Utilities can use connected home technologies to 
address supply/demand mismatch, flat revenue growth, and customer engagement issues, but the 
industry’s risk adverse culture clashes with the fast-moving ethos of the technology community. 
Conversely, the first-to-market approach of technology developers can create new market and 
regulatory issues that ultimately may lead down the familiar and disappointing cycle of stalled smart 
home adoption.  

Leaders in the utility and technology communities need to recognize their collective strengths to 
address the technical, market, and regulatory challenges facing connected home technologies. Both 
can benefit from a more collaborative relationship, particularly through industry-wide activities that 
avoid piecemeal adoption across particular states or utility service territories. Acting alone, neither 
party can overcome the issues of standards adoption, interoperability, cybersecurity, tariff 
development, data sharing, and other topics. Together, utilities and technology developers can ensure 
new products and services address the needs and concerns of all parties through collaborative 
standards development and joint demonstrations, and then accelerate the adoption of technologies 
through incentive programs, rapid customer enrollment, and local retail partnerships.  

The technology availability and market need for connected home technologies exists today, but 
stakeholder groups must leverage their combined abilities to achieve the larger vision. Figure 4 
outlines a set of collaborative activities for utility and technology leaders that could enable widespread 
adoption of connected home technologies. This roadmap articulates several areas where utilities and 
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technology developers can work together to overcome the pitfalls of past smart home endeavors. 
Other stakeholders, such as policy & regulatory agencies and consumer groups, have a supporting 
role in several roadmap activities as well. Together, utilities and technology developers can finally 
unlock the tremendous benefits that connected home technologies offer for consumers’ daily 
interactions with their homes and the wider goal for a more sustainable energy future.  

Figure 4. Roadmap of Key Activities for Utility and Technology Developer Collaboration [12] 
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