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EXECUTIVE SUMMARY

Energy Independence and Security Act of 2007

Section 529 (a) of the Energy Independence and Security Act of 2007 (EISA 2007) requires the Federal
Energy Regulatory Commission (Commission or FERC) to conduct a National Assessment of Demand
Response Potential® (Assessment) and report to Congress on the following:

e Estimation of nationwide demand response potential in 5 and 10 year horizons on a State-by-State
basis, including a methodology for updates on an annual basis;

e Estimation of how much of the potential can be achieved within those time horizons,
accompanied by specific policy recommendations, including options for funding and/or
incentives for the development of demand response;

e Identification of barriers to demand response programs offering flexible, non-discriminatory, and
fairly compensatory terms for the services and benefits made available; and

e Recommendations for overcoming any barriers.

EISA 2007 also requires that the Commission take advantage of preexisting research and ongoing work
and insure that there is no duplication of effort. The submission of this report fulfills the requirements of
Section 529 (a) of EISA 2007.

This Assessment marks the first nationwide study of demand response potential using a state-by-state
approach. The effort to produce the Assessment is also unique in that the Commission is making
available to the public the inputs, assumptions, calculations, and output in one transparent spreadsheet
model so that states and others can update or modify the data and assumptions to estimate demand
response potential based on their own policy priorities. This Assessment also takes advantage of
preexisting research and ongoing work to insure that there is no duplication of effort.

Estimate of Demand Response Potential

In order to estimate the nationwide demand response potential in 5 and 10 year horizons, the Assessment
develops four scenarios of such potential to reflect different levels of demand response programs. These
scenarios are: Business-as-Usual, Expanded Business-as-Usual, Achievable Participation and Full
Participation. The results under the four scenarios illustrate how the demand response potential varies
according to certain variables, such as the number of customers participating in existing and future
demand response programs, the availability of dynamic pricing’ and advanced metering infrastructure

! Energy Independence and Security Act of 2007, Pub. L. No. 110-140, § 529, 121 Stat. 1492, 1664 (2007) (to be codified at
National Energy Conservation Policy Act § 571, 42 U.S.C. 88 8241, 8279) (EISA 2007). The full text of section 529 is attached
as Appendix F.

2 |In the Commission staff's demand response reports, the Commission staff has consistently used the same definition of “demand
response” as the U.S. Department of Energy (DOE) used in its February 2006 report to Congress:

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.
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).

% In this Assessment, dynamic pricing refers to prices that are not known with certainty ahead of time. Examples are “real time
pricing,” in which prices in effect in each hour are not known ahead of time, and “critical peak pricing” in which prices on certain
days are known ahead of time, but the days on which those prices will occur are not known until the day before or day of
consumption. Static time-varying prices, such as traditional time-of-use rates, in which prices vary by rate period, day of the
week and season but are known with certainty, are not part of this analysis.

Federal Energy Regulatory Commission iX



Executive Summary

(AMI)*, the use of enabling technologies, and varying responses of different customer classes. Figure
ES-1 illustrates the differences in peak load starting with no demand response programs and then
comparing the four scenarios. The peak demand without any demand response is estimated to grow at an
annual average growth rate of 1.7 percent, reaching 810 gigawatts (GW) in 2009 and approximately 950
GW by 2019.°

This peak demand can be reduced by varying levels of demand response under the four scenarios. Under
the highest level of demand response, it is estimated that there would be a leveling of demand between
2009 and 2019, the last year of the analysis horizon. Thus, the 2019 peak load could be reduced by as
much as 150 GW, compared to the Business-as-Usual scenario. To provide some perspective, a typical
peaking power plant is about 75 megawatts®, so this reduction would be equivalent to the output of about
2,000 such power plants.

1,000

No DR (NERC)

1.7%
5Qerage Annual BA(:J """""""""
Growth Rate —> 1.7% _l_
(AAGR)
38 GW,
4%
82 GW,
; 9%
o x
138 GW,
14%
>0 Change in peak 188 GW,
demand from —— 20%
. No DR scenario
00 Expanded Achievable Full
BAU Participation Participation )
BAU: Business-as-Usual
1.3% 0.6% 0.0% DR: Demand Response
I 50 T T T T T T T T T
2009 2011 2013 2015 2017 2019

Figure ES-1: U.S. Peak Demand Forecast by Scenario

The amount of demand response potential that can be achieved increases as one moves from the Business-
as-Usual scenario to the Full Participation scenario.

It is important to note that the results of the four scenarios are in fact estimates of potential, rather than
projections of what is likely to occur. The numbers reported in this study should be interpreted as the
amount of demand response that could potentially be achieved under a variety of assumptions about the
types of programs pursued, market acceptance of the programs, and the overall cost-effectiveness of the

4 A system including measurement devices and a communication network, public and/or private, that records customer
consumption, and possibly other parameters, hourly or more frequently and that provides for daily or more frequent transmittal
of measurements to a central collection point. AMI has the capacity to provide price information to customers that allows them
to respond to dynamic or changing prices.

The “No DR (NERC)” baseline is derived from North American Electric Reliability Corporation data for total summer demand,
which excludes the effects of demand response but includes the effects of energy efficiency. 2008 Long Term Reliability
Assessment, p. 66 note 117; data at http://www.nerc.com/fileUploads/File/ESD/ds.xls

Energy Information Administration, Existing Electric Generating Units in the United States, 2007, available at
http://lwww.eia.doe.gov/cneaf/electricity/page/capacity/capacity.html
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Executive Summary

programs. This report does not advocate what programs/measures should be adopted/implemented by
regulators; it only sets forth estimates should certain things occur.

As such, the estimates of potential in this report should not be interpreted as targets, goals, or
requirements for individual states or utilities. However, by quantifying potential opportunities that exist
in each state, these estimates can serve as a reference for understanding the various pathways for pursuing
increased levels of demand response.

As with any model-based analysis in economics, the estimates in this Assessment are subject to a number
of uncertainties, most of them arising from limitations in the data that are used to estimate the model
parameters. Demand response studies performed with accurate utility data have had error ranges of up to
ten percent of the estimated response per participating customer. In this analysis, the use of largely
publicly-available, secondary data sources makes it likely that the error range for any particular estimate
in each of the scenarios studied is larger, perhaps as high as twenty percent.”

Business-as-Usual Scenario

The Business-as-Usual scenario, which we use as the base case, considers the amount of demand response
that would take place if existing and currently planned demand response programs continued unchanged
over the next ten years. Such programs include interruptible rates and curtailable loads for Medium and
Large commercial and industrial customers, as well as direct load control of large electrical appliances
and equipment, such as central air conditioning, of Residential and Small commercial and industrial
consumers.

The reduction in peak demand under this scenario is 38 GW by 2019, representing a four percent
reduction in peak demand for 2019 compared to a scenario with no demand response programs.

Expanded Business-as-Usual Scenario

The Expanded Business-as-Usual scenario is the Business-as-Usual scenario with the following additions:
1) the current mix of demand response programs is expanded to all states, with higher levels of
participation (“best practices” participation levels);® 2) partial deployment of advanced metering
infrastructure; and 3) the availability of dynamic pricing to customers, with a small number of customers
(5 percent) choosing dynamic pricing.

The reduction in peak demand under this scenario is 82 GW by 2019, representing a 9 percent reduction
in peak demand for 2019 compared to a scenario with no demand response programs.

Achievable Participation Scenario

The Achievable Participation scenario is an estimate of how much demand response would take place if
1) advanced metering infrastructure were universally deployed; 2) a dynamic pricing tariff were the
default; and 3) other demand response programs, such as direct load control, were available to those who
decide to opt out of dynamic pricing. This scenario assumes full-scale deployment of advanced metering

” For example, an estimated demand response potential of 19 percent could reflect actual demand response potential ranging from
15 to 23 percent. See Chapter Il for a description of one source of error resulting from data limitations, and Appendix E for an
analysis of uncertainties arising from the study assumptions.

® For purposes of this Assessment, “best practices” refers only to high rates of participation in demand response programs, not to a
specific demand response goal nor the endorsement of a particular program design or implementation. The best practice
participation rate is equal to the 75" percentile of ranked participation rates of existing programs of the same type and
customer class. For example, the best practice participation rate for Large Commercial & Industrial customers on interruptible
tariffs is 17% (as shown in Table 5). See Chapter V for a full description.
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infrastructure by 2019. It also assumes that 60 to 75 percent of customers stay on dynamic pricing rates,
and that many of the remaining choose other demand response programs. In addition, it assumes that, in
states where enabling technologies (such as programmable communicating thermostats) are cost-effective
and offered to customers who are on dynamic pricing rates, 60 percent of the customers will use these
technologies.

The reduction in peak demand under this scenario is 138 GW by 2019, representing a 14 percent
reduction in peak demand for 2019 compared to a scenario with no demand response programs.

Full Participation Scenario

The Full Participation scenario is an estimate of how much cost-effective demand response would take
place if advanced metering infrastructure were universally deployed and if dynamic pricing were made
the default tariff and offered with proven enabling technologies. It assumes that all customers remain on
the dynamic pricing tariff and use enabling technology where it is cost-effective.

The reduction in peak demand under this scenario is 188 GW by 2019, representing a 20 percent
reduction in peak demand for 2019 compared to a scenario with no demand response programs.

Other Results of the Assessment

As shown in Figure ES-1, the size of the demand response potential increases from scenario to scenario,
given the underlying assumptions.” Comparing the relative impacts of the four scenarios on a national
basis, moving from the Business-as-Usual scenario to the Expanded Business-as-Usual scenario, the peak
demand reduction in 2019 is more than twice as large. This difference is attributable to the incremental
potential for aggressively pursuing traditional programs in states that have little or no existing

Pae participation. However, more
il _ o ) demand response can be achieved
. U{T%;:w&% Census Regions and Divisions of the United States beyond these traditional programs.
e = By also pursuing dynamic pricing the

potential impact could further be
increased by 54 percent, the
difference between the Achievable
Participation scenario and the
Expanded Business-as-Usual
scenario. Removing the assumed
limitations on market acceptance of
demand response programs and
technologies would result in an
additional 33 percent increase in

demand response potential (the
Al difference between the Achievable
- Potential and  Full  Potential
scenarios). A conclusion of this
o] h Assessment is that at the national
— = === Jevel the largest gains in demand
response impacts can be made

MIDWEST NORTHEAST

o PACFIC
W

Figure ES- 2: Census Regions

® There are other technologies that have the potential to reduce demand. These include emerging smart grid technologies,
distributed energy resources, targeted energy efficiency programs, and technology-enabled demand response programs with
the capability of providing ancillary services in wholesale markets (and increasing electric system flexibility to help
accommodate variable resources such as wind generation.) However, these were not included in this Assessment because
there is not yet sufficient experience with these resources to meaningfully estimate their potential.
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Executive Summary

through dynamic pricing programs when they are offered as the default tariff, particularly when they are
offered with enabling technologies.

A mapping of states divided into the nine Census Divisions is provided in Figure ES-2. Regional
differences in the four demand response potentials are portrayed by Census Division in Figure ES-3. To
adjust for the variation in size among the divisions, the impacts are shown as a percentage of each
Division’s peak demand.

30% ——
"DR Gap" between BAU and Full Participation:
12% 12% 12% 13% 10% 20% 17% 20% 19%
25% -
- B —
g 20% - N M
E - —
[} — —
QO N —
2 0f - | ]
< 15% - | |
3 —
o |
2 10% - -
>
5%
0% - ‘ ‘
Pacific East Middle West New West East  Mountain  South
North Atlantic North England  South South Atlantic
Central Central Central  Central

B Business-as-Usual B Expanded BAU B Achievable Participation O Full Participation

Figure ES-3: Demand Response Potential by Census Division (2019)

Regional differences in the estimated potential by scenario can be explained by factors such as the
prevalence of central air conditioning, the mix of customer type, the cost-effectiveness of enabling
technologies, and whether regions have both Independent System Operator/Regional Transmission
Organization (ISO/RTO) and utility/load serving entity programs. For example, in the Business-as-Usual
scenario, the largest impacts originate in regions with ISO/RTO programs that co-exist with utility/load
serving entity programs. New England and the Middle Atlantic have the highest estimates, with New
England having the ability to reduce nearly 10 percent of peak demand.

The prevalence of central air conditioning plays a key role in determining the magnitude of Achievable
and Full Participation scenarios. Hotter regions with higher proportions of central air conditioning, such
as the South Atlantic, Mountain, East South Central, and West South Central Divisions, could achieve
greater demand response impacts per participating customer from direct load control and dynamic pricing
programs. As a result, these regions tend to have larger overall potential under the Achievable and Full
Participation scenarios, where dynamic pricing plays a more significant role, than in the Expanded
Business-as-Usual scenario.
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The cost-effectiveness of enabling technologies™ also affects regional differences in demand response
potential. Due to the low proportion of central air conditioning in the Pacific, New England, and Middle
Atlantic Divisions, the benefits of the incremental peak reductions from enabling technologies, as
determined in this study, do not outweigh the cost of the devices, so the effect of enabling technologies is
excluded from the analysis. As a result, in some of these states and in some customer classes the demand
reductions from dynamic pricing reflect only manual (rather than automated) customer response and so
are lower than in states where customers would be equipped with enabling technologies. This also
applies to the cost-effectiveness of direct load control programs.

The difference between the Business-as-Usual and Full Participation scenarios represents the difference
between what the region is achieving today and what it could achieve if all cost-effective demand
response options were deployed. Regions with the highest potential under the Full Participation scenario
do not necessarily have the largest difference between Business-As-Usual and Full Participation.
Generally, regions in the western and northeastern U.S. tend to be the closest to achieving the full
potential for demand response, with the Pacific, Middle Atlantic, and New England regions all having
gaps of 12 percent or less. Other regions, particularly in the southeastern U.S., have differences of as
much as 20 percent of peak demand.

Comparing the results for these four scenarios provides a basis for policy recommendations. For
example, the difference between the Business-As-Usual scenario and the Full Participation scenario
reveals the “gap” between what is being achieved today through demand response and what could
economically be realized in the future if appropriate polices were implemented. Similarly, the difference
between the Expanded Business-as-Usual and the Achievable Participation scenarios reveals the
additional amount of demand response that could be achieved with policies that rely on both dynamic
pricing and other types of programs. The Assessment also provides valuable insight regarding regional
and state differences in the potential for demand response reduction, allowing comparisons across the
various program types — dynamic pricing with and without enabling technologies, direct load control,
interruptible tariffs, and other types of demand response programs such as capacity bidding and demand
bidding — to identify programs with the most participation today and those with the most room for
growth.

Complete results for each of the fifty states and the District of Columbia are shown in Appendix A.

Barriers to Demand Response Programs and Recommendations for
Overcoming the Barriers

A number of barriers need to be overcome in order to achieve the estimated potential of demand response
in the United States by 2019. While the Assessment lists 25 barriers to demand response, the most
significant are summarized here.

Regulatory Barriers. Some regulatory barriers stem from existing policies and practices that fail to
facilitate the use of demand response as a resource. Regulatory barriers exist in both wholesale and retail
markets.

e Lack of a direct connection between wholesale and retail prices.
e Measurement and verification challenges.
e Lack of real time information sharing.

o Ineffective demand response program design.

% The Assessment evaluates the cost-effectiveness of devices such as programmable communicating thermostats and excludes
them where not cost-effective. See Chapter V for a complete description of the methodology.
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e Disagreement on cost-effectiveness analysis of demand response.

Technological Barriers.

e Lack of advanced metering infrastructure.
e High cost of some enabling technologies.

e Lack of interoperability and open standards.

Other Barriers.
e Lack of customer awareness and education.

e Concern over environmental impacts.

As discussed above, three scenarios estimating potential reductions from the Business-as-Usual scenario
have been developed. These scenarios estimate at 5 and 10 year horizons how much potential can be
achieved by assuming certain actions on the part of customers, utilities and regulators. Each utility,
together with state policy makers, must decide whether and how best to move forward with adoption of
demand response, given their particular resources and needs; however, steps can be taken to help inform
individual utility decisions and state policies, as well as national decisions.**

The increase in demand response under the Expanded Business-as-Usual scenario rests on the assumption
that current “best practice”'” demand response programs, such as direct load control and interruptible
tariff programs, are expanded to all states and that there is some participation in dynamic pricing at the
retail level. To encourage this expansion to all states and some adoption of dynamic pricing, FERC staff
recommends that:

o (Coordinated national and local education efforts should be undertaken to foster customer
awareness and understanding of demand response, AMI and dynamic pricing.

e Information on program design, implementation and evaluation of these “best practices”
programs should be widely shared with other utilities and state and local regulators.

e Demand response programs at the wholesale and retail level should be coordinated so that
wholesale and retail market prices are consistent, possibly through the NARUC-FERC
Collaborative Dialogue on Demand Response process.

e Both energy efficiency and demand response principles should be included and coordinated in
education programs and action plans, to broaden consumers’ and decision makers’ understanding,
improve results and use program resources effectively.

e Expanded demand response programs should be implemented nationwide, where cost-effective.

e Technical business practice standards for evaluating, measuring and verifying energy savings and
peak demand reduction in the wholesale and retail electric markets should be developed.

1 On a separate track FERC issued the Wholesale Competition Final Rule, which recognized the importance of demand response
in ensuring just and reasonable wholesale prices and reliable grid operations. As part of the Final Rule, FERC required all
RTOs and 1SOs to study whether further reforms were necessary to eliminate barriers to comparable treatment of demand
response in organized markets, among other things. Most RTOs and ISOs submitted filings that identified the particular
barriers and possible reforms for their specific markets. Wholesale Competition in Regions with Organized Electric Markets,
Order No. 719, 73 Fed. Reg. 64, 100 (Oct. 28, 2008), FERC Stats. & Regs. 1 61,071 (2008).

12 See definition of “best practices” at note 7.
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e Open standards for communications and data exchange between meters, demand response
technologies and appliances should be encouraged and supported, particularly the efforts of the
National Institute of Standards and Technology to develop interoperability standards for smart
grid devices and systems.

o Cost-effectiveness tools should be developed or revised to account for many of the new
environmental challenges facing states and the nation, and to reflect the existence of wholesale
energy and capacity markets in many regions.

o Regulators and legislators should clearly articulate the expected role of demand response to allow
utilities and others to 1) plan for and include demand response in operational and long-term
planning, and 2) recover associated costs.

The Achievable Participation and Full Participation scenarios estimate that the largest demand response
would take place if advanced metering infrastructure were universally deployed and consumers respond
to dynamic pricing. The Achievable Participation scenario is realized if all customers have dynamic
pricing tariffs as their default tariff and 60 to 75 percent of customers adopt this default tariff, while the
Full Participation scenario is based on all consumers responding to dynamic prices. For this to occur, in
addition to the recommendations above,

e Dynamic pricing tariffs should be implemented nationwide.

e Information on AMI technology and its costs and operational, market and consumer benefits
should be widely shared with utilities and state and local regulators.

o (Qrants, tax credits and other funding for research into the cost and interoperability issues
surrounding advanced metering infrastructure and enabling technologies should be considered, as
appropriate.

e Expanded and comprehensive efforts to educate consumers about the advantages of AMI and
dynamic pricing should be undertaken.

The Full Participation scenario is dependent upon removal of limitations to market acceptance through
implementation of these recommendations, and all customers must be able to respond under dynamic
pricing.

FERC is required by Section 529 of EISA 2007, within one year of completing this Assessment, to
complete a National Action Plan on Demand Response. The Action Plan will be guided in part by the
results of this Assessment.
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CHAPTER I. PURPOSE OF THE REPORT

Introduction

This report fulfills the requirements of the Energy Independence and Security Act of 2007 (EISA 2007) to
conduct a national assessment of demand response (“the Assessment”) using a state-by-state approach.
As required by the EISA 2007, the analysis examines the potential for demand response over a ten year
forecast horizon, with 2010 being the first year of the forecast and 2019 being the final year. In addition,
the report identifies the barriers to achieving demand response potential, as required in EISA 2007. The
work has been informed by preexisting research on the topic. The analysis concludes with policy
recommendations by Federal Energy Regulatory Commission (FERC) staff for ways to overcome the
barriers to demand response. FERC has commissioned The Brattle Group, along with Freeman, Sullivan
& Co. and Global Energy Partners LLC to conduct this analysis.

As used in this report, the term demand response is defined as follows:

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.

The Assessment quantiﬁes demand response potential for four scenarios, each designed to answer a
different question:

e Business-as-Usual Scenario (“BAU”): What will demand response and peak demand be in five
and ten years?

o Expanded BAU Scenario (“EBAU”): What will demand response and peak demand be in five
and ten years if the current mix of demand response programs is expanded to all states and
achieves “best practices” levels of participation, and there are modest amounts of pricing
programs and advanced metering infrastructure (AMI)" deployment?

e Achievable Participation Scenario (“AP”): What is the potential for demand response and peak
demand in five and ten years if AMI is universally deployed, dynamic pricing is the default tariff,
and other programs are available to those who decide to opt out of dynamic pricing?

e Full Participation Scenario (“FP”): What is the total potential amount of cost-effective demand
response that could be achieved in five and ten years?

Comparing and contrasting the results for these four scenarios can answer a number of important
questions. For example, the difference between the BAU scenario and the FP scenario reveals the “gap”
between what is being achieved today through demand response and what could economically be realized
in the future if the barriers are removed. Similarly, the difference between the EBAU and AP scenarios
reveals the additional amount of demand response that could be achieved if policies shifted to an
approach that relies on both economic and reliability based programs.

'3 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.

 For more detail on the assumptions behind these scenarios, see Chapter V.

5 A system including measurement devices and a communication network, public and/or private, that records customer
consumption, and possibly other parameters, hourly or more frequently and that provides for daily or more frequent transmittal
of measurements to a central collection point. AMI has the capability to provide customers with price information, allowing
them to respond to dynamic or changing prices.
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The study also provides insight regarding regional differences in demand response potential. The state-
level nature of the analysis allows for comparisons across different regions of the U.S. to identify areas
where there is opportunity for substantial growth and adoption of demand response. Comparisons can
also be made across various program types - dynamic pricing with and without enabling technologies,
direct load control, interruptible tariffs, and other types of demand response programs such as capacity
bidding and demand bidding — to identify those programs with the most participation today and those
with the most room for growth.

It is important to note that the results of the four scenarios are in fact estimates of potential, rather than
projections of what is likely to occur. The numbers reported in this study should be interpreted as the
amount of demand response that could potentially be achieved under a variety of assumptions about the
types of programs pursued, market acceptance of the programs, and the overall cost-effectiveness of the
programs. This report does not advocate what programs/measures should be adopted/implemented by
regulators; it only sets forth estimates should certain things occur.

As such, the estimates of potential in this report should not be interpreted as targets, goals, or
requirements for individual states or utilities. However, by quantifying potential opportunities that exist
in each state, these estimates can serve as a reference for understanding the various pathways for pursuing
increased levels of demand response.

As with any model-based analysis in economics, the estimates in this Assessment are subject to a number
of uncertainties, most of them arising from limitations in the data that are used to estimate the model
parameters. Demand response studies performed with accurate utility data have had error ranges of up to
ten percent of the estimated response per participating customer. In this analysis, the use of largely
publicly-available, secondary data sources makes it likely that the error range for any particular estimate
in each of the scenarios studied is larger, perhaps as high as twenty percent.*

The bottom-up, state-specific nature of the Assessment has led to a number of key developments which
will contribute to future research on the topic. Of primary importance is the development of a flexible,
user-friendly model for assessing demand response potential. The model is an Excel spreadsheet tool that
contains user friendly drop-down menus which allow users to easily change between demand response
potential scenarios, import default data for each state, and change input values on either a temporary basis
for use in “what if” exercises or on a permanent basis if better data are available.

Highlights of additional unique contributions are as follows:

o The Assessment is the first nationwide, bottom-up study of demand response potential using a
state-by-state approach. Previous national studies have taken a top-down approach and as a result
have not captured the varying regional effects of some of the key drivers of demand response
potential, such as market penetration of central air conditioning. Other studies have utilized a
bottom-up approach, but have been limited to specific geographical regions and do not allow for a
consistent comparison across all parts of the U.S.

e The Assessment led to the development of an internally consistent, state-by-state database
containing all inputs needed to do a bottom-up estimate of demand response potential.

e Normalized load shapes were developed for five sectors (Residential with central air
conditioning, Residential without central air conditioning, Small commercial and industrial,
Medium commercial and industrial, and Large commercial and industrial). Historical usage data
from twenty-one states and a newly-developed load shape estimation model created load shapes
for the other twenty-nine states.

% For example, an estimated demand response potential of 19 percent could reflect actual demand response potential ranging from
15 to 23 percent. See Chapter |l for a description of one source of error resulting from data limitations, and Appendix E for an
analysis of uncertainties arising from the study assumptions.
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e Price elasticities and impacts estimates from 15 dynamic pricing pilots were synthesized to
produce impacts estimates for each state. The impacts take into account differences in central air
conditioning (CAC) saturation for residential customers, climate, and the effect of enabling
technology.

o The Assessment led to the development of a comprehensive and thorough summary of barriers to
the achievement of demand response at the retail and wholesale level.

Structure of the Report

Chapter II of the Assessment identifies the key assumptions for each of the four demand response
scenarios, along with a brief justification for the definitions of the scenarios.

Chapter III provides a summary of the results, identifying important trends and insights at the national,
regional, and state levels.

Chapter IV is a qualitative discussion of future trends and opportunities for reducing peak demand,
particularly in light of recent developments in smart grid technology. Ideas for future research are also
recommended.

Chapter V provides more detail on how the results were developed. It includes a description of the
modeling methodology as well as a summary of the data development process. More detailed backup is
provided in Appendix D.

Chapter VI identifies existing barriers to demand response. These are barriers that are currently
contributing to the “gap” between the amount of demand response in place today and the potential
estimates that are described in this report.

Chapter VII concludes the report by presenting policy recommendations for addressing the demand
response barriers and moving closer to achieving the identified potential.

Contained in the appendices of this report are documents which support the findings and
recommendations of this Assessment.

Appendix A provides detailed information on the demand response potential projections for each
state.

Appendix B offers lessons learned in the development of the data used in this Assessment.
Appendix C provides detail on the analysis of barriers to achieving demand response potential.

Appendix D contains documentation of the database development process used to create the model
inputs for the report.

Appendix E is an uncertainty analysis, which represents the magnitude and impact of the uncertainty
related to the results of this Assessment.

Appendix F is the full text of the Energy Independence and Security Act of 2007, Section 529 which
applies to this Assessment.

Finally, Appendix G contains a glossary of terms.
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CHAPTER II.  KEY ASSUMPTIONS

This chapter identifies the key assumptions that are important for interpreting and understanding the
results of the Assessment. This includes the type of demand response programs that were included in the
Assessment, definition of the customer classes considered, and the key distinctions between the four
demand response scenarios. The purpose of this chapter is to provide context for the discussion of the
key results in Chapter III. For details on specific assumptions and their justification, as well as on
modeling methodology and data development, see Chapter V.

Customer Classes

Retail customers are divided into four segments based on common metering and tariff thresholds. Much
of the data used in this Assessment was segmented in this way.

e Residential: includes all residential customers.

e Small commercial and industrial: commercial and industrial customers with summer peak
demand '’ less than 20 kilowatts (kW).

e Medium commercial and industrial: commercial and industrial customers with summer peak
demand between 20 and 200 kW.

e Large commercial and industrial: commercial and industrial customers with summer peak
demand greater than 200 kW. "

Demand Response Program Types

The analysis includes five types of demand response programs: dynamic pricing without enabling
technology, dynamic pricing with enabling technology, direct load control, interruptible tariffs, and
“other” demand response programs such as capacity/demand bidding and wholesale programs
administered by Independent System Operators (ISOs) and Regional Transmission Operators (RTOs).
These demand response program categories are defined below.

Dynamic pricing without enabling technology: Dynamic pricing refers to the family of rates that offer
customers time-varying electricity prices on a day-ahead or real-time basis. Prices are higher during peak
periods to reflect the higher-than-average cost of providing electricity during those times, and lower
during off peak periods, when it is cheaper to provide the electricity. The rates are dynamic in the sense
that prices change in response to events such as high-priced hours, unexpectedly hot days, or reliability
conditions."” Customers respond to the higher peak prices by manually curtailing various end-uses. For
example, residential customers might turn up the set-point on their central air conditioner or reschedule
their kitchen and laundry activities to avoid running their appliances during high priced hours. The higher

7 Summer peak demand is the customer's highest instantaneous level of consumption during the summer season.

'8 There is some justification for further dividing this class to separately analyze very large C&l customers (i.e. with peak demand
greater than 1 MW), as these customers would behave differently and potentially be eligible for different demand response
programs. However, this group of customers is heterogeneous in size, end-uses, and consumption patterns. To separately
analyze them is very challenging from a data perspective and is an area where further research could lead to additional
valuable insights.

% This definition excludes time-of-use (TOU) rates. TOU rates, in which prices typically vary by rate period, day of week and
season, have higher prices during all peak rate periods and lower prices during all off-peak rate periods. They have not been
included in the portfolio of demand response options because they are static rates and do not provide a dynamic price signal to
customers that can be used to respond to unexpectedly high-priced days or reliability events. Other forms of dynamic pricing
include critical peak pricing, in which the prices on certain days are known ahead of time, but the days on which those prices
occur are not known until the day before or day of, and real time pricing, in which prices in effect in each hour are not known
ahead of time.
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priced peak hours are accompanied by lower priced off-peak hours, providing customers with the
opportunity to reduce their electricity bills through these actions.

Examples of dynamic rates include critical peak pricing, peak time rebates, and real-time pricing. Peak
time rebate is different than critical peak pricing and real-time pricing rates in that rather than charging a
higher price during critical events, customers are provided a rebate for reductions in consumption. The
analysis assumes that advanced metering infrastructure (AMI) must be in place to offer any of these rates.
AMI includes “smart meters” that have the capability to measure customer usage over short intervals of
time (often 15 minutes), as opposed to many conventional meters that are read manually on a monthly
basis.

Dynamic pricing with enabling technology: This program is similar to the previously described dynamic
pricing program, but customers are also equipped with devices that automatically reduce consumption
during high priced hours. For Residential and Small and Medium commercial and industrial customers,
the automated technology (known as a programmable communicating thermostat) adjusts air conditioning
energy use where such devices are determined to be cost-effective. Lar%e commercial and industrial
customers are assumed to be equipped with automated demand response™ systems, which coordinate
reductions at multiple end-uses within the facility.

Direct load control (DLC): Customer end uses are directly controlled by the utility and are shut down or
moved to a lower consumption level during events such as an operating reserve shortage. For residential
customers, an air-conditioning DLC program is modeled.” Direct control of other residential end uses,
such as water heating, was not included.” Non-residential DLC programs include air-conditional load
control as well, but could also include other forms of DLC in some states, such as irrigation control.

Interruptible tariffs: Customers agree to reduce consumption to a pre-specified level, or by a pre-
specified amount, during system reliability problems in return for an incentive payment of some form.
The programs are generally only available for Medium and Large commercial and industrial customers.

Other DR programs: The Other DR category includes programs primarily available to Medium and Large
commercial and industrial customers such as capacity bidding, demand bidding, and other aggregator
offerings, whether operated by an ISO, RTO, or a utility in an area without an ISO or RTO. This category
also includes demand response being bid into capacity markets. Some of these programs are primarily
price-triggered while others are triggered based on reliability conditions.

We have excluded certain options from the scope of our study that are sometimes included in the
definition of demand response. These include static time-of-use (TOU) rates, back up generation,
permanent load shifting and plug-in hybrid vehicles (PHEVs). The reasons are briefly described below.

Often, demand response studies will include the impacts of all rates that are “time varying.” Time
varying rates typically are structured such that customers are offered higher prices during peak periods
when demand for electricity is at its highest. This higher peak price is accompanied by a discounted,
lower price during the remaining hours. By providing customers with rates that more accurately reflect
the true cost of providing electricity over the course of the day, customers have an incentive to shift load
from the peak period to the off-peak period, thus reducing the overall cost of providing electricity.”

Within the family of time-varying rates, there is a distinction between rates that are “static” and those that
are “dynamic.” For dynamic rates, as described previously, the peak period price can be triggered to

% Automated demand response is a communications infrastructure that provides the owner of the system with electronic signals that
communicate with the facility’s energy management control system to coordinate load reductions at multiple end-uses.

! Such DLC programs could be based on a programmable communicating thermostat or a conventional “switch” that cycles the air
conditioner. For the purposes of this analysis, a switch is the basis for the DLC program.

% These other forms of DLC were excluded because they represent a fairly small share of aggregate DLC program impacts and the
state-level appliance saturation data necessary to conduct such an analysis was not readily available.

2 Alternatively, a rebate could be offered for consumption curtailment during peak periods.
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target specific system events, such as high-priced hours, unexpectedly hot days, or reliability conditions.
Customers are typically notified of the higher peak period price on a day-ahead or day-of basis. Static
rates, on the other hand, do not have this feature and instead use fixed peak and off-peak prices that do not
change regardless of system conditions. TOU rates fall under this category of static time-varying rates.
While TOU rates provide incentive to permanently shift load from peak periods to off-peak periods, they
do not have the flexibility to allow for an increase in response on short notice.

In addition, in many parts of the country TOU rates have been in place for decades and as a result their
impacts are already factored into the reference load forecast. Further, FERC’s Demand Response Survey
database™ impact estimates are not available for many TOU rates. It is for these reasons that TOU rates
were excluded from the analysis.

Programs that specifically target back-up generation were excluded as well. However, if back-up
generation as a technology underlies demand response for a more general program, that program was
included.  Additionally, permanent load shifting was excluded because it cannot be dispatched
dynamically to meet system requirements. It is analogous to energy efficiency, which is also excluded
from the scope of this report. Finally, we have excluded PHEVs because there is insufficient data to
analyze their impacts and because, given the current absence of significant market penetration of PHEVs,
their impact over the 10 year analysis horizon will likely be small.

Demand Response Scenarios

Four scenarios have been considered in this analysis. The first, Business-as-Usual, is simply a measure of
existing demand response resources and planned growth in these resources. The other three scenarios are
measurements of demand response potential under varying assumptions. All three of the demand
response potential scenarios are limited only to cost-effective demand response programs, meaning that
the net present value of the benefits of a given program exceeds the costs.”

Business-as-Usual (BAU) is an estimate of demand response if current and planned demand response
stays constant. This scenario is intended to reflect the continuation of current programs and tariffs. In
most instances, growth in program impacts is not modeled, although where information is available that
explicitly states likely growth projections, that information has been included. The value in this scenario
is that it serves as the starting point against which to benchmark the three other demand response potential
scenarios.

Expanded BAU (EBAU) is an estimate of demand response if the current mix of demand response
programs is expanded to all states and achieves “best practices” levels of participation, along with a
modest amount of demand response from pricing programs and AMI deployment.” The key assumption
driving participation in the non-pricing programs is that all programs achieve participation rates that are
representative of “best practices.” This scenario provides insight regarding what could be achieved
through more aggressive pursuit of programs that exist today. However, it does not account for those
programs that are not heavily pursued today but have significant potential, such as residential dynamic
pricing.

Achievable Participation (AP) is an estimate of demand response if AMI is universally deployed,
dynamic pricing is the default tariff, and other programs are available to those who decide not to enroll in

2 Available at http://www.ferc.gov/industries/electric/indus-act/demand-response/2008/survey.asp

% For the purposes of this Assessment, the Total Resource Cost (TRC) test is used. More information on the cost-effectiveness
screening is provided in Chapter V.

% For purposes of this Assessment, “best practices” refers only to high rates of participation in demand response programs, not to a
specific demand response goal nor the endorsement of a particular program design or implementation. The best practice
participation rate is equal to the 75" percentile of ranked participation rates of existing programs of the same type and
customer class. For example, the best practice participation rate for Large Commercial & Industrial customers on interruptible
tariffs is 17% (as shown in Table 5). See Chapter V for a full description.
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dynamic pricing. Customer participation rates were developed to reflect the reality that not all customers
will participate in demand response programs. In this scenario, participation in dynamic pricing programs
is not limited as it is in the EBAU scenario, and all demand response programs can be equally pursued.
This scenario considers the potential inherent in all available demand response programs while restricting

the total potential estimate to maximum participation levels that could likely be achieved in reality.

Full Participation (FP) is an estimate of the total amount of cost-effective demand response.

This

scenario assumes that there are no regulatory or market barriers and that all customers will participate.
The value of this scenario is that it quantifies the upper-bound on demand response under the assumptions
and conditions modeled in this Assessment.*

Comparing the Key Scenario Assumptions

The four scenarios are differentiated by a set of distinguishing assumptions. The differentiation is driven

mostly by assumptions about pricing programs. Table 1 summarizes these key differences.

Table 1: Key Differences in Scenario Assumptions

Assumption Business-as-Usual Sl AEIEELD 2l
P BAU Participation Participation
AMI deployment Partial Deployment | Partial deployment | Full deployment Full deployment
oy . Universal
Dynamic pricing participation (of eligible) Today's level Voluntary (opt-in); Default (opt-out); (mandatory);
5% 60% to 75%
100%
Eligible customers offered enabling tech None None 95% 100%
:Eellcgr:ble customers accepting enabling None None 60% 100%
Basis for non-pricing participation rate Today's level Best p_ract|ces Best p_ract|ces Best pracuces
estimate estimate estimate

In the Full Participation and Achievable Participation scenarios, AMI is assumed to reach 100 percent
deployment in all states by 2019. In the EBAU scenario, only partial deployment of AMI is achieved,
depending on the current status of utility deployment plans in each state. This is consistent with the
definition of the EBAU scenario as focusing heavily on non-pricing demand response programs, which do
not require AMI for operation. By 2019, in the EBAU scenario, AMI market penetration ranges from 20
percent to 100 percent with a national average of about 40 percent. The BAU scenario assumes the
existence only of those AMI systems that are in place today or for which plans for deployment have been
announced.

Dynamic pricing is assumed to be widely available in the AP and FP scenarios. In the FP scenario, it is
the only rate that is offered to customers. In the AP scenario, dynamic pricing is offered on a default
basis, meaning that all customers are enrolled in a dynamic rate but they can “opt out” to a different rate
type. Forty percent of Medium and Large commercial and industrial customers are assumed to opt out of
the dynamic rate, as are 25 percent of Residential and Small commercial and industrial customers.” The
EBAU scenario assumes a minimal amount of participation in dynamic pricing, with the rate being

z Technologies not modeled in the Assessement also have the potential to reduce demand. These include emerging smart grid
technologies, distributed energy resources, targeted energy efficiency programs, and technology-enabled demand response
programs with the capability of providing ancillary services in wholesale markets (and increasing electric system flexibility to
help accommodate variable resources such as wind generation.) However, these were not included in this Assessment
because there is not yet sufficient experience with these resources to meaningfully estimate their potential.

% For details on the basis for these assumptions, see Chapter V.
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offered on a voluntary (opt-in) basis and only five percent of the customers in each customer class
choosing to enroll.”

Another significant driver of the difference between the three demand response potential scenarios is the
share of customers equipped with enabling technologies. Customers with enabling technology are a
subset of those enrolled in dynamic pricing. In addition to being enrolled in dynamic pricing, for a
customer to be equipped with enabling technology in a given scenario it must meet three criteria. It must
first have load that is suitable for the technology,” then it must be offered the technology, and finally it
must accept the technology.

In the FP scenario, all eligible customers with load suitable for the technology are assumed to be offered
the technology where it is cost-effective. Further, all of the customers who are offered the technology are
assumed to accept it. In the AP scenario, acceptance rates for both the utility and the customer reflect the
reality that the equipment will not be utilized in all instances where it makes economic sense to do so. In
this scenario, 95 percent of eligible customers are offered the technology and 60 percent of eligible
customers who are offered the technology accept it. Enabling technologies are not part of the EBAU or
BAU scenarios. These market acceptance rates are largely assumption-driven for the purposes of
defining the scenarios. Given the illustrative nature of these assumptions, they are ideal candidates for an
uncertainty analysis.

Participation rates in the non-dynamic pricing programs (DLC, interruptible tariffs, and Other DR) are
determined using estimates of ‘“best practices” developed using survey data from FERC’s 2008
Assessment of Demand Response and Smart Metering. These participation rates are held constant on a
percentage basis across all three scenarios and are applied to the segment of the population that is not
participating in dynamic pricing. Thus, the major difference between the scenarios is that the
participation rates are applied to a different population of eligible customers. More details on the
development of the final participation rates are provided in Chapter V.

In most studies of demand response, data from multiple data sources must be brought together and
reconciled to create a coherent and internally consistent picture. That is especially true of this study,
where multiple scenarios of demand response potential have been created for the fifty states and the
District of Columbia. In the construction of the BAU scenario, the Assessment has relied on a top-down
approach that yields aggregate impacts of demand response potential. The main data source has been the
FERC demand response survey. The construction of the other three scenarios has relied on a bottom-up
approach that expresses demand response potential as the product of existing peak-demand, percent drop
in load per participating customer and number of participating customers. In most cases, the assumptions
underlying these other scenarios are consistent with the data underlying the BAU scenario.

However, in a few cases where the BAU numbers are a high proportion of the peak demand forecast,
intrinsic discrepancies between the bottom-up and top-down approaches have prevented a complete
reconciliation of the data from different sources. Empirically, the effect of these discrepancies is likely to
be very small in magnitude and confined to small states with large amounts of existing demand response.
In these states, the demand response potential may be slightly overstated, by not more than a percentage
point or so. For the majority of states in the Assessment, the impact would be negligible and is dwarfed
by other uncertainties in factors such as the peak load forecast, the per-customer impact of specific
demand response programs and projections of the number of participating customers. In the future, this
discrepancy could be reduced with more-detailed survey data to support the BAU scenario. FERC staff is
evaluating changes to its survey methodology with this objective in mind. Also, the North American
Electric Reliability Corporation (NERC) has designed and is refining a systematic approach to collecting
demand response data that will contribute to the accuracy and usefulness of future analyses.®

 For programs in states where enroliment is already greater than five percent, the existing participation rate overrides this value.

° For example, for residential customers, only those with central air conditioning would be eligible for a programmable
communicating thermostat since it specifically applies to air conditioning load. This assumption does not vary across scenarios
but does vary across customer classes and states.

* See NERC, Demand Response Data Availability System (DADS) Preliminary Report, Phase I&ll, June 3, 2009.
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CHAPTER III.  KEY RESULTS

This chapter summarizes the key results of the Assessment, identifies important trends in the findings,
and compares demand response potential across scenarios, classes, program types, and regions. These
findings are summarized for the U.S. as a whole, at the Census Division level, and at the state level.

National Results

A comparison of the demand response estimates under the four scenarios illustrates the potential impact
of demand response on peak demand over the analysis horizon. This is illustrated in Figure 1. For the
purposes of this Assessment, 2009 is considered to be the base year, and 2010 through 2019 is considered
to be the analysis horizon.

Figure 1: U.S. Summer Peak Demand Forecast by Scenario

1,000
No DR (NERC)
BAU 1.7%

050 1 Average Annual - = mrmem—g-———r———-
Growth Rate —> 1.7% _L
(AAGR)
| 38 GW,
900 o
82 GW,
> 850 - 9%
L) 2
138 GW,
800 - o
750 - Change in peak 188 GW,
demand from —— 20%
No DR i
200 Expanded Achievable Full © PR scenario
]?é‘:‘oL/J Parté)cg))ftlon Parté)c:)%?tmn BAU: Business-as-Usual
3% .6% .0%

DR: Demand Response

650 x T x T x x w y ;
2009 2011 2013 2015 2017 2019

The black line represents a U.S. peak demand forecast that does not include any demand response, as
provided by the North American Electric Reliability Corporation (NERC).” Peak demand begins at
about 810 GW in 2009 and grows at an average annual growth rate (AAGR) of 1.7 percent, reaching
slightly more than 950 GW by 2019. Peak demand in the BAU scenario grows at a very similar rate, but
is lower overall. The reduction in peak demand under BAU, relative to the NERC forecast without
demand response, is 37 GW in 2009 and 38 GW by 2019, representing a four percent reduction in peak
demand. The EBAU demand response scenario produces a peak demand estimate that grows at an
AAGR of 1.3 percent per year as a result of further reduction in peak demand of 82 GW, or nine percent,
by 2019. The AP scenario produces even larger reductions in peak demand, reducing the AAGR to 0.6

* The “No DR (NERC)” baseline is derived from NERC data for total summer demand, which excludes the effects of demand
response but includes the effects of energy efficiency. 2008 Long Term Reliability Assessment, p. 66 note 117; data at
http://lwww.nerc.com/fileUploads/File/ESD/ds.xls. http://www.nerc.com/page.php?cid=4|38|41
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percent by reducing the peak by 138 GW, or 14 percent, by 2019. The FP scenario produces the largest
reductions. Under this scenario, peak demand growth is approximately zero, and by 2019 would be 188
GW (20 percent) less than if there were no demand response programs in place.®

The peak demand reduction estimates under the three demand response potential scenarios show a dip
between 2010 and 2013, after which the reductions increase at varying rates. This pattern is a result of
the assumed market penetration schedule of new demand response programs. For the traditional
programs (i.e. direct load control, interruptible and curtailable, and RTO-sponsored), states are assumed
to ramp-up to final participation rates over the five year period between 2009 and 2014 in an “S-shaped
curve.” In other words, between 2009 and 2010, these programs experience relatively little incremental
growth and the growth in peak demand is greater than the growth in demand response reductions. Then,
between 2010 and 2013, the incremental increase in demand response is much higher, resulting in
negative peak load growth during those years. After that, the incremental increase is smaller and the new
programs mature and reach full participation (as a percentage of total customers) by 2015. Further, the
effect of dynamic pricing over time is dependent on AMI market penetration, which increases throughout
the forecast horizon. The more aggressive AMI deployment assumption in the AP and FP scenarios
explains why demand response increases more significantly in the later years of those scenarios.

Figure 2: U.S Demand Response Potential by Program Type (2019)
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It is interesting to compare the relative impacts of the four scenarios. Moving from the BAU scenario to
the EBAU scenario, the peak demand reduction in 2019 is more than twice as large. This difference is
attributable to the incremental potential for aggressively pursuing non-pricing programs in states that have
little or no existing participation. However, more demand response can be achieved beyond these non-
pricing programs. By also pursuing dynamic pricing the potential impact could further be increased by 68
percent, the difference between the AP scenario and the EBAU scenario. Removing the assumed
limitations on market acceptance of demand response programs and technologies would result in an

* This study assumes demand response occurs for four hours a day during the 15 highest load days of the year. Thus it reduces
peak demand, but not necessarily demand in other (non-peak) times, and it may not reduce overall load growth in proportion to
the reduction in peak demand.
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additional 36 percent increase in demand response potential (the difference between the AP and FP
Scenarios). A conclusion of this Assessment is that at the national level, the largest gains in demand
response impacts can be made through pricing programs, particularly when offered with enabling
technologies. This is more pronounced in the FP scenario, where roughly 70 percent of the impacts come
from pricing programs. These findings are presented in Figure 2.

Just as demand response programs contribute to total demand response potential in varying degrees, so do
the customer segments. Today, the majority of demand response comes from Large commercial and
industrial customers, primarily through interruptible tariffs and capacity and demand bidding programs.
However, it is the residential class that represents most untapped potential for demand response. As seen
below, the impacts from this class drive the major differences in the demand response potential scenarios.
Based on the assumptions underlying this study, residential customers provide the greatest per-customer
impacts from pricing programs. While residential customers provide only roughly 17 percent of today’s
demand response potential, in the AP scenario they provide over 45 percent of the potential impacts. This
is illustrated in Figure 3.

Figure 3: U.S. Demand Response Potential by Class (2019)
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Regional Results

Figure 4: The Nine Census Divisions
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scenario is provided in Figure 5.

Figure 5: Demand Response Potential by Census Division (2019)

30% —
"DR Gap" between BAU and Full Participation:
12% 12% 12% 13% 10% 20% 17% 20% 19%
25%
- B —
& 20% - N M
E . —
[ — —
(a) n —
4 04 —
< 15% | | — |
S —
a —
— —
© 10% -
>
5% -
O% 1 T T T T T T T T
Pacific East Middle West New West East Mountain  South
North Atlantic North England  South South Atlantic
Central Central Central  Central
B Business-as-Usual B Expanded BAU M Achievable Participation OFull Participation
30 A National Assessment of Demand Response Potential



Chapter III - Key Results

The largest existing (BAU) impacts are in regions with both wholesale demand response programs and
utility/load serving entity programs. Thus, New England and the Middle Atlantic have the highest
estimates for the BAU scenario, with New England reporting to have the ability to reduce nearly 10
percent of peak demand through demand response programs. Regions without significant wholesale
organized markets demand response activity and relatively small existing programs, such as the West
South Central and Mountain Divisions, have lower BAU estimates.

Central air conditioning saturation plays a key role in determining the magnitude of AP and FP demand
response potential. Hotter regions with high central air conditioning saturations, such as the South
Atlantic, Mountain, East South Central, and West South Central Divisions could achieve greater average
per-customer impacts from DLC and dynamic pricing programs. As a result, these regions tend to have
larger overall potential under the AP and FP scenarios where dynamic pricing plays a more significant
role than in the EBAU scenario.

Demand response potential in the EBAU scenario is driven partly by the customer mix in a given region.
Specifically, regions with a higher share of load in the Large commercial and industrial sector will tend to
have larger potential under this scenario. By definition, the EBAU scenario focuses on programs, such as
interruptible tariffs and Other DR, that are geared toward these customers. Large commercial and
industrial customers participating in these programs tend to produce large peak reductions, so regions
with more load in the commercial and industrial class have higher potential. This potential will partly be
determined by the average per-customer impacts that have been reported for these programs in each state.
Those states reporting very high impacts will demonstrate the most potential.

The cost-effectiveness of enabling technologies also plays a role in driving regional differences in
demand response potential. Due to lower per-customer air conditioning loads in the Pacific, New
England, and Middle Atlantic Divisions, the benefits of the incremental peak reductions from enabling
technologies do not outweigh the cost of the devices, and several states in these regions do not pass the
cost-effectiveness screen.” As a result, in these states the impacts from dynamic pricing are only a
function of manual customer response and are lower than in states where customers would be equipped
with the technologies. This also applies to the cost-effectiveness of DLC programs, although these
programs are found to be cost-effective for customer classes in most states.

It is interesting to quantify the “demand response gap” between the BAU scenario and the FP scenario.
This gap represents the difference between what the region is achieving today and what it could achieve if
all cost-effective demand response options were deployed. It is not necessarily the regions with the
highest FP potential that have the largest demand response gap. Generally, regions in the western and
northeastern U.S. tend to be the closest to achieving the full potential for demand response, with the
Pacific, Middle Atlantic, and New England regions all having demand response gaps less than or equal to
12 percent. Other regions are significantly farther from achieving the full potential for demand response,
falling short of FP potential by as much as 20 percent of peak demand.

State-level Results

At the most granular level, demand response potential was estimated for each of the fifty states and the
District of Columbia. Across the states, there is significant variation in both existing demand response
impacts and in the potential for new demand response. This variation can be seen in a comparison of the
distribution of impacts across the states for the four scenarios, as provided in Figure 6.

% For more information on the cost-effectiveness analysis, see Chapter V and Appendix D.
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Figure 6: Comparison of Demand Response Impact Distribution across States

There is the least variation in impacts in the BAU scenario. In this scenario, demand response reductions
are generally clustered between zero and five percent, with half of the state reductions being three percent
or less. There are a few states that have reported the ability to achieve peak reductions greater than or
equal to 10 percent today. These states are generally in the New England and Middle Atlantic regions
and are reporting significant demand response enrollment by large commercial and industrial customers
in wholesale demand response programs. The presence of strong wholesale programs plays a very
significant role in the amount of existing demand response potential.

State-level impacts in the EBAU demand response scenario increase significantly relative to the BAU
scenario. In Figure 6, this is shown by the rightward shift of the green bars along the horizontal axis
relative to the red bars. In this scenario, the median demand response reduction is nine percent, while the
range of the potential impacts is between two and 18 percent.

The AP impacts further shift to the right, with a median impact of 14 percent and a range of impacts from
five percent up to 23 percent. The FP potential presents the widest distribution of potential impacts,
ranging from seven percent to 31 percent and a median of 17 percent. This widening of the distribution
across the scenarios is attributable to the increasingly important role of state-specific end-use
characteristics such as central air conditioning saturation. To fully interpret the state-level impacts, it is
necessary to consider some case studies in more detail. These are presented in the following section.

State Case Studies

To illustrate the details of the demand response potential estimations at the state level, it is helpful to walk
through case studies of a few states that are distinctly different from each other yet generally
representative of a larger group of states. Three such states have been selected: Georgia, Connecticut,
and Washington. Georgia has existing demand response and some AMI in place and is not a member of
an ISO/RTO while Connecticut has a significant amount of existing demand response, particularly in
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ISO/RTO programs. Washington, on the other hand, has essentially no existing demand response. It is a
region that historically has had a large amount of hydropower capacity and as a result has been energy
constrained but not capacity constrained.” Washington also has low central air conditioning saturation,
limiting the potential for future growth in demand response in this analysis.

Case Study #1: Georgia

Today, Georgia’s level of demand response is similar to the national average. The majority of peak
impacts come from one of the nation’s largest real-time pricing programs for Large commercial and
industrial customers, as well as an interruptible tariff. Some additional impacts come from Residential
and Small commercial and industrial DLC programs. In total Georgia is achieving a peak demand
reduction of roughly 1.2 GW, or about 3.4 percent of the projected 2019 peak demand for Georgia of 34.7
GW.

In the EBAU scenario (Figure 7), participation in existing programs increases and new, primarily non-
pricing programs are added. Significant growth takes place in the residential DLC program due to
Georgia’s high central air conditioning saturation rate of 82 percent. Medium and Large commercial and
industrial customers are assumed to participate in a new capacity/demand bidding type of program (Other
DR)* and a small amount of peak reduction could come from Small commercial and industrial DLC as
well. Participation in these programs is assumed to achieve “best practices” levels that are the 75th
percentile of participation rates in existing programs.

Pricing impacts remain significant in the existing Large commercial and industrial program, but under the
EBAU scenario assumptions of a mild, voluntary rate offering, they do not play a significant role for the
other customer classes. Relative to the BAU scenario, total impacts grow from 1.2 GW to 4.2 GW, or
from 3.4 percent of peak demand to 12 percent.

Figure 7: Georgia BAU and EBAU Peak Demand Reduction in 2019
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* In other words, hydropower resources can be ramped up to meet peak demands for a few hours but there are seasonal limits on
energy production.

Outside of RTO markets, capacity payments could be set at avoided capacity cost levels or could be negotiated on a case-by
case basis with demand response providers.

36
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Georgia’s high residential central air conditioning saturation means that average per-customer impacts
from dynamic pricing will be significant. As a result, in the AP scenario (Figure 8) impacts for the
residential class increase under the assumption that dynamic pricing is offered as the default (opt-out) rate
for all customers and 75 percent of the customers remain on the rate. A fraction of these customers (60
percent of those with central air conditioning) accept enabling technology — customers who, under the
EBAU scenario and in the absence of the availability of enabling technology might have chosen to enroll
in the DLC program. Additionally, of the customers who do not enroll in dynamic pricing, some are
assumed to instead enroll in the DLC program. Based on a high-level assessment of the cost effectiveness
of these programs, both were found to be economic for all customer classes in the state under the EBAU
scenario.

Interestingly, total impacts for the Large commercial and industrial class decrease in the AP scenario.
The reason for this is that some customers who would have enrolled in Other DR programs under the
EBAU scenario are instead assumed to have enrolled in dynamic pricing. The average per-customer peak
reductions in Other DR programs (40 percent reduction) are higher than those of dynamic pricing (seven
percent without enabling technology, 14 percent with enabling technology) and, as a result, the Large
commercial and industrial potential drops in the AP scenario.”™ While this defining assumption of the AP
scenario results in small impacts for the Large commercial and industrial class relative to the EBAU
scenario, demand response potential for the entire state is higher. In total, the AP scenario potential
system peak impacts increase to 6.4 GW, or 18 percent of peak demand.

Figure 8: Georgia BAU, EBAU, and AP Peak Demand Reduction in 2019
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By definition, impacts are largest for the FP scenario (Figure 9). All customers are enrolled in dynamic
pricing, with enabling technology being accepted by all customers. Customers currently enrolled in DLC
are assumed to remain in that program. Total Large commercial and industrial impacts drop relative to

%" Details on the cost effectiveness assessment are provided in Chapter V and Appendix D.

% 1t should be noted that the per-customer impacts from Other DR programs are based on the average of reported per-customer
impacts in the 2008 FERC Demand Response survey. It is possible that impacts of this magnitude would not be achieved on a
regular basis in practice and this is a topic that should be examined further.
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the AP scenario, as the remaining participants in the Other DR programs are assumed to participate in
dynamic pricing with enabling technology. However, on a system basis the total impacts increase to 8.5
GW, or 25 percent of peak demand in 2019. This is the total amount of cost-effective demand response
potential in the state under the assumptions of this scenario. For more information on Georgia, see
Appendix A.

Figure 9: Georgia Potential Peak Demand Reduction in All Scenarios, 2019
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Case Study #2: Connecticut

Relative to Georgia, Connecticut is currently achieving significantly greater peak reductions from demand
response on a percentage basis. In fact, Connecticut has one of the largest BAU demand response
estimates of this Assessment. Where Georgia was achieving a 3.4 percent reduction, Connecticut is
anticipating nearly a 13 percent reduction by 2019 in the BAU case. Much of this is due to large impacts
being reported through participation in the ISO New England Forward Capacity Market. For the purposes
of this Assessment, those impacts have been reported in the Other DR program category for Large
commercial and industrial customers. Utility demand bidding programs in Connecticut are included in
this category as well. The Other DR category represents nearly the entirety of the BAU peak reduction
potential of 1,369 MW, or 16 percent of peak demand.

The EBAU scenario (Figure 10) assumes that programs will be put in place for other customer classes as
well. DLC programs would increase demand response potential, although the low central air conditioning
load in the residential class means that the impacts are not as significant as were seen in Georgia. Some
additional Large commercial and industrial customers are assumed to participate in an interruptible tariff,
but participation in Other DR does not increase as it is already beyond the 75" percentile of existing
programs. (This study caps participation at the 75" percentile, unless participation in a program already
exceeds that). Therefore, the total impact increases relative to the BAU scenario, but not to the degree
that was seen in Georgia. Peak reduction potential increases from 1,369 MW to 1,798 MW or from 16
percent of peak demand to 21 percent.
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Figure 10: Connecticut BAU and EBAU Peak Demand Reductions in 2019
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Inclusion of default dynamic pricing in the AP scenario (Figure 11) increases overall demand response
potential, but the incremental increase again is significantly smaller compared to Georgia. In the
residential sector, this is driven by the low central air conditioning saturation rate. For Large commercial
and industrial customers, existing participation in Other DR programs persists in the AP scenario impacts.
The customers currently enrolled in Other DR programs are assumed to remain on those programs rather
than enrolling in dynamic pricing. As a result, impacts from dynamic pricing are small but total impacts
for the class remain large. The small potential impacts from dynamic pricing are further amplified by the
fact that enabling technologies were not found to be cost-effective for Small and Large commercial and
industrial customers in Connecticut, and therefore were assumed not to be available to customers in these
classes. The end result is an increase in total demand response potential to 2181 MW, or 26 percent of
peak demand in 2019.
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Figure 11: Connecticut BAU, EBAU, and AP Peak Reductions in 2019
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Mandatory dynamic pricing further increases demand response potential in the FP scenario (Figure 12).
This is coupled with a higher assumed acceptance rate for enabling technologies across the customer
classes, and total demand response potential increases to 2,458 MW, or 29 percent of peak demand. The
fairly small incremental increase relative to the AP scenario is partly attributable to enabling technologies
not being cost effective for Small and Large commercial and industrial customers.

Relative to Georgia, the total potential for demand response is higher in Connecticut across the scenarios.
While most categories of demand response programs actually have a lower potential in Connecticut, the
presence of an ISO program that is reporting very large impacts makes for a higher overall potential
estimate. It is also interesting to note that the incremental increase in demand response potential relative
to the BAU scenario is smaller in Connecticut due to the large amount of existing demand response in the
state. One interpretation of this finding is that Connecticut is currently achieving more of its potential. In
other words, the “gap” between today’s impacts and the total amount that could be achieved is smaller. A
side-by-side comparison of all four scenarios is presented in Figure 12.
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Figure 12: Connecticut Potential Peak Demand Reduction in All Scenarios, 2019

1,800
< 1,600 -
\%1,4007
c 1,200 -
=
*g 1,000 -
5 800 -
(O]
@ 600 -
® 400 -
x 200 -
0 T T T N-Y N.N T T
8 T E & 8 T E & 8 T E 8 8 T E 8
2 £ 2 8 2 £ 32 § 2 £ 2 § 2 £ 2 §
(O] (O] O] O]
4 4 04 04
BAU Expanded Achievable Full
BAU Participation Participation

\l Pricing w/Tech O Pricing w/o Tech BDLC Olnterruptible Tariffs B Other DR

Case Study #3: Washington

In contrast to both Georgia and Connecticut, no impacts from existing demand response programs were
identified in the 2008 FERC survey for the state of Washington. This is generally a reflection of the state
of demand response in the Pacific Northwest. Historically, low energy prices and a surplus of hydro
capacity have made demand response seemingly less attractive in this region. However, as peak demand
continues to grow and constraints on the operation of hydro facilities become more restrictive™, utilities
in the region are beginning to take a more serious look at demand response as a resource option. "

For Washington, the EBAU scenario (Figure 13) represents the addition of an entirely new portfolio of
non-pricing demand response programs which are assumed to reach “best practices” levels for the U.S.
Dynamic pricing is included on a voluntary opt-in basis. Impacts are spread somewhat evenly across
DLC and interruptible tariffs, with the largest impacts coming from Other DR programs. Total demand
response potential for the scenario is 864 MW, or four percent of peak demand.

* Environmental constraints related to wildlife preservation have become more stringent.

“ For example, Bonneville Power Administration, the wholesale provider of electricity for the region, has recently begun to explore
opportunities to partner with its retail electric utility customers to integrate demand response into its portfolio of resource
options. Source: http://www.bpa.gov/Energy/N/utilities Sharing EE/Utility Brown Bag/pdf/120408DR_BrownBag.pdf
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Figure 13: Washington BAU and EBAU Peak Demand Reduction in 2019
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In the AP scenario (Figure 14), the inclusion of default dynamic pricing results in significantly higher
demand response potential, particularly in the residential class. Acceptance of enabling technology
replaces some of the participation in DLC in the EBAU scenario. As in the Georgia analysis, the Large
commercial and industrial impacts are lower in the AP scenario than in the EBAU scenario. The
explanation is the same in that the per-customer impacts of the new Other DR programs are larger than
those of the dynamic pricing programs, and the total class potential drops in the AP scenario as a result.
The total system demand response potential, however, increases to 2 GW, or nine percent of peak
demand.
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Figure 14: Washington BAU, EBAU, and AP Peak Reduction in 2019
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Demand response potential under the FP scenario is dominated by dynamic pricing with enabling
technology. Impacts from interruptible tariffs are still reported for some Medium and Large commercial
and industrial customers, as customers simultaneously enrolled in these programs might be expected to
provide larger reductions from the interruptible tariff. The FP potential for Washington is 2.8 GW, or 12
percent of peak demand. This is lower than that of Georgia or Connecticut, due to the lack of existing
demand response and the state’s low saturation of central air conditioning. Results are provided in Figure
15.
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Figure 15: Washington Potential Peak Demand Reduction in All Scenarios, 2019
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Summary of State Impacts

The previous three case studies demonstrate that each state has unique characteristics that will make its
demand response potential different from that of other states. A comparison across these case studies has
identified some of the key drivers of demand response potential. This includes:

e Central air conditioning saturation: High central air conditioning market penetration leads to
larger demand response potential, because customers with central air conditioning are more
responsive to dynamic pricing. Additionally, higher central air conditioning saturation means that
a larger share of the population is eligible to participate in DLC programs. This is evident when
contrasting residential demand response potential in Georgia and Connecticut.

o Cost-effectiveness: If a program does not pass the economic screen for a given customer class,
then it will not be offered to those customers and demand response potential will be lower as a
result. This was illustrated in Connecticut, where enabling technologies were not cost effective
for Large commercial and industrial customers, and their dynamic pricing potential was low as a
result.

e Customer mix: States with a higher concentration of load in the Residential and large
commercial and industrial classes will often have higher demand response potential, as these
classes tend to provide the largest per-customer peak reductions. A higher than average share of
peak demand in these customer classes drives the relatively high demand response potential seen
in Georgia.

e Regional price elasticity: Customers in the western U.S. have been found to be more price
responsive than customers east of the Rocky Mountains. This drives regional differences in
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dynamic pricing potential. In Washington, customers on dynamic pricing would potentially be
more responsive to dynamic pricing (on a percentage basis) than customers in more humid states
in the east due to the lower loss of comfort that they would experience when reducing air
conditioning load on hot summer days. "

Existing program impacts: States that are reporting above-average per-customer impacts from
non-pricing programs will tend to have higher total demand response potential in those programs.
In other words, it is assumed that as participation in the existing programs increases, customers
will continue to provide large impacts. Further, a high participation rate in existing programs will
contribute to higher overall demand response potential. In particular, the ability of demand
response to participate in wholesale markets increases demand response potential, as seen in the
Connecticut case study.

AMI deployment: To the extent that dynamic pricing contributes to demand response potential in
the EBAU scenario, its impact is limited by the final market penetration rate of AMI under the
partial deployment scenario. The rate at which AMI is deployed over time affects the amount of
dynamic pricing under all scenarios.

Demand response potentials were estimated for all 50 states and the District of Columbia. Figures 16
through 19 illustrate the potential of the ten states with the highest potential in 2019 and the ten states
with the lowest 2019 potential (based on the AP scenario). On a gigawatt basis, California, Florida and
Texas predominate because they have the highest peak demands. Ranked by demand response potential
as a fraction of peak demand, Connecticut, Maryland and Maine are highest; each has substantial amounts
of existing demand response, Maine has an above-average share of peak demand in the Large commercial
and industrial customer class, and Maryland has a relatively large amount of residential central air
conditioning.” There is a significant amount of variation across the states, both in terms of demand
response potential and the amount of demand response that exists today. Complete state results appear in
Appendix A.

Peak Demand Reduction Potential
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Figure 16: Top Ten States by Achievable Potential in 2019 (GW)

“! This is based on a survey of recent dynamic pricing pilots. More detail is provided in Appendix D.
“2 Maryland is also assigned a high price elasticity based on results of Baltimore Gas & Electric Company’s dynamic pricing pilot.

More detail is provided in Appendix D.
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Figure 17: Top Ten States by Achievable Potential in 2019 (% of Peak Demand)
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Figure 18: Bottom Ten States by Achievable Potential in 2019 (GW)
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Figure 19: Bottom Ten States by Achievable Potential in 2019 (% of Peak Demand)

Benchmarking the Estimate for the Business-as-Usual Scenario

The estimate for the BAU scenario serves as the starting point for much of this analysis, so it must be
carefully validated through comparisons to other available data sources. Specifically, the 2008 BAU
estimate of 36.7 GW has been benchmarked against three recent estimates of existing demand response:

e 2008 FERC Assessment of Smart Metering and Demand Response (“2008 FERC Staff Report”);
e NERC 2008 Summer Reliability Assessment, and

e Data from the Energy Information Administration’s (EIA’s) Form-861 database. *

Figure 20 shows a comparison of the load reduction potential estimation for the BAU scenario with data
from the three other sources.

3 Table 9.2 ‘Demand Side Management Program Annual Effects by Program Category, 1996 through 2007’, which reports a
potential peak load reduction of 23.1 GW from load management programs offered by large utilities in 2007. This is based on
the EIA Form-861 reporting by utilities. http://www.eia.doe.gov/cneaf/electricity/epa/epaxlfile9 3.pdf
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Figure 20: Comparison of BAU Estimate to Other Data Sources (2008)
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Sources

The BAU scenario estimate in the present analysis is based on the 2008 FERC Demand Response Survey
Database which supports the staff report. The BAU potential estimate is lower than the 41 GW of
potential indicated in the Staff Report and excludes two categories of programs that were included in the
FERC analysis: ‘Time-Of-Use (TOU)’ rates and ‘Back-Up Generation’; and also excludes additional
state-specific adjustments (see Table 2). The reasons for excluding these three items from our BAU
estimation are as follows:

1. Time-Of-Use (TOU) rates: For the purposes of this analysis, it is recognized that TOU rates can lead
to significant reductions in peak demand. However, this generally happens through permanent load
shifting rather than through demand response with short response time. See the discussion in Chapter
II for more details on this exclusion.

2. Back-up generation: Programs that explicitly target back-up generation are not included in the BAU
estimation, as back-up generation is not considered to be a demand response option by itself. But,
back-up generation is included in cases where it is an underlying option in a general demand response
program.

3. State-specific adjustments: An additional adjustment was made for an outlier program that is likely
to have dramatically overstated impacts.*

“ In the 2008 FERC survey database, a Minnesota utility, Great River Energy, reported a load reduction potential of around 50% of
the total potential for the state. However, the EIA Form-861 database indicates that the summer peak load contribution from
this utility was 13% of the total summer peak load for the state. We therefore adjusted the load reduction potential reported by
this utility in the FERC survey database to represent approximately 13% of the total load reduction potential for the entire state.
This led to a reduction of 1.9 GW of potential for the State of Minnesota (ltem 3 in Table 2). This observation was confirmed
through a review of Electric Power Research Institute, “Energy Efficiency Potential Assessment for Great River Energy.” EPRI
Technical Report 100891, July 2003.
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Table 2. Explanation of Difference between FERC Staff Report and BAU Estimate
Potential load reduction
(GW)

2008 FERC Staff Report 41
1. TOU impacts -1.7
2. Backup generation -0.7
3. State-specific utility adjustment -1.9

BAU Estimate =36.7

The BAU scenario estimate is higher (by around 8 GW) than the amount of existing demand response
provided in the 2008 NERC Summer Reliability Assessment report.” This discrepancy is most likely due
to the fact that NERC’s assessment is primarily focused on ISO/RTO estimates for demand response
resource participation, while the BAU estimation based on FERC survey data was developed through a
bottom-up estimation approach through aggregated utility reporting on demand response programs.

Lastly, the BAU scenario estimate is also substantially higher than the EIA estimate (by roughly 14 GW).
This difference can be explained by the fact that the EIA estimate only includes data reported by large
utilities, which leads to the estimation of a lower level of load reduction potential.

*In its subsequent 2009 Summer Reliability Assessment Report (May 2009) NERC reports the demand response potential for
summer 2009 peak load reduction to be about 33 GW. This study estimates the BAU load reduction potential in 2009 to be
36.8 GW, higher by almost 3.8 GW than NERC's 2009 report.
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OPPORTUNITIES

This report estimates the potential for demand response in the United States at the national, regional, and
state levels using four different definitions of potential. The four concepts of potential have been
estimated for five program types across four customer classes. It relies on readily available information
and data. As such, ideas and concepts that could not be quantified were excluded. This chapter briefly
addresses some of these non-quantifiable aspects of demand response and suggests the role they may play
in the future.

A wave of new technologies is emerging that falls under the broad rubric of the smart grid. At this point,
these technologies are too new for their likely market penetration or impact per participating customer to
be determined. These include advanced, grid-friendly appliances which communicate with each other
and whose operation can be managed remotely or locally by households through a digital home energy
management system. Early versions of these technologies have been shown to be very promising but also
very expensive in the California statewide pricing pilot and the Olympic Peninsula pilot. It is important
to keep an eye on the continued development, testing and consumer acceptance of these technologies.

Increasingly sophisticated in-home displays are being introduced that have the potential to reduce overall
energy consumption. Future versions will be able to estimate how much of the bill was spent on the
major end-uses, giving customers essential information to prioritizing their energy use during expensive
times. These devices have the potential for lowering customer peak demands, thereby contributing
indirectly to demand response. Some of these devices can work with time-of-use rates and future variants
will probably be able to work with dynamic pricing rates.

In a similar vein, new pricing designs continue to be developed that can enhance the appeal of dynamic
pricing to large numbers of customers by tailoring the risk-reward trade-off inherent in such rates to the
preferences of individual customers. For example, various types of real-time pricing products are under
consideration featuring either a two-part structure in which customer-specific baseline usage is priced at
the existing rate and only usage that deviates from the baseline is priced through real-time rates. Other
products are being introduced where customers buy a price-cap to insulate all their usage from excessive
levels of price volatility. Other examples include variable peak pricing rates under which prices on
critical days are not pre-specified but based on real-time costs in wholesale markets and dynamic pricing
rates where, for a fee, customers can over-ride the price signal on certain days that are important to their
business.

Today, codes and standards instituted by federal and in many cases state agencies affect energy used by
appliances and by buildings. They are not designed to affect peak demand. However, that could change
if agencies began to set standards for demand response. For example, the California Energy Commission
is considering “load management” standards that may require all new Residential and Small commercial
and industrial buildings to come equipped with programmable communicating thermostats.

Another trend that is beginning to be observed in states with large energy efficiency and demand response
programs is the desire to integrate these two program offerings. The idea is that ultimately both involve
the same customer and often the same end-uses. To promote faster adoption of both programs, the value
proposition has to be conveyed clearly to customers and the actions required of them have to be
streamlined. The combined effect of integrated programs on demand response could be significant.
Future assessments should address this.

Distributed energy resources, such as photovoltaic arrays mounted on roof tops, hold the potential for
having a significant effect on peak demand. Currently, their high capital cost poses a barrier to rapid
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market penetration. However, federal and state policies are addressing the cost barrier. As economies of
scale increase, the cost should go down. When combined with appropriate rate designs, such as time-off
use rates, the impact of these dispersed resources on peak loads could be significant. Other examples
include battery storage and thermal energy storage. Both items hold the potential to significantly reduce
peak demand on a permanent basis by shifting it to off-peak periods. As in the case of photovoltaic
arrays, cost is a significant barrier to their rapid market penetration today. Another example is behind[?
the-meter generation which includes a diverse set of technologies including small conventional generation
units that are used as back-up generation during emergencies and cogeneration systems that combine heat
and power, largely in industrial process applications.

Finally, another development to watch is the introduction of plug-in hybrid vehicles (PHEVs). If PHEVs
can be charged during off-peak hours, they can improve capacity utilization in the power system and
lower costs for all customers. However, if they are charged during peak hours, the load factor will
worsen. The penetration of PHEVs will depend on several unknowns, including the price of gasoline, the
price of electricity, customer driving habits and the incremental cost of PHEVs over conventional
gasoline-power vehicles based on the internal combustion engine.

Time-of-use (TOU) rates are not considered a form of demand response in this report because they cannot
be used to produce reductions in peak demand during critical periods. However, they do represent a way
of reducing peak demand over the long-run and reducing the need for peaking generation units. While
TOU rates have been in existance for a long time, their penetration of the market, especially for
Residential and Small commercial and industrial customers, has been limited. There are two major
limitations. The first one is that the peak period encompasses far too many hours to allow customers an
opportunity to curtail usage during that period or to move it to off-peak periods. The second one is that
the price differential between the peak and off-peak periods is not big enough to create significant savings
opportunities. Both are being addressed in the TOU rate designs that are now being introduced by several
utilities. Of particular interest is the idea of a super peak period which may be as narrow as three hours
and which may be applied only during the two or three months of the summer where the system is likely
to peak.

Another set of influences that will shape the future of demand response are utility and ISO/RTO
administered energy efficiency programs. Many of these programs target end-uses such as central air
conditioning which are a major driver of system peaks. As these appliances become more efficient, peak
loads may diminish, albeit not by the same percentage amount as overall energy consumption. Similar
comments can be made about inclining block rates which charge higher rates for usage in the upper tiers.
Since that usage is highly correlated with the operation of peak-inducing appliances, reductions in upper
tier usage brought about by inclining block rates can also lower peak demands.

Technology-enabled demand response programs can be activated on short notice and have the capability
of providing ancillary services in restructured wholesale markets. There is insufficient evidence on
whether demand response is being actively used in this fashion in ancillary service markets. Experience
t