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Abstract — Buildings are responsible for about 40% of 

global energy consumption, 42% of global CO2 emissions and 

about 30% of global fresh water consumption. Therefore, the 

importance of energy and water consumption benchmarking in 

buildings has become a major objective for governments and 

relevant authorities, in order to reduce the energy and water 

consumption by the buildings. Energy consumption 

benchmarks for commercial sector, hospitality industry, 

apparel industry and tea processing industry have been already 

developed and are available for Sri Lanka.  However, electricity 

and water consumption benchmarking for retail supermarkets 

have not been established yet. Therefore, during this study, 

electricity and water consumption benchmarking for Sri 

Lankan retail supermarkets were estimated and proposed. 

According to the analysis, electricity consumption benchmarks 

were obtained as 780.0 kwh/year/m2 per sales floor area and 

465.4 kwh/year/m2 per total floor area. Moreover, mean specific 

electricity costs were obtained as 19,465.90 Rs/year/m2 per sales 

floor area and 11,621.20 Rs/year/m2 per total floor area, 

provided that electricity cost is calculated per GP 2 tariff 

structure of Ceylon electricity board. In addition, water 

consumption benchmarks were obtained as 246.5 L/year/m2 per 

sales floor area and 137.2 L/year/m2 per total floor area. 

Moreover, a building energy simulation model was developed 

using eQUEST simulation software, to obtain the specific 

electricity consumption and average annual electricity 

consumption breakdown of the retail supermarkets. Eventually, 

the results obtained from the simulation model were validated 

against the results obtained from the numerical model, and then 

compared and verified with the international benchmarks 

established for retail supermarkets. 
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I. INTRODUCTION 

Buildings are responsible for over 40% of the global energy 
consumption and, approximately 60% of local energy 
consumption in Sri Lanka due to growing population and 
urbanization. Sri Lankan construction industry undergoes a 
rapid growth since 2010, due to the increasing number of 
development projects commenced by various developers, as a 
result of the post-war development boom of the country. This 
has boosted the energy and water consumption demand, which 
created concerns for relevant local authorities of the country. 
Therefore, various researches have been conducted on energy 
consumption and water consumption demands of the 
buildings, and benchmarking.  

Energy consumption benchmarks in Sri Lankan context are 
available for commercial sector (Table 1), hospitality industry, 
apparel industry and tea processing industry, which are 

established by Sri Lanka Sustainable Energy Authority 
(SLSEA). However, energy benchmarks are not available in 
local context for retail (supermarkets), educational, healthcare 
and residential building sectors. Moreover, it was identified 
that, water consumption benchmarking is a major research gap 
in Sri Lanka, as the water consumption benchmarks have been 
developed only for Hospitality Sector. Therefore, this research 
has been carried out to establish the electricity and water 
benchmarks for retail supermarkets in Sri Lanka. 

TABLE 1: SUMMARY OF ELECTRICITY BENCHMARKING FOR COMMERCIAL 

SECTOR IN SRI LANKA 

Primary 

Building 

function 

Tariff 

Category 

Specific consumptions 

obtained through energy 

audits (kWh/year/m2) 

SLSEA 

benchma

rk [1] 

Commercial 
office 

GP1 150.69 

136.5 
Commercial 
office 

GP2 132.15 

Commercial 
office GP3 226.50 

 

II. METHODOLOGY 

There are four major techniques for benchmarking, which are 
‘Statistical analysis benchmarking’, ‘Points-based rating 
systems’, ‘Simulation model-based benchmarking’ and 
‘Hierarchical and end-use metrics’ [2]. This study was 
designed based on ‘Statistical analysis benchmarking’ method 
as it requires collection of actual consumption data from 
buildings and comparing with similar types of other buildings. 
Moreover, it allows benchmarking using real data and 
compare the building performances with respect to the 
developed benchmark. Since most of the new building 
projects tend to implement energy efficiency measures and 
renewable energy systems, statistically developed 
benchmarks appear to become stringent with the time. 

Out of the several retail supermarket chains that are operated 
in Sri Lanka, one of the prominent retail supermarket 
operators agreed to share the required data for this study as 
they had historical water and energy consumption data of their 
island-wide retail supermarket outlets. Data such as, location 
of the supermarket, electricity supplying authority, water 
supplying authority, Monthly and Annual electricity 
consumption, Monthly and Annual water consumption, Total 
floor area (TFA),   Sales floor area (SFA) and Average number 
of occupants within operating time were obtained from 101 
island-wide retail supermarkets of this retail group. 



 

 

Electricity consumption data recorded for past 12 years from 
2008 to 2020 and water consumption data recorded for past 3 
years from 2018 to 2020 were obtained from each outlet. 

A. Electricity Consumption Analysis 

Collected data from 101 supermarkets was analyzed using 
Microsoft Excel and JASP Statistical Analysis software. The 
outlets of the supermarket chain had recorded the electricity 
consumption and electricity cost in monthly basis. Therefore, 
the monthly data was added up to obtain the figures for annual 
electricity consumption in kilowatt hours (kWh/year) and 
annual electricity cost in Sri Lankan Rupees (Rs/year) from 
2008 to 2020. Electricity cost was calculated for these 
supermarkets according to the GP2 (General Purpose – 2) 
tariff structure by Ceylon Electricity Board.  

Then, these annual data for the 101 locations were divided by 
sales floor area and total floor area, to create four data sets. 
Sales floor area (SFA) is defined as the area that is accessible 
to the customers. This excludes spaces such as offices, storage 
areas, kitchen areas (if available) and toilets. Total floor area 
(TFA) is defined as the area enclosed by building envelope, 
which include the sales area, offices, storage areas, kitchen 
areas (if available) and toilets.  

The annual average electricity consumption and electricity 
cost across all 101 locations were calculated from 2008 to 
2020 for the two scenarios in terms of SFA and TFA.  
Analyzed four types of electricity related parameters are as 
follows. 

Specific Electricity 

Consumption TFA

(kWh/sqm/year)

�  =
Annual Electricity Consumption

Total Floor Area (TFA)
 (1) 

 

Specific Electricity 

Consumption SFA

(kWh/sqm/year)

�  =
Annual Electricity Consumption

Sales Floor Area (SFA)
 (2) 

 

Specific Electricity 

Cost TFA

(kWh/sqm/year)
�  =

Annual Electricity Cost

Total Floor Area (TFA)
                  (3) 

 

Specific Electricity 

Cost SFA

(kWh/sqm/year)
�  =

Annual Electricity Cost

Sales Floor Area (SFA)
                  (4) 

 

Annual variations of these four parameters were analyzed 
from year 2008 to 2020. Moreover, the relationship between 
the annual electricity consumption and annual electricity cost 
with the floor areas were developed using linear regression. In 
order to develop the benchmarks for electricity consumption 
and cost, most recent data from 2016 to 2020 were selected 
and analyzed. 

B. Building Energy Simulation 

Analyzing the electricity consumption patterns of a building 
is important in benchmarking, as it helps the building owners 
to identify the main electricity end-uses within the facility. It 
allows them to attend to the systems which require 
improvements to reduce the consumption.  

 
However, sub-metering of different systems is not commonly 
practiced in most of these supermarkets, as they are more 
concerned about the total electricity cost. Therefore, a 
building energy simulation has been carried out for one of 
these supermarkets to assess the energy consumption by the 
different systems of the facility. Energy simulation was 
performed using “eQUEST” simulation software with the 
weather file for Colombo. Building was modeled for the 
actual building envelope, actual fenestration and internal 
loads. Utility systems such as lighting, air conditioning and 
ventilation fans were modeled as built. Operating hours of the 
outlet are from 7 am to 10 pm, which is reflected in the 
simulated model. In addition, the actual electricity tariff (GP 
2) was modeled in the simulation program. One of the major 
issues in the modelling process was to accurately define the 
number of occupants within the building over the operating 
hours. Because, keeping track of the number of people 
entering the building appeared to be a difficult task. 
Therefore, it was decided to define the number of occupants 
according to the expected average daily inflow to the 
supermarket. This was based on the architectural standards 
for floor area requirement per one person within a 
supermarket, and the busiest times of the day. 3D model of 
the simulated building is shown by Figure 1. 
 

 
Figure 1: 3D Model of the simulated supermarket building 

Simulation results were obtained for annual electricity 
consumption, annual electricity cost and electricity end use 
percentages. 
 

C. Water Consumption Analysis 

Similar to the electricity consumption analysis, water 
consumption of these 101 supermarkets from 2018 to 2020 
was analyzed. Unlike other types of buildings, specific water 
usage for supermarkets had to be obtained in terms of Liters 
per floor area per year (L/m2/year). This was mainly due to 
the difficulties in tracking the number of occupants within the 
premises at a given time. Following two parameters were 
analyzed. 
 

Specific Water 

Consumption TFA

(L/sqm/year)

�  =
Annual Water Consumption

Total Floor Area (TFA)
                  (5) 

 
Specific Water 

Consumption SFA

(L/sqm/year)

�  =
Annual Water Consumption

Sales Floor Area (SFA)
                  (6) 



 

 

Benchmarks were developed for above two parameters using 
the recorded consumption data from 2018 to 2020. 

III. RESULTS 

A. Electricity benchmarking results of Retail Supermarkets 

First, the average annual electricity consumption was plotted 
against the sales floor area (SFA) and total floor area (TFA), 
in order to identify the relationship between the annual 
electricity consumption and floor area. Variation of annual 
electricity consumption with SFA is shown in Figure 2. 
 

 
Figure 2: Variation of annual electricity consumption with SFA 

 

It was observed that, the annual electricity consumption 
increases with the SFA. Relationship between annual 
consumption and SFA is obtained through linear regression, 
as shown in (7). 
  

Annual Electricity 

Consumption 
�  = 0.4866 * SFA + 163.66          (7) 

 

Similarly, variation of annual electricity consumption with 
TFA is shown in Figure 3. 

 

Figure 3: Variation of annual electricity consumption with TFA 
 

Relationship between annual electricity consumption and 
TFA was also obtained through linear regression. 

Annual Electricity 

Consumption 
�  = 0.2811 * TFA + 169.6          (8) 

 

Once the relationships between annual electricity 
consumption and floor areas were established, specific 
electricity consumption (kWh/sqm/year) and specific 

electricity cost (Rs/sqm/year) was analyzed in terms of SFA 
and TFA for the last five years (2016-2020), in order to 
develop benchmarks.  

Figure 4 and Figure 5 show the histograms for specific 
electricity consumptions (kWh/sqm/year) in terms of SFA 
and TFA, respectively. 

 
Figure 4: Specific electricity consumption (per SFA) from 2016 to 2020 

 

 
Figure 5: Specific electricity consumption (per TFA) from 2016 to 2020 

 
Figure 6 and Figure 7 show the histograms for specific 
electricity costs (Rs/sqm/year) in terms of SFA and TFA, 
respectively. 
 

 
Figure 6: Specific electricity cost (per SFA) from 2016 to 2020 

 
 



 

 

 
Figure 7: Specific electricity cost (per TFA) from 2016 to 2020 

 
 

Summary of the obtained results are given in Table 2: 

SUMMARY OF ELECTRICITY BENCHMARKING ANALYSIS 
2. 
 

TABLE 2: SUMMARY OF ELECTRICITY BENCHMARKING 

ANALYSIS 

Parameter Minimum Maximum Mean 
Standard 

Deviation 

kWh/year/m2 

(SFA) 
350.1 1,631.6 780.4 179.7 

kWh/year/ m2 

(TFA) 
164.1 952.7 465.4 113.8 

Rs/year/ m2 

(SFA) 
8,554.4 40,655.5 19,465.9 4,706.7 

Rs/year/ m2 

(TFA) 
4,126.0 26,180.1 11,621.2 3,078.5 

 

B. Building energy modeling results of retail supermarkets 

Monthly electricity breakdown and annual average electricity 
percentage breakdown were obtained from the simulated 
energy model. Results are given in Figure 8 & Figure 9, 
respectively. 

 
Figure 8: Simulation Output - Monthly electricity consumptions 

 

 

Figure 9: Simulation Output – Average annual electricity breakdown 
 

Furthermore, the specific electricity consumption and 
specific electricity cost obtained from the simulation were 
compared with the benchmarks developed in this study 
(“Mean” column of Table 2). Error! Reference source not 

found. illustrates the comparison of benchmarks obtained 
from energy simulation model with the benchmark obtained 
from numerical model, and the actual consumption and cost 
figures for the simulated building. Electricity cost was 
calculated using the actual tariff rate for the building, which 
is GP 2 tariff structure from CEB. The conversion rate was 
assumed as 1 USD = SLR 198.00 on the date of the 
simulation.  
 

TABLE 3: RESULTS COMPARISON - SIMULATION MODEL VS 

NUMERICAL MODEL VS ACTUAL 

 

Simulation model 

benchmarks 

Numerical analysis 

benchmarks 

Actual Consumption 

& Cost of the 

Simulated Building 

kWh 
/year/ 
sqm 

Rs 
/year/ 
sqm 

kWh 
/year/ 
sqm 

Rs 
/year/ 
sqm 

kWh 
/year/ 
sqm 

Rs 
/year/ 
sqm 

Per 
SFA 

750.0 18,255.0 780.4 19,465.9 698.6 17,415.5 

Per 
TFA 

468.9 11,414.7 465.4 11,621.2 436.8 10,889.7 

 
It can be observed that, energy simulation results are much 
closer to the developed benchmarks through numerical 
analysis, and higher than the actual figures of the particular 
building. Actual consumption and simulated consumption 
can vary depending upon the variations of occupant loading 
inside the building. As explained, occupancy was modeled 
using the assumptions considering the time of the day and the 
architectural standards for floor area per person. However, 
actual scenario cannot be predicted 100% accurately, where 
occupant loading can differ from the assumed conditions. In 
addition, actual operational diversities of internal loads such 
as MVAC systems also can cause differences between the 
actual results and simulated results. However, it is observed 
that energy simulation results and actual results are closer to 
the developed benchmarks. In fact, both simulation results 
and actual data of the considered building are within one 
standard deviation of the relevant benchmark figure. 

 
Table 4 illustrates the comparison of the developed electricity 
benchmarks for Sri Lankan Supermarkets during this study, 
against the two major international benchmarking systems. 

 

TABLE 4: COMPARISON OF DEVELOPED SRI LANKAN 

ELECTRICITY CONSUMPTION BENCHMARKS FOR RETAIL 

SUPERMARKETS WITH ENERGY STAR AND CIBSE BENCHMARKS 

Benchmarking system 

Electricity 

Consumption 

Benchmark per SFA 

(kWh/m2/year) 

Electricity 

Consumption 

Benchmark per TFA 

(kWh/m2/year) 

EPA Energy Star 
(USA) 

- 507.0 

EPA Energy Star 
(Canada) 

- 435.1 

CIBSE Guide F 915.0 - 

Sri Lankan Benchmark 

(Developed in this 
study) 

780.4 465.4 



 

 

 

C. Water benchmarking results of Retail Supermarkets 

 
Similar to the electricity consumption analysis, average 
annual water consumption was also plotted against TFA and 
SFA for analyzed 101 supermarkets. Unlike electricity, water 
consumption does not show a clear relationship with floor 
areas. The reason for this can be, water consumption depends 
upon the factors such as number of occupants, number of 
toilets and availability of cooking facilities, rather than the 
floor area. 

Figure 10 shows the histogram for annual water consumption 
per sales floor area (“L/year/m2 per SFA”) for the analyzed 
supermarkets within the considered time frame. Similarly, 
Figure 11 shows histogram for annual water consumption per 
total floor area (“L/year/m2 per TFA”) for the analyzed 
supermarkets, within the same timeline.  
 

 
Figure 10: Specific Water Consumption (SFA) from 2018 to 2020 

 

 
Figure 11: Specific Water Consumption (TFA) from 2018 to 2020 

 
Summary of the obtained results are given in Table . 
 

TABLE 5: SUMMARY OF WATER BENCHMARKING ANALYSIS 

Parameter Minimum Maximum Mean 
Standard 

Deviation 

L/year/m2 
per SFA 

54.4 549.4 246.5 104.7 

L/year/m2 
per TFA 

15.9 323.9 137.2 67.3 

 
Table 6 illustrates the comparison of the developed water 
benchmarks for Sri Lankan Retail Supermarkets during this 

study, against the water benchmarks developed for other 
countries. 
 
TABLE 6: COMPARISON OF DEVELOPED SRI LANKAN WATER CONSUMPTION 

BENCHMARKS FOR RETAIL SUPERMARKETS WITH WATER  BENCHMARKS IN 

THE OTHER COUNTRIES 

Benchmarking system Retail Type 
Water Consumption 

Benchmark  

USA 
Food Retail 

48.8 L/meal 

Singapore 

Shopping malls 
(excluding sanitary 

usage in toilets) 

1300 L/year/m2 
TFA 

Shopping malls 
(only sanitary 

usage in toilets) 
2.6 L/person/day 

Australia 
Retail centers 

560 L/year/m2 TFA 

Sri Lankan Benchmark 

(Developed in this 

study) 

Retail 
Supermarkets 

137..2 L/year/m2 
per TFA 

IV. DISCUSSION 

A. Electricity consumption analysis of Retail Supermarkets 

 
Obtained benchmarks for electricity consumption can be 
compared with the established international benchmarks for 
the same building sector. There are two major institutions that 
have developed energy benchmarks for retail buildings in 
global scenario. US Environmental Protection Agency (US 
EPA) has developed benchmarks for the retail sector in USA 
and Canada, which are available at EnergyStar Portfolio 
Manager [1] and, benchmarks for UK retail sector have been 
defined by CIBSE Guide F [2]. 

It is important to note that, the Energy Star benchmarks for 
USA and Canada have been developed considering the total 
floor areas. Moreover, Energy Star benchmarks usually 
represent the primary energy consumption including 
electricity, and natural gas.  Therefore, in order to compare 
Energy Star and Sri Lankan benchmarks, Energy Star 
benchmarks should be converted into electricity. According 
to the energy studies and audits conducted in USA, generally 
food-retail buildings use 82% electricity from the total energy 
consumption [3]. Therefore, USA benchmarks have been 
multiplied by a factor of 0.82, in order to convert into 
electricity benchmarks. Figure 12 shows the comparison of 
the Sri Lankan benchmark developed in this research, and 
benchmark obtained from the simulation model with USA 
and Canada benchmarks (per total floor area).  
 

 



 

 

Figure 12: Comparison of Simulation benchmark, Numerical benchmark 
and Energy Star benchmarks for USA & Canada (kWh/year/m2 per total 

floor area) 

Similarly, Figure 13 shows the comparison of Sri Lankan 
benchmark developed in this research, and benchmark 
obtained from the simulation model with CIBSE benchmark 
(per sales floor area). 

 

 
Figure 13: Comparison of Simulation benchmark, Numerical benchmark 

and CIBSE benchmark (kWh/year/m2 per sales floor area) 
 

B. Water consumption analysis of Retail Supermarkets 

 
Water consumption benchmarks have been developed for the 
retail sector mainly in USA, Singapore and Australia. 
However, none of these benchmarks cannot be directly 
compared with the Sri Lankan benchmarks. USA benchmark 
has been developed for food retail outlets, which is given as 
48.8 L/meal [4]. This benchmark is defined in terms of 
number of meals served. But in Sri Lankan supermarkets, not 
all the outlets serve cooked meals. Therefore, Sri Lankan 
benchmarks are not defined in terms of number of meals.  

Moreover, Singapore benchmarks are developed for 
shopping malls. These malls include large restaurants, 
supermarkets and other non-food retail outlets such as 
clothing stores, cinemas, etc. Water consumption of these 
malls are expected to be much higher than the supermarkets 
alone. Benchmarks for Singapore shopping malls are 
presented in two ways. First benchmark is given in terms of 
total floor area. However, this benchmark does not include 
the sanitary water usage in toilets. Other end-uses such as 
cooking purposes, air conditioning and cleaning are included 
in this first benchmark, which is 1,300 L/year/m2 per total 
floor area [5]. Second benchmark is given for sanitary usage 
only. This is given as 2.6 L/person/day [5], as sanitary usage 
depends on number of people rather than the floor area of the 
building. However, water usage for supermarkets alone 
cannot be extracted from either of these figures. Therefore, 
Singapore benchmarks also cannot be directly compared with 
the benchmarks developed in this research. 

Similar to the Singapore scenario, Australian benchmarks are 
also developed for Retail Centers, that include both food and 
non-food retail outlets. However, Australian benchmarks is 
given as 560 L/year/m2 per total floor area [6], which is 

considerably less than the Singapore benchmark. Still, this 
also cannot directly be compared with the Sri Lankan 
benchmarks. 

V. CONCLUSIONS 
Since the benchmarks for retail sector was not available in Sri 
Lanka, it was decided to develop electricity and water 
consumption benchmarks for the sector. Data was collected 
from 101 supermarkets which has been analyzed during this 
research study. Developed electricity benchmarks are 780.4 
kWh/year/m2 per sales floor area and 465.4 kWh/year/m2 per 
total floor area. It can be concluded that both these figures for 
electricity benchmarks can be related to the international 
benchmarks of the sector. Similarities and differences of 
these local and international benchmarks were discussed.  
Water consumption benchmarks have been developed in 
terms of sales and total floor areas, similar to electricity 
benchmarks. Developed benchmarks are 246.5 L/m2/year in 
terms of sales floor area and 137.2 L/m2/year in terms of total 
floor area. It was found that, water consumption benchmarks 
developed for Sri Lankan supermarkets cannot be compared 
directly with the international benchmarks available for the 
sector. The reason for this is, most of the international 
benchmarks for water consumption in retail sector have been 
developed for Retail malls or shopping malls, that include 
both food retail and non-food retail components. Hence, 
water consumption benchmarks for supermarket alone cannot 
be extracted from these benchmarks. Therefore, they cannot 
be compared with the aforementioned Sri Lankan 
benchmarks developed for supermarkets. It is recommended 
to review and update the developed benchmarks at least every 
five years. 
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