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DR 2.0: A Future of Customer Response was developed to fulfill part of the Implementation
Proposal for The National Action Plan on Demand Response, a report to Congress jointly
issued by the U.S. Department of Energy (DOE) and the Federal Energy Regulatory
Commission (FERC) in June 2011. Part of that implementation proposal called for a
“National Forum” on demand response to be conducted by DOE and FERC.
Given the rapid development of the demand response industry, DOE and FERC decided
that a "virtual" project, convening state officials, industry representatives, members of a
National Action Plan Coalition, and experts from research organizations to work together
over a short, defined period to share ideas, examine barriers, and explore solutions for
demand response to deliver its benefits, would be more effective than an in-person
conference. Working groups were formed in the following four areas, with DOE funding
to support their efforts, focusing on key demand response technical, programmatic, and
policy issues:
1. Framework for evaluating the cost-effectiveness of demand response;
2. Measurement and verification for demand response resources;
3.

Program design and implementation of demand response programs; and,

4.

Assessment of analytical tools and methods for demand response.

Each working group has published either a final report or series of reports that
summarizes its view of what remains to be done in their subject area. This document is
one of a series of resources produced by the Working Group on Program Design and
Implementation.

1. Identify requirements for technical assistance to States to allow them to maximize
the amount of demand response resources that can be developed and deployed;
2. Design and identify requirements for implementation of a national
communications program that includes broad-based customer education and
support; and
3. Develop or identify analytical tools, information, model regulatory provisions,
model contracts, and other support materials for use by customers, states,
utilities, and demand response providers.
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The Implementation Proposal, and the National Forum with its four working groups’
reports, is part of a larger effort called the National Action Plan for Demand Response.
The National Action Plan was issued by FERC in 2010 pursuant to section 529 of the
Energy Independence and Security Act of 2007. The National Action Plan is an action
plan for implementation, with roles for the private and public sectors, at the state,
regional and local levels, and is designed to meet three objectives:
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The content of this report does not imply an endorsement by ADS or any individuals or
organizations that participated in any of the NAPDR Working Groups, or reflect the
views, policies, or otherwise of the U.S. federal government. It is intended to be a
document that identifies and explores the past, present and future of demand response
so as to educate demand response stakeholders and stimulate discussion among the
demand response community.
DR 2.0: A Future of Customer Response was produced for the Working Group on Program
Design and Implementation by Paul De Martini (Newport Consulting) and the
Association for Demand Response and Smart Grid, for Lawrence Berkeley National
Laboratory, who is managing this work under a contract to the U.S. Department of
Energy Office of Electricity Delivery and Energy Reliability under Contract No. DE-AC0205CH11231.
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Executive Summary
Demand response (DR) as originally conceived and implemented over most of the past
30 years to provide emergency response and peak load management (DR 1.0) has
become an important power system resource. However, fundamental forces are creating
dramatic changes in the operation of markets and the electric transmission and
distribution grids, creating additional opportunities for a new class of fast, flexible and
continuously responsive distributed energy resources (DER). These forces are:
1. An evolution in customer behavior and expectations, with greater demand for
reliable electricity and self-reliance, including becoming an energy producer, or
“prosumer”. 1
2. Policy driven reliance upon renewable, intermittent resources and a shift to more
decentralized energy resources.
3. Massive energy efficiency investments and structural changes related to codes
and standards are yielding greater energy productivity relative to GDP.
4. Technological advancement leading to alternative methods and designs for
providing and integrating services to the grid that are provided by customers’
responsive resources, including demand management, onsite generation and
energy storage.
The shift is dramatic and systemic, with the Energy Information Agency 2 (EIA) forecasting
average annual electricity growth of only 0.7% in demand over the next 20 years. Peak
demand is also part of this shift, as highlighted by EIA data and the North American
Reliability Corporation’s (NERC) forecasts in figure 1 below. In its 2013 Summer Reliability
Assessment, NERC is forecasting a 10 GW increase in total peak demand across all
regions, so we may be returning to an increasing peakiness in system load.

2

Prosumer in this context means a customer that consumes and produces electricity.
EIA 2013 Annual Energy Outlook
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Figure 1 US Summer Peak Load

The success of DR 1.0 programs is illustrated in the NERC 2012 Long Term Resource
Adequacy (LTRA) report. 3 The report identified that increased availability of DemandSide Management (DSM) over the next 10 years to reduce peak demands, will contribute
to the deferral of new generating capacity or improve operator flexibility in day-ahead or
real-time time operations. NERC estimated that roughly 80,000 MW by 2022 (or about 7
percent of the on-peak resource portfolio) would offset approximately six years of peak
demand growth as shown in figure 2 below.

DR 2.0: Future of Customer Response

8

Figure 2 NERC DSM Peak Demand Offset Forecast

Additionally, growth in demand response for market and grid services may also come
from new operational challenges resulting from power system transformation. This is in
large part due to the industry becoming more reliant on intermittent renewable energy.
3

NERC, 2012 Long Term Resource Adequacy Report, 2012

EIA projects renewable energy, excluding hydropower, will account for 32 percent of the
overall growth in generation from 2011 to 2040. Meanwhile, the US electric distribution
system may need to integrate over 150 GWs of distributed solar photovoltaic (PV),
Combined Heat and Power (CHP) and storage by 2020, in addition to over 170 GW of
back-up generation already installed.
In this new environment, the relatively analog, slow, inflexible and imprecise qualities that
largely define DR 1.0 programs may be surpassed in their relevance and value. DR 1.0
works very well to address predicable, discrete peak demand events 4 and as an
emergency resource for operators. Unfortunately, the power system is quickly becoming
unpredictable with projected inverted net load curves incorporating dramatic transitions
due to changes in wind and solar PV output that compound underlying consumption
patterns. The operational challenges facing the electric industry are driving the need for
a new set of responsive capabilities at greater scale than existing programs and with
distinctly different characteristics to support the need for flexible market and grid
resources. As illustrated below, customer responsive resources may span a wide range of
applications from traditional peak load reduction and reliability management using DR
1.0 techniques to DR 2.0 services that are more “generation-like”.

Figure 3 Spectrum of Customer Resource Response

“The ability of flexible distributed energy resources including responsive demand, onsite
generation, energy storage and electric transportation to provide dynamic and continuous
response based on direct or indirect value information to the mutual benefit of customers

4

Engineers and operators have traditionally been able to predict system demand at better than 95%
accuracy.
5
Gridwise Architecture Council’s Transactive Energy Conference, May 24, 2013:
http://www.pointview.com/s/131#speaker_1579
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Customer DR 2.0 response options may include flexible onsite generation, storage,
power electronics and electric vehicles. FERC Chairman Jon Wellinghoff discussed this
evolution in his remarks at the White House Demand Response Forum earlier this year
and again at the recent DOE sponsored Transactive Energy Conference. 5 As such, one
way that DR 2.0 could be described is:

9

and a broad range of parties including load serving entities, services firms, aggregators,
grid operators, and wholesale and local balancing markets through economic transactions.”
Over the coming decade a number of significant evolutionary milestones are expected to
enable flexible customer DER to provide market and grid services. As illustrated in the
figure below, DR 2.0 will evolve from today's use of load as a capacity resource, now at
over 19 GWs, and emerging opportunities for DR in ancillary services projected to reach
over 4 GWs by 2015 - expanding to a much broader use of flexible DER by 2020.

Figure 4 Evolution of DR/Flexible DER

However, the pace and scope of market access and customer participation across the US
will evolve unevenly. Plus, customer participation in more advanced services will likely
continue to face challenges regarding tangible financial value at an acceptable level of
participation risk. This is why a primary focus now and continuing over this decade
involves creating differentiated services, resolving market access issues and creating
successful customer value propositions. More specifically, barriers to unlocking the value
from flexible distributed energy resources exist. Among them are:
1. Lack of Power System Service Definitions + Performance Requirements
DR 2.0: Future of Customer Response
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2. Insufficient Technology Investment
3. Revenue Availability + Monetization
4. Market Access
5. Customer Adoption + Engagement

The above list is adapted from the market barriers related to the use of DR for ancillary
services identified by LBNL in its recent paper 6 on the topic as well as those identified by
FERC in its 2012 DR assessment. In addition, the evolution to DR 2.0 requires the active
and sustained support of policy makers to enact or change a myriad of rules addressing
each of the five barriers above. This will is not simple nor will it be quick. As such,
flexible DER will be considered alongside several other solutions, including reliance on
more flexible (e.g., gas fired) generation, introduction of more advanced control
technology on variable generation resources, expanding of balancing areas to include
more diverse resources, and other more conventional means, to address the
transformation of the power system. 7 While there are a wide range of solutions and
issues related to the future grid, the focus of this report is the evolution of the potential
use of customers’ flexible distributed energy resources to provide a greater set of
services to markets and transmission and distribution operations.

P. Cappers, J. MacDonald and C. Goldman, Market and Policy Barriers for Demand Response Providing
Ancillary Services in U.S. Markets, LBNL, March 2013
7
NERC, Accommodating High Levels of Variable Generation: Special Report, North American Reliability
Corporation, April 2009.

DR 2.0: Future of Customer Response

6

11

Current state of Demand Response
DR 1.0
Demand response over the past 30 years has evolved to address bulk power system
emergencies as part of operational remedial action, management of peak load stresses
and, beginning in the early 2000s, to mitigate market price spikes. Over most of this
period, peak demand grew at a higher average rate than energy consumption resulting
in a “peakier” system. This was due in part to the adoption of central air conditioning in
new and larger houses over these three decades along with a long period of economic
prosperity and business expansion. After the Enron market gaming around the year 2000,
economists, market operators and policy makers recognized the potential for demand
response to mitigate market prices and market power. In 2006, the Department of Energy
(DOE) summarized these uses in its demand response definition;
“Changes in electric usage by end-use customers from their normal consumption patterns
in response to changes in the price of electricity over time, or to incentive payments
designed to induce lower electricity use at times of high wholesale market prices or when
system reliability is jeopardized.” 8
In the Federal Energy Regulatory Commission’s (FERC) 2006 demand response survey 9,
the Agency’s first ever conducted, it categorized demand response programs into two
groups: incentive-based demand response and time-based rates. FERC defined incentivebased demand response to include direct load control, interruptible/curtailable rates,
demand bidding/buyback programs, emergency demand response programs, capacity
market programs, and ancillary services market programs. Time-based rates included
time-of-use rates, critical-peak pricing, and real-time pricing. FERC reported a total
potential demand response resource contribution of about 37,500 MW, just over half of
the potential response reported by FERC in 2012.
DR 2.0: Future of Customer Response

12

Since 2006, FERC has taken a series of proactive regulatory steps to promote the use of
responsive demand and other DER in wholesale markets, most recently Orders 745 10 and

8

U.S. Department of Energy, Benefits of Demand Response in Electricity Markets and Recommendations for
Achieving Them: A Report to the United States Congress Pursuant to Section 1252 of the Energy Policy Act of
2005,
February 2006 (February 2006 DOE EPAct Report).
9
Staff Report, Assessment of Demand Response & Advanced Metering, FERC, 2006
10
FERC, Order No. 745, Demand Response Compensation in Organized Wholesale Energy Markets, March 15,
2011

755 11, as a means of creating market efficiency related to capacity reserves and ancillary
services. This has also had the benefit of helping to create significant value for new
entrants, aggregators, and their customers. Additionally, the housing boom of the mid2000s created average annual peak demand growth of 5% in places like Southern
California and Florida. A/C cycling programs and time-based rates were also expanded
to address this need.
The industry has achieved considerable success in mitigating peak demand and system
emergencies through the use of a range of utility and aggregator-based responsive
demand programs. According to FERC’s 2012 Survey data 12, reported potential peak
reduction in the U.S. was 66,351 MW. As shown in figure 5, reported potential peak
demand reduction has doubled over the past 6 years.

Figure 5 US Potential Peak Reduction

Also, load as a capacity resource at 20 GW became the predominant program in 2012.
This represented a shift in the use of demand response from traditional emergency
demand response, which was the largest program back in 2010 at 13 GW. By comparison,
load as a capacity resource was less than 9 GW in that 2010 survey. FERC reported that
four program types made up 80 percent of the total 66 GW reported in 2012.

11

FERC, Order No. 755, Frequency Regulation Compensation in the Organized Wholesale Power Markets,
October 20, 2011
12
Staff Report, Assessment of Demand Response & Advanced Metering, FERC, 2012
13
NERC, 2012 Long Term Resource Adequacy Report, 2012
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The success of DR 1.0 programs is illustrated in the North American Reliability
Corporation’s (NERC) 2012 Long Term Resource Adequacy (LTRA) report. 13 The report
identified that increased availability of Demand-Side Management (DSM) over the next
10 years to reduce peak demands, will contribute to the deferral of new generating
capacity or improve operator flexibility in day-ahead or real-time time operations. NERC
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estimated that roughly 80,000 MW by 2022 (or about 7 percent of the on-peak resource
portfolio) would offset approximately six years of peak demand growth as shown in
figure 6 below.

Figure 6 NERC DSM Peak Demand Offset Forecast

These results are largely due to ISO market operations, primarily PJM, MISO & NYISO,
increasingly incorporating demand response as integral elements of markets for energy,
day-ahead scheduling reserve, capacity, synchronized reserve and regulation. Demand
response has proven its ability to successfully compete with generation in these markets.
Load as a capacity resource was reported to total over 19.3 GW in 2012 and forecast to
grow to over 35 GW by 2015 in the 2012 FERC DR survey as highlighted in figure 4
below. Last year, PJM reported a record 14.8 GW of demand response cleared their
reliability pricing model auction for 2015-16.
The maturity of load as a capacity resource is an important step in the evolution of
demand response and other flexible distributed energy resources to potentially provide a
broader range of bulk power system services. These include a growing set of ancillary
services:

DR 2.0: Future of Customer Response
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•

Spinning reserve: portion of unloaded capacity from units already connected or
synchronized to grid that can deliver energy in 10 minutes and run for at least
two hours.

•

Non-spinning reserve: extra generating capacity not currently connected or
synchronized to grid that can be brought online and ramp up to a specified load
within ten minutes.

•

Regulation: used to control system frequency that can vary as generators access
the system and must be maintained very narrowly around 60 hertz.

While the total amount available in 2012 was comparatively small at over 1.3 GW, the
projection in the FERC survey data below suggests a strong growth pattern.

Figure 7 DR Capacity & Ancillary Services Forecast

The chart below from Navigant’s 2012 report 14 for California’s Demand Response
Measurement & Evaluation Committee (DRMEC) on demand response for renewable
generation summarizes the current use of demand response by all of the ISOs as well as
two utility balancing authorities.

Existing DR 1.0 programs continue to provide significant value, but increasingly gaps are
being identified between electric system operational requirements and demand response
program performance that will require program enhancements and potential technology
upgrades. NERC in its LTRA and the California Public Utility Commission in a recent
14

Navigant, Potential Role of Demand Response Resources in Maintaining Grid Stability and Integrating
Variable Renewable Energy under California’s 33 Percent Renewable Portfolio Standard, DRMEC report, 2012
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report 15 have identified performance issues related to expected versus actual response
from demand response programs that will need to be addressed for use in critical system
operations. Some of these issues are relatively simple to address; for example, many
legacy direct load control programs rely on aging technology such as paging systems. In
this case, utilities and technology firms, are increasingly switching to cellular or other
communications options which also offer the potential to evolve the functional
capabilities needed to meet the new power system operational challenges. Other issues,
like the optimal use of dynamic pricing events or A/C cycling programs, need to be
further addressed because of the challenge of balancing the best times to use the
resources with customer willingness to participate at any time required under the
program. Thus, both the existing DR 1.0 and the emergent ancillary services issues are
precursors to enabling flexible distributed resources, prominently including responsive
demand, to provide a greater range of market and grid services.
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Commission Staff Report, Lessons Learned From Summer 2012 Southern California Investor Owned
Utilities’ Demand Response Programs, CPUC, May 1, 2013

Megatrends
Customer Evolution
Customers have more options today for procuring and managing electricity. These
include the adoption of improved onsite generation technologies and energy
management systems with responsive demand capabilities. Energy storage is also
emerging as a commercial solution that is anticipated to play a larger role for customers’
integrated energy management systems by the end of the decade, if not sooner. This is
creating a situation where consumers have the option to serve all or part of their own
needs, and also have the potential to sell excess energy and services into the market.
This ability gives rise to a new class of customer, a “prosumer,” who both produces and
consumes electricity. With this in mind, it is worth examining the four factors that
influence market adoption and value monetization by customers: a) Economics/Price risk
mitigation, b) Reliability, c) Environmental, and d) Revenue opportunities. Each customer
sector places different priorities between reliability and economics, but generally for all
sectors environmental and revenue opportunities are lower priorities. The following
discussion highlights the current customer considerations.

Commercial & Institutional

16

Cleantech Matters, Global competitiveness Global cleantech insights and trends report, Ernst & Young,
2012
17
Solar Means Business: Top Commercial Solar Customers in the U.S., SEIA and Vote Solar, 2012
18
US Executive Order, Accelerating Investment in Industrial Energy Efficiency, August 2012
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Commercial customer decisions on a range of distributed energy resources and related
technology and services “have become an integral aspect of managing key financial,
energy security, brand, regulatory and competitive risks”, according to a recent Ernst &
Young (E&Y) survey of 100 global corporations. 16 For example, the Solar Energy
Industries Association (SEIA) reports 17 that the Top 20 corporate solar users’ installations
generate an estimated $47.3 million worth of electricity each year and reduced business’
utility bills by hundreds of millions of dollars annually. U.S. businesses and institutional
and government facilities already have over 80 GWs of combined heat and power
systems installed and the White House recently announced a goal of increasing that
figure by 50% in 2020. 18 This goal will benefit from the relatively low natural gas prices
forecast through the decade as a result of abundant supply. Additionally, nearly 3 GWs
of solar PV has been installed through 2012 with another 7 GW forecast over the next

17

five years. The following quote from General Motors in the E&Y report illustrates this
trend:
“…our focus on renewable energy doesn’t stop at the sun. By 2020, our goal is to
promote the use of all forms of renewable energy by using 125 megawatts across our
entire corporate footprint.” Mike Robinson, GM vice president, sustainability and global
regulatory affairs
This outlook fully recognizes the adoption challenges faced by energy efficiency and DER
projects in the commercial and institutional markets related, in part, to high effective
hurdle rates for investment. 19

Residential
Not unlike commercial enterprises, a 2013 customer survey by Pike Research, a
subsidiary of Navigant Consulting, found that nearly 75% of surveyed customers have
“concerns about the impact electricity costs have on their monthly budgets, and 63
percent are interested in managing energy used in their homes.” 20 The figure below
summarizes surveyed customers’ interest or favorability toward smart grid concepts
including several related to demand response.
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Figure 9: Pike Research 2012 Customer Survey

Similarly, Best Buy’s 2010 survey 21 of households regarding adoption of energy smart
appliances, devices and solar PV identified three Lifestyle Drivers for acceptance of

19

A. Sanstad, Consumer Rationality and Energy Efficiency, LBNL, 1994
Pike Research, “Smart Grid Consumer Survey”, 2013
21
K. Bowring, Energy Consumers Retail Views and Choices presentation, Best Buy, 2012
20

distributed resources and smart energy programs: Home Safeguarding, Life Maximizing
and Environmentalism. Home Safeguarding, a wide-spread desire to financially and
physically protect the home was identified by 36% of customers as most important, with
10% saying a combination of Home Safeguarding and Life Maximizing, a desire to have a
more comfortable and convenient lifestyle was most important consideration.
Environmentalism was identified by only 3% of respondents. 49% of customers surveyed
indicated “none” reflecting greater resistance to adoption. A recent University of Texas
study 22 on residential rooftop solar decision making factors found that leasing customers
are focused on financial benefits of reducing their electricity bill. Not surprisingly, the
focus for successful residential home energy management and solar PV worldwide tap
into the Home Safeguarding value proposition in the form of lower power bills through
energy efficiency and self-generation (and net energy metering rates). The home
safeguarding prevalence also factors into residential emergency generators. In 2011,
1.25 million U.S. households had permanent generators, or 2.5% of the 50 million homes.
Generac, the U.S. market leader in residential backup generators, reported a 36%
increase in 2012 sales.

Prosumerization
The distributed energy resource (DER) adoption trend is following a clear pathway.
Customers are evolving from more passive and deterministic consumption patterns to
more active ones, managing the supply and delivery of electricity through a more
transactive environment as illustrated in figure 10.

B. Sigrin, “Going Solar: Consumer Investment Behavior for Residential Photovoltaic Installations”, University
of Texas, 2012
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Figure 10 Prosumer - Grid Evolution

Self-optimization/reliance – Net Zero Energy
Self-optimization typically involves improving the reliability of power through onsite
generation sources and/or reducing the energy needed from the grid through a
combination of energy efficiency, responsive demand and onsite energy sources
including renewables. These strategies increasingly involve reducing grid consumption to
net zero energy (NZE) or nearly so. This may involve a single facility/home or a campus
type environment. In certain states’ building codes and Federal objectives, specific net
zero energy targets are defined for new residential and commercial buildings over the
next 18 years. Today, net zero energy buildings (NZEB) are not yet common. However,
many single facility “microgrid” projects and university campus demonstrations today are
near net zero energy by achieving 85% of the building’s energy needs with onsite
resources. Plus, a few corporate and government campus developments are striving to
achieve NZE, like Apple’s new Campus2 project and government initiatives.
DR 2.0: Future of Customer Response
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Virtual Power Plants
A virtual power plant is the aggregation of distributed energy resources via smart grid
technology into the functional equivalent of a single generator. This can be applied to a
range of resources that can be controlled. This is more difficult with solar PV, but in
concept can be integrated through the use of power electronics (e.g.,
inverters/converters), demand management, or energy storage resources to offset
variability. In the US, the most prevalent version of VPPs (initial phase) is the aggregation
of demand response by firms like EnerNOC, Comverge and C-power. This is evolving
however, as market intermediaries and platform services firms (e.g., Calico, Consert,

Enbala and Viridity Energy) are looking to make market access easier for customers to
sell excess energy, capacity and other services into wholesale markets and to T&D grid
operators. For example, CPS Energy is expanding its successful virtual power plant
program with Consert to reach 140,000 homes and small businesses, creating about 250
MW of dispatchable reserves during peak demand. Also, Siemens has been actively
developing these capabilities over the past five years through two large European
initiatives in Spain (FENIX program) and in Germany with RWE. Pike Research estimates
global virtual power plants capacity will increase by 65% between 2011 and 2017, rising
to nearly 92 GW and $5.3 billion in annual revenue in 2017. 23

Microgrids
Conceptually, an isolated microgrid is like a scaled-down version of a large-scale utility
grid. As the global transmission and distribution technical group, CIGRE described:
“Microgrids are electricity distribution systems containing loads and DER, (such as
distributed generators, storage devices, or controllable loads) that can be operated
in a controlled, coordinated way either while connected to the main power network
or while islanded.” 24
Many of the technical requirements are the same. However, there are distinguishing
features because of the likely incorporation of intermittent renewable generation into
most microgrids/net zero energy designs. As with the larger grid, microgrids need to
balance supply and demand as well as manage voltage, frequency and power quality
attributes. Responsive DER is an essential aspect of microgrids to achieve reliability and
stability. Research at Lawrence Berkeley National Lab (LBNL) on controls systems for
microgrids as part of their CERTS program is showing excellent testing results as part of
AEP’s smart grid demo. 25

Customer Demand Trends

23

Pike Research, Virtual Power Plants, April 2012
CIGRE Distribution Systems and Dispersed Generation Working Group, http://c6.cigre.org/WG-Area/WGC6.22-Microgrids
25
AEP smart grid demonstration: http://certs.lbl.gov/certs-derkey-mgtb.html
26
EIA 2013 Annual Energy Outlook
24
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A structural change in the demand for electricity has occurred over the past six years as a
result of economic conditions (including greater business productivity), energy efficiency
and conservation, and adoption of on-site generation. The industry has shifted to a new
normal of flat to declining load growth. The Energy Information Agency 26 (EIA) forecasts
average annual electricity growth of only 0.7% in demand over the next 20 years. While
this is significantly below historical levels, Bloomberg New Energy Finance (BNEF)
suggests these numbers may be the optimistic case.

21

Figure 11: US Electricity Actual vs. Forecast Demand

In his remarks at their recent summit 27, BNEF CEO Michael Liebreich suggests that
forecasters may be biased toward historical growth patterns. He pointed out in the chart
above in figure 8 that over the past 6 years total electricity demand has actually declined
and that it is unlikely to follow historical trends again due to the forces discussed above.
This may also be the case for peak demand as highlighted by EIA data and NERC
forecasts in figure 12 below. In its 2013 Summer Reliability Assessment, NERC is
forecasting a 10 GW increase in total peak demand across all regions, so we may be
returning to an increasing peakiness in system load. But if instead, the peak demand
trend since 2006 continues, growth in classic peak load management may flatten. In
either scenario, existing programs will have significant value. However, growth in
responsive demand (and other flexible distributed resources) programs may come
instead from the need to address new operational challenges resulting from the
transformation of the overall power system.
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BNEF’s Liebreich on clean energy investment, April 2013 http://about.bnef.com/video/bnefs-liebreich-onclean-energy-investment/

Figure 12: US Summer Peak Load

Power System Transformation
Bulk Power System
30 years of energy policy, technology and commercial innovation is driving significant
growth in intermittent renewable resources and onsite generation. These trends point
toward a significantly different electric system by 2020 in many parts of the United
States. For example, 37 states representing over 80% of the U.S. population have
enacted renewable portfolio standards or goals. These targets require between 10% and
33% of energy delivered to customers be met by renewables as early as 2015 and as late
as 2025. 28 Currently 50 gigawatts of wind is connected at transmission 29 and overall
capacity contribution from renewable resources will continue to grow over the next 10
years. NERC estimates 30 renewable generation, including hydro is expected to reach
almost 17% in 2022. Solar is expected to continue its dramatic growth over the decade.
GlobalData, an international business research firm, recently forecast installed US solar
PV to reach 50 GW by 2020.31 These estimates for wind and solar are in line with
National Renewable Energy Lab’s (NREL) 2012 report indicating a potential for variable
sources like wind or solar to comprise nearly half (48%) of U.S. energy supply by 2050. 32

DSIRE website; http://www.dsireusa.org/documents/summarymaps/RPS_map.pdf
American Wind Energy Association, August 2012
30
NERC, 2012 Long Term Resource Adequacy Report, 2012
31
GlobalData, Solar Photovoltaic (PV), 2012 - Global Market Size, Average Installation Price, Market Share,
Regulations and Key Country Analysis to 2020, 2013
32
NREL, Renewable Electricity Futures Study, 2012
29
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Figure 13: US Renewable Portfolio Policies

As NERC projects in its 2012 Long Term Resource Adequacy report, a shift in the
generation mix will occur as older fossil-fueled plants retire and wind and solar continues
to grow due to state renewable energy policies. Variable energy resources (VER) like wind
and solar PV present unique challenges to electric system operators in terms of
balancing generation with load in the classic paradigm. One challenge is that the
expected retirements of gas-fired generation along with older coal and some nuclear
plants, will be mostly replaced with new combined cycle gas turbine units on the edge or
outside load centers. This trend, combined with growth in large wind and solar projects
outside metro areas, is also creating local constraints on transmission into and
subtransmission across urban communities. Another challenge is the volatility associated
with wind resources as depicted in Figure 14.
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Figure 14: Wind Output Variability

The minute-to-minute and day-to-day variability creates difficulties for grid operators
focused on ensuring system stability. For example, as wind penetration increases, the
ratio of variability to aggregate load increases and forecasting becomes harder and
vulnerable to errors. Better monitoring of local wind and weather conditions for specific
wind farms can improve the ability to manage minute-to-minute intermittency given
some ability to leverage the rotational inertia of wind turbines to dampen sudden
changes in wind speed. However, this limited dampening doesn’t address the
fundamental variability of output and general misalignment of wind production with
typical energy consumption patterns.
A third challenge is the potential for the collective effect of wind and solar PV generation
patterns to create very large transitions several times each day. As depicted in figure 15
below, the California ISO has determined that net load from distributed energy resources
(particularly customer solar PV) in the state will create several short dramatic swings
daily, reaching as high as 13.5 GW in 2 hours. The swings, or ramps, have traditionally
resulted from load patterns that rise in the morning to a mid-to-late afternoon peak and
subsequent decline in the evening. This is why the ancillary service that provided the
ramping capability was often called “load following”. However, the CAISO forecast 33 is
nothing like the traditional pattern and it is likely to have significant potential impact on
existing peak demand programs targeting the afternoon and need for new flexible
resources to address the steep ramps. Traditionally, natural gas and some hydro
generation have provided ramping (up and down), but the amount of ramping needed in
regions with significant intermittent renewables resources is rising. The large fleet of
intermediate generation is expected to remain effectively constant in terms of installed
capacity through 2020 (accounting for retirements and additions). 34 Part of the increased
integration related services may be provided by trans-regional options and potentially
additional flexibility in natural gas fired plants. 35 However, constraints across subregional transmission corridors and subtransmission systems require local resources to
mitigate. As such, it will be necessary to tap a wider range of resources, including
responsive demand, energy storage and dispatchable distributed generation.

H. Sanders, Connecting Transmission and Distribution, CAISO presentation, April 2013
http://www.resnick.caltech.edu/learn/docs/Sanders_Grid3.pdf
34
EIA 2013 Annual Energy Outlook
35
Regulatory Assistance Project, Meeting Renewable Energy Targets in the West at Least Cost: The
Integration Challenge, Western Governors’ Association, 2012
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Figure 15: CAISO 2013-2020 Net Load

To address these two fundamental operating challenges a range of new and expanded
bulk power system services are needed. NERC and others like the Regulatory Assistance
Project (RAP) recognize that managing the variability of wind and solar resources will
require more flexibility in the power system, primarily from new combined cycle gas
turbines as well as flexible distributed energy resources and adaption of existing demand
response programs. 36 As illustrated in PG&E’s taxonomy below, services like regulation
and contingency reserves should be expanded and new services for frequency (incl.
inertial response), ramping and unit commitment are needed to support integration of
renewable resources at the scale targeted by state policies. This implies an increased
need for fast response resources as the penetration of variable energy sources increases.
From the perspective of demand response and other flexible distributed resources, these
new services will expand on current growth of ancillary services provided by demand
response in the US and represent an evolutionary approach to the potential for
customers’ to provide market and grid services.
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NERC, Accommodating High Levels of Variable Generation, 2009

Figure 16: Flexible Resources for VER Integration

However, NERC is concerned about the reliability of customer resources to meet the
performance requirements needed to ensure reliability of the bulk power system. The
NERC Integrating Variable Generation Task Force (IVGTF) efforts 37 over the past three
years and FERC’s proceedings on measurement and verification seek to address these
issues. Also, many of the existing demand response programs as designed are not able
to provide these services. As Navigant describes in its 2012 DREMC report 38:

37

Completed variable generation assessments and recommendations produced by the IVGTF:
http://www.nerc.com/page.php?cid=4|61
38
Navigant, Potential Role of Demand Response Resources in Maintaining Grid Stability and Integrating
Variable Renewable Energy under California’s 33 Percent Renewable Portfolio Standard, DRMEC report, 2012
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“…only some of current set of dispatchable demand response programs might be able to
provide ancillary services to support renewable integration. “Reliability” DR programs used
to avoid system emergencies and avoid overloading the grid tend to be larger and more
numerous than “price-responsive” or “economic” DR programs that reduce demand in
response to external price signals (e.g., spikes in wholesale electricity price spikes), or
proxies for those prices (e.g., hot weather conditions or a high “market heat” rates). As
currently configured, some economic DR programs might have attributes needed to provide
non-synchronous, non-spinning reserves. Smaller subset might be able to provide
synchronized spinning reserves. (DR program that can provide spinning reserves can also
provide non-spinning reserves). Smallest subset of all might have attributes needed to
provide regulation up services (and, if coupled with energy storage, regulation-down
services).”
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Distribution System
Meanwhile, distribution at the periphery of the electrical delivery system will also
undergo dramatic change due to distributed energy resources. Today, 43 states have net
metering policies and 17 have added mandates or programs for solar and other distributed
generation. Much of the 50 GW of solar PV forecast by GlobalData will be onsite at customer
facilities or directly connected to the distribution system. Adoption at these levels will affect
grid reliability in numerous ways, not all of which can be anticipated yet. What is known
today is that solar PV energy production is dependent on weather conditions (incl.
humidity) which are inherently changeable. This variability can create extreme changes in
power output over short time periods, the ramp discussed above, that lead to grid
instability. Likewise, the second-to-second changes in power output from solar PV due to
clouds and humidity can introduce transients on distribution system that can also
negatively affect power quality and in some cases reliability. As illustrated in the figure
below from OATI 39 and already being experienced across the US, solar PV can cause
voltage rise and voltage fluctuations that create unacceptable power quality for
customers and potentially larger regional instability issues.
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Figure 17: Solar PV Impact on Distribution Feeders

Operational issues such as these are expected to grow given the scale of millions of solar
installations, responsive devices and potentially billions of transactions expected in
39

A. Ipakchi, Distributed Energy Resource Services & Pricing, OATI presentation, 2013

existing federal policy and those of many states. EPRI40, EEI 41 and others envision an
advanced distribution system that is able to leverage dynamic resources including
customer’s responsive demand, energy storage, intelligent inverters and onsitegeneration. Changes to interconnection rules and standards, like IEEE’s P2030.2 and the
IEEE 1547 family, will facilitate a more dynamic interchange between customers’
resources and system operations. Fundamentally, distribution systems can be the
enabling platform for this evolution. However, utility systems and grid infrastructure will
need to evolve to provide both reliable cyber-physical networks and market platforms to
enable the millions of expected customer transactions. A series of investments in
instrumentation, advanced communications and analytics will provide a foundation for
advanced controls and market designs needed in such a dynamic transactive
environment.

41

EPRI, Needed: A Grid Operating System to Facilitate Grid Transformation, July 2011
P. De Martini, Future of Distribution, EEI, 2012
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DR 2.0
The electric power system is evolving to become one of enormous complexity combined
with local constraints. The transformation of the electric generation mix and the rise of
prosumerization are driving the need for changes in both market designs and grid
operations. Market and system variability is increasing and operational temporal
dimensions are declining across transmission and distribution. Also, the growing scale of
distributed resources will require greater coordination between wholesale and
distribution systems.
Today, balancing of the bulk power system occurs on 5 minute and hourly intervals based
on making supply adjustments to generators every 4 seconds. As previously discussed,
growth in intermittent generation and highly variable loads will increase the volatility of
supply and demand. The result is not only market price volatility or dramatic swings in
net load, but also a reduction in the timing to balance the electric system. That is, the
time to make critical operating decisions based on rapid changes in the supply and/or
demand is decreasing from minutes to seconds and in some cases sub-second intervals.
These shorter time scales place significant challenges for effective human interaction in
the current decision processes and overall operational system. This includes the short
duration responses required to maintain distribution reliability, power quality and related
operational factors. The operational time spectrum below highlights the difference
between DR 1.0 temporal dimensions and those for DR 2.0 resources.
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Figure 18: Electric System Operational Time Spectrum

A new class of responsive distributed energy resources will be needed as part of the
policy and engineering alternatives to help manage the power system both in terms of
economic efficiency and reliability. As illustrated in figure 19 below, and discussed by

LBNL 42 and others, responsive resources may span a wide range of applications from
traditional peak load reduction and reliability management using DR 1.0 techniques to
“generation like” services.

Figure 19: Spectrum of Customer Resource Response

In this context, DR 2.0 could be described as:
“The ability of flexible distributed energy resources including responsive demand, onsite
generation, energy storage and electric transportation to provide dynamic and continuous
response, based on direct or indirect value information, to the mutual benefit of customers
and a broad range of parties including load serving entities, services firms, aggregators,
grid operators, and wholesale and local balancing markets through economic transactions.”
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R. Levy, S. Kiliccote and C. Goldman, Demand Response, LBNL-NARUC Webinar, May 4, 2011:
http://www.naruc.org/FERC/LBNL-Webinar5-DRWeb.pdf
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DR 2.0 can be provided today. , However, the inability to create and monetize value
through additional differentiated services for the grid is impeding development.
Addressing this is essential to providing compelling value to customers and enabling
new business models. One way to create value is to open up opportunities for
responsive DER to participate in a broad range of services required across the grid. This
requires transparent pricing and monetization methods. While simple in concept, it is
much more complex in practice as the response characteristics to meet bulk power and
distribution operational needs are more stringent and complex than those for most DR
1.0 resources as previously described.
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Differentiated Services & Value
The range of services that responsive DER may be able to provide is broad. It spans the
bulk power system, distribution operations, and customer actions. The table below was
adapted and expanded from an energy storage value assessment by Southern California
Edison (SCE) in 2011. 43 Thirty different value streams are identified that conceivably may
increasingly be met by DR 2.0 resources over this decade. Today, however, customers
can only monetize a handful of these services. The challenge and opportunity is to
continue to unlock services that will fully maximize the value potential for customers and
other stakeholders.

Figure 20: Potential Responsive DER Value
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The challenge for several of these services is that responsive resources must be able to
meet a prearranged level of measurable and observable operational performance during
a contract period. Services to reduce peak demand or balance real-time system
operations need to meet very different performance requirements. Today, most demand
response programs are focused on peak shaving and emergency applications, with two
common paradigms being price based response and direct load control, each of which
has performance characteristics less robust than that for real-time grid operations.

43

Staff, Moving Energy Storage from Concept to Reality, Southern California Edison, 2011

As the use of responsive demand and other flexible DER expands beyond reliability and
peak management programs to market-based balancing services, the criteria for
performance guarantees will become more stringent. In short, resource performance on
best efforts does not provide the level of assurance required to avoid the use of
dispatchable generation to manage the electric system. The NERC Reliability Assessments
Subcommittee report44 highlighted this concern, “The increased penetration of DR raises
operational challenges in numerous areas of day-to-day operation of the BPS. Should DR
be unable to deliver the required reduction in demand as committed, real-time
operations may be challenged to ensure that adequate resources are available
(contingency reserve) and that transmission facilities are operated within their defined
limits to maintain BPS reliability.”
This challenge is compounded by the large number of responsive demand resources
currently in use for peak shaving and that do not yet meet guaranteed performance
requirements as noted in Navigant’s DRMEC study of demand response for renewable
integration in California. For context figure 21 below from Sandia National Lab’s storage
assessment45 shows the response parameters for a number of the services identified in
figure 20 above.

NERC, 2012 Long Term Resource Adequacy report
J. Eyer and G. Corey, Energy Storage for the Electricity Grid: Benefits and Market Potential Assessment
Guide, Sandia, 2010

45
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Figure 21: Sandia Performance Parameters

Many of these services do or will require clever techniques to continuously tap the
potential of customers’ distributed loads, generation, storage and electric vehicles
without negatively affecting customers’ operations, comfort or convenience while also
providing compelling financial compensation. This also requires a fundamental shift
from analog based systems to automated, digital systems linking customer flexible
resources or loads to market and/or grid operational systems. This was part of the
objective for the development of AutoDR by LBNL46, i.e. enabling “dynamic price and
reliability signals to be delivered in a uniform and interoperable fashion among utilities,
ISOs, and energy management and control systems.” 47
DR 2.0: Future of Customer Response
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At scale, it will be necessary to develop market and controls architecture that align
customer, services firm, grid operator and market operator interests. Specifically, this may
require the development of market structures and rules that induce customers to allow
partial control of their individual resources to a coordinating entity, like a firm providing
virtual power plant services, who can then optimize the aggregate resources over a
variety of applications ranging from power quality management in the distribution

46
47

LBNL Demand Response Research Center, http://openadr.lbl.gov/
OpenADR Alliance FAQs webpage: http://www.openadr.org/faq

system to bulk transmission ancillary services. 48 Efficiency of such markets will depend on
the degree of alignment between customer needs with the tangible financial benefits
from response. Successful customer adoption will depend on market designs that
facilitate customers’ risk-reward trade-off. This also includes market designs that allow:
(a) simple choices and low transaction costs, (b) enable customer price and quantity risk
management, and (c) final customer decision “control”.

Markets
In simple terms, markets allow energy resources to be valued, priced and monetized. In
the electric grid over the past 20 years, deregulation and markets (spot and bilateral)
have been helpful for price transparency, creating incentives for large-scale generation
investment and in determining the location of new resources. More recently, access to
organized markets for responsive demand in several North American ISO markets,
including PJM, MISO and NYISO, have effectively enabled innovation and a wave of
demand response investment over the past decade. As described above, additional
innovation is needed to integrate responsive distributed energy resources to meet the
growing need for flexible resources to integrate wind and solar PV into the bulk power
system.
The power system is comprised of end-use devices and increasingly distributed resources
(e.g., onsite generation, power electronics and storage) that are inherently flexible. This
flexibility can allow energy consumption or production to be shifted to another time
without impacting customers’ operations. 49 Similarly, many temperature-sensitive loads
exhibit flexibility in power demand, as their temperatures are not restricted to a single
value, but rather are allowed to float within a specified band of temperatures. In both
cases, flexibility in demand amounts to a continuum of potential response to satisfy grid
operations and customer need. The same is true of other customer resources like CHP,
which often has some flexibility in output that won’t affect customer needs. An issue is
how to design market rules to “extract this flexibility”.

48

D. Helm, The Challenges of Establishing A Common AMS View In Texas (slide 4), 2012 Grid Interop
presentation, Dec. 5, 2012
49
E. Bitar and S. Low, Deadline Differentiated Pricing of Deferrable Electric Power Service, IEEE, 2012
50
E. Bitar and P. De Martini, A Pricing Framework for Distributed Resource Based Services, 2012, unpublished
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One approach is to consider the degree of flexibility specified for a resource (consuming
or producing) as the quality of its service. This allows construction of a market for
quality-differentiated electric power services, where the price for a particular service is a
function of the desired performance, or quality-of-service (QoS). 50 QoS involves three
basic elements; availability, firmness and observability. For example, each of the 30 values
in figure 15 has a set of QoS specifications (including the parameters in figure 16) and a
potential corresponding price. For example, certain ancillary services may have QoS
requiring fast response and continuous operation that align with the temperature
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bandwidth flexibility in building automations systems. A transactive approach defines
market and grid needs into a set of differentiated services with respective QoS. This
method can guide the formulation of contracts or tariffs for flexible resources needed for
reliable real-time control and meet customers’ needs. 51
A first step for wholesale markets is to clearly articulate the additional required services
and performance requirements, and the respective pricing and monetization methods to
tap the significant value identified by Sandia 52 in figure 22 below. Note that while the
values were developed based on operation of energy storage, they are also applicable to
any responsive resource that can meet the performance requirements.

Figure 22: Sandia Value Estimates
DR 2.0: Future of Customer Response
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Beyond bulk power and customer value services, the envisioned scale of participating
distributed resources adds significant complexity and drives a level of convergence
across the electric markets and physical operation. As described earlier, there is a
growing recognition in the industry among engineers and market operators that the
creation of distribution level balancing markets for distributed energy resources may be
51

S. Meyn, Control of the Grid in 2020, and How Economics Can Help Us, Cambridge University lecture, 2013:
http://www.newton.ac.uk/programmes/SCS/seminars/2013042409301.html
52
J. Eyer and G. Corey, Energy Storage for the Electricity Grid: Benefits and Market Potential Assessment
Guide, Sandia, 2010

necessary as distributed energy resource adoption reaches scale. The nature of
“balancing” for distribution systems is substantially different than that for bulk power
systems. These balancing services relate to power quality, distribution level constraint
management, feeder phase balance and local reliability. Local balancing requires a
different set of operational systems, engineering-economic optimization analytics and
field technology to manage. This need is already emerging in those distribution
networks with significant penetration of distributed energy resources.
In the bulk power system, Independent System Operators and other balancing
authorities actively manage transmission constraints and reliability services. But, ISOs
and other bulk power balancing systems are not designed to directly manage
transactions/dispatch for millions of small distributed energy resources. This is part of
the role that load serving entities (utilities and retail energy providers) and aggregators
currently play. The relationship between market design and grid control systems related
to distributed energy resources is important to ensure wholesale and local market
structures, power systems and participation rules maintain a highly reliable system. 53

Figure 23: Local Energy Balancing

Transactive energy refers to the use of economic transactions to coordinate distributed
energy resources to meet multiple generation, transmission and distribution objectives. It
accomplishes that coordination using information regarding economic value across
balancing markets and distributed grid control systems which results in the exchange of
value signals among all participants, including customers. These signals can be sent via

53

P. De Martini, A. Wierman, S. Meyn and E. Bitar, Integrated Distributed Energy Resource Pricing and
Control, CIGRE Grid of the Future Symposium Proceedings, 2012
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utility tariffs, power purchase agreements, real option contracts,
market procurements or auctions. Transactive energy is a broad
concept that ranges from existing automated incentive based DR 1.0
programs through advanced value driven control techniques like
those being demonstrated in the ARRA funded Pacific Northwest
Smart Grid Demonstration project. 54 The DOE-sponsored
GridWise® Architecture Council (GWAC) formally defines transactive
energy as,
“Techniques for managing the generation, consumption or flow of
electric power within an electric power system through the use of
economic or market based constructs while considering grid reliability
constraints.” The term “transactive” comes from considering that
decisions are made based on a value. These decisions may be
analogous to or literally economic transactions.” 55
The vision for the evolution of transactive energy over this decade is that optimization
and control will increasingly be distributed and associated with various participants,
devices and systems at the edges of the grid. Coordination is enabled through integrated
and federated market and control systems. Increasingly, customers can transact with any
other party including intermediaries. The approach also envisions an expanding range of
services and values enabled through regulatory policy. Transactive grid oversight will
continue through federal, state and local regulatory agencies and grid operators enforce
market rules, grid security, reliability and grid standards and collect, analyze and publish
information on grid constraints and capabilities to all parties. Structural market changes
evolve through more customer participation in the markets, more distributed generation,
transitions to competitive markets, and reductions in any market power. Coordination of
changes in retail, distribution, transmission and wholesale markets will be helpful and
often necessary.
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In more advanced applications, transactive energy distributes decision-making
throughout the system. When done properly, distributed values incorporate prices and
constraints across the system to achieve reliable results. Centralized approaches cannot
scale to coordinate and dispatch hundreds of thousands of distributed energy resources,
especially since many of them will be integral to customers’ operation like data centers
management systems, building energy management systems or CHP units. The reason,
as PNNL explains, is that centralized approaches become unwieldy with increased
numbers of responsive (or controllable) system elements. 56 As the power system
approaches millions of responsive distributed resources, the computational and timing
complexity of trying to optimize through centralized dispatch becomes intractable. For

54

Pacific Northwest Smart Grid Demonstration Project website: http://www.pnwsmartgrid.org/
GridWise Architecture Council, Transactive Energy Workshop Summary, Summer 2012
56
R. Melton and R. Pratt, Transactive Control, PNNL, 2012 unpublished
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example, trying to calculate such an optimum dispatch on a five-minute time interval to
offset renewable resource variability is unlikely to work. This is further compounded with
very short duration resources needed to manage distribution level power quality.
Engineering approaches, such as ultra-large scale control architecture can help resolve
the need for distributed and coordinated decision making that allows for individual
optimization by customers, distribution operators and bulk power system operators.
Cisco 57 describes the new design thesis as:
“Given highly volatile and dispersed resources and physical constraints across the
grid, provide a unified multi-tier control schema that simultaneously optimizes
operation across all parts of the power delivery system, from the markets,
balancing and operational levels to the transactive and prosumer level.”
GWAC is currently developing the necessary framework, guidelines and architecture to
support this evolution and alignment with the fundamental principles of reliable grid
operation. Likewise, the related protocols and standards, including OpenADR 2.0
(AutoDR based standard) and Smart Energy Profile 2.0 are also available or being
finalized. Additionally, the more advanced control algorithms and methods are currently
being researched in government labs and universities and corporate research centers
globally. In several cases, technology development has reached initial commercial stage
and being demonstrated in pilots around the world.

DR 2.0 Roadmap
Over the coming decade a number of significant evolutionary milestones should allow
customers’ flexible DER to provide market and grid services. This envisions an evolution
from today's use of load as a capacity resource and the emergence of opportunities for
DR in ancillary services to expand to a much broader use of flexible DER. It could be that
more than half the services identified earlier in figure 20 will be accessible to customers
with qualified flexible distributed resources in California and in a Mid-Atlantic or
Northeastern state by 2020. This projection is based on foundational rulings by FERC,
including 745 and 755, combined with state renewable portfolio standards and demand
side management goals, and forecasts of 400+ GWs of distributed resources by 2020.
These all suggest that the fundamental forces of change are already in motion.

57

J. Taft and P. De Martini, Ultra Large-Scale Power System Control Architecture, Cisco, 2012
P. Cappers, J. MacDonald and C. Goldman, Market and Policy Barriers for Demand Response Providing
Ancillary Services in U.S. Markets, LBNL, March 2013
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However, the pace and scope of market access and customer participation across the US
will continue to evolve unevenly. Plus, customer participation in more advanced services
will likely continue to face challenges regarding tangible financial value at perceived
acceptable level of participation risk. This is why a primary focus this decade will involve
resolving market access and customer value proposition as identified by LBNL 58 and
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discussed in the next chapter, and as described by GWAC 59 as part of a core Transactive
Energy Framework to be completed in late 2013.

Figure 24 DR 2.0 Roadmap
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The following brief case studies provide examples of DR 2.0 developments currently in
operation or in demonstration across the three roadmap stages identified above.
Stage 1:
CPS Energy: H2G Virtual Power Plant
CPS Energy’s long term energy plan for San Antonio includes 20 percent of the city’s
power generation capacity coming from renewable sources by 2020 and an overall
reduction in demand of 771 MW. CPS Energy is also incorporating flexible demand side
59

GWAC Transactive Energy website: http://www.gridwiseac.org/about/transactive_energy.aspx

resources, through a program using the Consert Virtual Peak PlantSM technology
beginning in late 2010 with approximately 100 residential and small commercial
customers. Early results were successful and CPS Energy is now expanding to 140,000
homes and small businesses with a goal of 250 MW of dispatchable reserves during peak
demand.
Program participants receive: a device controller on high energy consumption devices
such as water heaters, air conditioners and pool pumps for energy measurement and
load control; a communicating gateway under the glass of the electric meter; and a
programmable communicating thermostat. The measurement and control devices
communicate wirelessly via ZigBee to the Consert gateway. The gateway communicates
in real time to the Consert data center via 3G wireless networks.

Figure 25: CPS Energy H2G Virtual Power Plant

ConEdison: VPP for Distribution Balancing & Market Resource
ConEdison has developed a virtual power plant that addresses both distribution level
needs as well as the ability to provide bulk power services to NYISO. This project is
funded in part through an ARRA smart grid demonstration grant. ConEdison and its
partners, Verizon and Innoventive Power, have developed a Demand Response
Command Center (DRCC) that links Con Edison’s distribution control center to customers’
distributed resources. This allows distribution operators to have increased visibility into
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the operational flexibility of customer DER and enhanced power system awareness for
planning and early response to real and potential problems on the distribution system.
The heart of the system is the GridAgents™ platform that enables local and remote
distributed intelligence to provide grid visibility, automation, and control for distribution
operations. Analytic tools are also being developed to mitigate system reliability issues
and improve asset management. In addition to distribution balancing, the project
includes an ice storage project and registration with the NYISO to provide a Demand
Side Ancillary Services Program resource (DSASP) from the ConEdison system.

Figure 26: ConEdison DRCC System

RWE Distributed Generation Virtual Power Plant
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RWE, with Siemens, has been operating a 20 MW virtual power plant (VPP) that
integrates customers’ onsite flexible distributed generation for two years. RWE started to
market services from its VPP on the German EEX energy exchange in early February 2013.
This was the first direct marketing of electricity from a large number of compliant energy
sources under Germany's Renewable Energy Sources Act. Given its success, RWE is
expanding the size tenfold to about 200 MW by 2015.

Figure 27 RWE Flexible DG based Virtual Power Plant

Stage 3:
Transactive Control: Pacific Northwest Smart Grid Demonstration
The Pacific Northwest Demonstration Project is centered on demonstrating transactive
control. This involves a two-way communication, control and incentive system that will
allow largely wind energy to be balanced by distributed resources across the region. The
system, under development since 2010, will attempt to provide about 60 to 70
megawatts of responsive resources. The system uses an automated signal that provides
two-way communication between customer devices and system operations regarding
power availability and price. The system is designed to coordinate both bulk power
system needs and distribution operations considerations by sending a signal to
distribution operations. A feedback signal is sent back to the balancing authority in real
time. The technology is intended to determine the cost of the power delivered to any
single point.

The technology platform was built by Battelle with IBM, 3TIER, QualityLogic, Alstom Grid
and Netezza. IBM is the lead technology partner that built the infrastructure to
disseminate the signal and integrate it with the utilities’ responsive assets; QualityLogic is
ensuring interoperability; 3TIER does wind forecasting; Alstom Grid will define and
calculate the simulated wholesale power price; and Netezza provides data storage for
processing speed and data analysis.
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During the demonstration project, the signal comes from the computers at Battelle in
five-minute intervals to the distribution utilities, where it looks like it's coming from the
transmission zone. The signal does not go directly to customer DER, unlike “prices to
devices.” Distribution operations feeds the BPA signal into its operational analysis and
then dispatches a derivative signal incorporating distribution level information to
customer DER assets every five minutes. The customer assets involved are largely
residential, in about 60,000 homes, primarily hot water heaters.
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Figure 28: Pacific NW Transactive Control System
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Business & Policy Implications
Significant economic value exists in the ability to leverage a new class of flexible mixed
distributed assets (e.g., distributed generation, responsive demand, storage, power
electronics and electric vehicles), or DR 2.0, to manage the power system. This would be
part of a larger portfolio of resources, including flexible low cost gas fired generation, to
meet the changing needs of the power system. As part of the mix, DR 2.0 can be an
effective component in a clean and sustainable energy future as identified by NERC 60 and
others. However, this future is not possible without the support of grid operators, and
collaboration between federal and state policy makers. Additional technological,
business and policy innovation is also needed. This section provides an overview of the
key issues to monitor and a checklist of decision factors as a tool for policy makers and
businesses to assess and guide DR 2.0 development.

Key Issues to Monitor
There are five key issues raised in this paper that address the opportunity to unlock real
value from flexible distributed energy resources that can be monetized to the mutual
benefit of customers, markets and system operators. The following summary list adapts
the market barriers related to the use of DR for ancillary services identified by LBNL in
their recent paper 61 as well as those identified by FERC in their 2012 DR assessment. The
LBNL paper substantially covers the basic issues related to DR 2.0 and therefore is highly
recommended reading.
1. Power System Service Definitions + Performance Requirements
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Expansion of the opportunities for DR 2.0 resources to contribute services for large
scale renewable integration, reliability and system efficiency as identified in this
report. This includes bulk power system services and distribution level differentiated
services to support power quality, reliability and grid asset optimization as viable
alternatives to utility capital investment. Market and/or operational rules that define
participation and performance requirements for specific services, generally related to
availability, flexibility, firmness, observability and settlement. This may also involve the
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adoption of new market rules, tariffs and interconnection standards that allow
integration of flexible DER with the grid.
2. Enabling Technology Investments
Significant operational issues are involved with utilizing DR 2.0 at scale to meet a
significant portion of the flexible services needed for renewable integration.
However, technological advancements in telecommunications, computing and
sensing suggest that operational requirements for automation, controllability, and
observability can be met with appropriate investment. There is also a need to align
business practices to new operational standards and technology capabilities
(including DR modeling tools) that lower the costs to market access and enable
better resource portfolio integration.
3. Revenue Availability + Monetization
The availability of revenue from advanced services sufficient to meet customers’ risk
adjusted returns is a foundational criteria. This includes sufficient revenue to also
satisfy the return required by utilities, aggregators or others investment costs. The
revenue from the new services must also be reasonably predicable as significant
revenue volatility hurts customer participation and services firm investment.
Monetization involves the full transaction lifecycle from pricing, service agreement
(e.g., tariffs and contracts), service delivery and settlement.
4. Market Access
Market participation by aggregators and load serving entities (utility and retail
energy providers) is an essential role that links potentially millions of flexible DER to
markets and T&D grid operations. The rules for participation are inconsistent across
the US and may limit or prohibit a services firm’s provision of DR 2.0 services.
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5. Customer Adoption + Engagement
Customer education is essential for the continued growth of demand response and
expansion of services envisioned with DR 2.0. This involves effective communications
and program information to enable broad customer participation in supplying rather
complex services. This issue is the most critical as the customer acquisition costs
could be very high if not done well. Additionally, ongoing engagement to provide
customers not only financial benefits, but other forms of positive reinforcement
tailored to their interests to avoid program fatigue. Fatigue was one of several
concerns raised by NERC related to more frequent dispatch of DR 2.0 services.

Decision Maker Checklist
The checklist below outlines some areas to consider when considering new DR 2.0
programs, or altering an existing service. These areas are further developed into specific
questions to address development and delivery of DR 2.0 based services in bulk power
systems and/or distribution operations. The checklist is intended for use by policy
makers and business decision makers to ensure that economic efficiency and reliability
objectives are fully considered before programs are implemented.
A. Identify your real decision problem.
Examples:
• Variable wind and solar PV integration into bulk power system markets and
operations (e.g., CAISO “duck” analysis)
•

Mitigation of adverse impacts of distributed solar PV on distribution power
quality, reliability, safety and enable support for grid asset optimization

B. Specify your objectives.
Examples:
• Identify specific operational requirements for flexible resources
•

Analysis of distribution variability and power quality engineering, and
development of engineering-economic mitigation assessment and
requirements (e.g., UCSD/SDG&E solar PV impact analysis)

Examples:
• Resource adequacy/integrated resource plans that specifically evaluate DR 2.0
resources in the mix of viable resources
•

Distribution planning that specifically evaluates DR 2.0 resources as
alternatives to capital investment, asset optimization and operational
remediation measures
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C. Create a full range of alternatives.
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D. Understand the consequences of the alternatives.
Examples:
• Evaluate the full engineering-economic (including cost, performance and
locational) and environmental value related to DR 2.0 resources in the context
of other conventional resources
•

Evaluate the full engineering-economic (including cost, performance and rate
impact) value related to DR2.0 resources in the context of other distribution
grid investments (e.g., ConEd smart grid demonstration project)

E. Make explicit the inherent value tradeoffs.
Examples:
• Economic efficiency versus operational robustness
•

Customer value maximization versus operational change management
considerations )

F. Clarify the relevant uncertainties and account for your risk tolerance.
Examples:
• Good enough versus perfect operational data and information
•

Customer participation rates and program performance NERC 2012 LTRA
report)

G. Consider implications for interrelated decisions.
Examples:
• Coordinated regulatory planning needed to avoid conflicts and market
barriers 62
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•

DR 2.0 involves multiple stakeholders and 30 value streams that for several
services involve exclusive uses and potential conflicts among parties seeking
to leverage a customer’s resource (e.g., ERCOT smart meter/DR market
implementation experience)
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California example: J. Carl, D. Grueneich, et al, Renewable and Distributed Power in California, Hoover
Institution, 2012
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