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Preface

The Public Interest Energy Research (PIER) Program supports public interest energy research
and development that will help improve the quality of life in California by bringing
environmentally safe, affordable, and reliable energy services and products to the marketplace.

The PIER Program, managed by the California Energy Commission (Energy Commission),
conducts public interest research, development, and demonstration (RD&D) projects to benefit
California.

The PIER Program strives to conduct the most promising public interest energy research by
partnering with RD&D entities, including individuals, businesses, utilities, and public or private
research institutions.

PIER funding efforts are focused on the following RD&D program areas:

Buildings End ['Use Energy Efficiency

Energy Innovations Small Grants

Energy/Related Environmental Research

Energy Systems Integration

Environmentally Preferred Advanced Generation
Industrial / Agricultural/Water End [ Use Energy Efficiency
Renewable Energy Technologies

Transportation

The Demand Response Spinning Reserve Demonstration is an interim report for the Demand
Response as a Reliability Resource project (contract number 500-05-001) conducted by
Lawrence Berkeley National Laboratory. The information from this project contributes to
PIER’s Energy Systems Integration Program.

For more information about the PIER Program, please visit the Energy Commission’s website at
WWWw.energy.ca.ecov/ pier or contact the Energy Commission at 91611654 15164.
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Abstract

The Demand Response Spinning Reserve project demonstrates how using existing utility load-
management assets can provide an important electricity system reliability resource known as
spinning reserve. Providing spinning reserve with aggregated demand-side resources such as
those illustrated in this report will give grid operators at California Independent System
Operator (ISO) and Southern California Edison (SCE) a powerful new tool to improve system
reliability, prevent rolling blackouts, and lower system operating costs.

The work completed to date to demonstrates how the use of demand response as spinning
reserve has produced important programmatic and technical insights, including:

* Target-marketing a utility’s air-conditioning load-cycling program to customers served
by a single distribution feeder can be a successful strategy.

* Repeated curtailment of these customers’ air-conditioning in a manner similar to the
deployment of spinning reserve can be accomplished without a single customer complaint.

* Real-time visibility of load curtailments can be achieved through an open data platform
and secure website.

* Analysis methods developed for this project could one day be used to predict
magnitude of load curtailments as a function of weather and time of day.

* Load curtailments can be fully implemented much faster than ramping up of spinning
reserve from thermal generation.

Keywords: Demand response, demand side resources, spinning reserve, ancillary services, load
management, air conditioner cycling, AC load control, summer discount plan
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Executive Summary

The Demand Response Spinning Reserve project is a pioneering demonstration of how existing
utility load-management assets can provide an important electricity system reliability resource
known as “spinning reserve.” Using aggregated demand-side resources to provide spinning
reserve will give grid operators at the California Independent System Operator (ISO) and
Southern California Edison (SCE) a powerful, new tool to improve system reliability, prevent
rolling blackouts, and lower system operating costs.

Employing spinning reserve is an electricity system operator’s first strategy for maintaining
reliability following a major contingency, such as the unplanned loss of a large generation
facility or critical transmission line. Operators protect system reliability by ensuring a
continuous match between electricity generation and electricity consumption and by maintaining
extra generating resources to respond to contingencies; these resources are known as spinning
reserve. Spinning reserve is the most important contingency reserve because the generators that
provide it are already running (“spinning”) synchronized to the grid and can therefore respond
immediately, either manually or automatically, to changes in system frequency. When spinning
reserve is called into active service, the generator must ramp up output immediately and meet
its full spinning reserve obligation within 10 minutes. The California ISO procures spinning
reserves through competitive bids offered on its day-ahead and hour-ahead markets.

Using demand-side resources to provide spinning reserve would increase the total contingency
reserve available to a system operator and might thus prevent situations in which operators
might otherwise run short of generator-provided spinning reserve and have to call for rolling
blackouts. The contingencies that trigger the need to call on spinning reserve occur infrequently
(typically once or twice a month though sometimes more or less often). However, because
triggering contingencies are unpredictable, the system operator must have predetermined
amounts of spinning (and other contingency) reserve available continuously. Ensuring that these
reserves are available at all times is so important that rolling blackouts (that is, the controlled
curtailment of the loads of predefined geographic blocks of customers) are mandatory when
these reserves run short. Intentionally curtailing customer loads may seem contradictory in this
situation. However, by intentionally curtailing some customers’ loads, operators ensure that the
limited contingency reserve that is available remains adequate to ensure the reliability of the
entire grid for the benefit of all customers.

This project will demonstrate that spinning reserves can be provided using demand-side
resources in a manner that is comparable to the current provision of spinning reserves using
supply-side (i.e., generation) resources. The research team seeks to demonstrate that it is both
technologically feasible to provide spinning reserve using demand-side resources and that it
may be preferable to do so because of inherent advantages of demand-side resources. These
advantages include: 1) near-instantaneous response (compared to the 10 minutes allowed for
full response from generators); and 2) responses that can be targeted geographically anywhere
electricity is consumed within a utility’s service territory (rather than responses that are
restricted to the fixed location of the handful of generators that are contracted to provide
contingency reserve services). These advantages are especially attractive because the
curtailments required may not even be noticed by customers and reduce the likelihood that more
dramatic curtailments, which customers do notice, will be needed.

In conducting the demonstration, the research team is beginning to address three critical
institutional issues that hinder provision of spinning reserve with demand-side resources:

* First, current Western Electric Coordinating Council (WECC) reliability rules preclude
provision of spinning reserve from demand-side resources. Although these rules were
not written to intentionally exclude demand-side resources, they consider only supply-
side resources because no one had previously considered using demand-side resources
for this purpose.



* Second, as a result of the WECC rules, system operators do not have experience with
relying on demand-side resources for spinning reserve. In addition to a change in the
rules, operators must develop confidence that providing spinning reserve from demand-
side resources will be as reliable and effective as providing this service from generators.

* Third, market rules related to aggregation, metering, load verification, and settlement
must be reviewed and, where appropriate, modified so that aggregated demand-side
resources can participate in California ISO’s wholesale markets where spinning reserves
are competitively procured.

* Finally, through the choice of technologies employed in this demonstration (SCE’s 25+
year-old air-conditioning load-cycling program), this project also shows how a
traditional utility load-management asset can be repositioned as a competitive asset
whose value is established by wholesale markets for reliability services.” Thus, the
project demonstrates the potential that assets that have long been paid for by utility
ratepayers can provide even greater value if the utility uses them to both improve
reliability and lower the cost of securing reliability services. In this case, this would be
accomplished as the utility either meets its own spinning reserve requirement or sells
spinning reserve service directly to the competitive markets in which California ISO
procures spinning reserve.

The work completed to date in this project has produced important programmatic and
technical insights, including:

Target-marketing a utility’s air-conditioning load-cycling program to customers served by a
single distribution feeder can be a successful strategy. SCE successfully recruited a high
proportion (nearly one-third) of eligible customers to participate in the demonstration. This is a
dramatic increase in participation from the typical 1 to 2 percent response rate that SCE
obtains from its traditional mass-marketing approach for the load-cycling program. For this
demonstration, the mass-marketing technique was augmented with direct phone and door-to-
door solicitations, endorsements from city officials, and marketing at community-based events.
In the future, SCE can refine and use these targeted marketing approaches to capture additional
location-specific benefits from customer demand-response programs.

Repeated curtailment of customers” air-conditioning in a manner similar to the deployment
of spinning reserve can be accomplished without customer complaint. SCE curtailed the
participating customers’ air-conditioning units 37 times during the final portion of Southern
California’s cooling season for durations lasting from five to nearly 20 minutes. This is in
contrast to “normal” curtailments for residential customers participating in the Summer
Discount Plan, which are triggered by California ISO-declared Stage Two emergencies or local
SCE transmission emergencies and can last one to four hours. After each normal curtailment
event, SCE typically receives hundreds of requests by customers seeking to withdraw from the
program. However, SCE received no complaints from the spinning reserve demonstration
curtailments.

Real-time visibility of load curtailments can be achieved using an open platform and secure
website. The project team demonstrated a highly flexible, open yet secure data integration,
archival, and presentation platform that allowed external audiences (for example, electricity
grid operators) to view curtailments in real time. The team maintains that viewing the aggregate
behavior of the controlled loads on this feeder can be directly compared to viewing the

1. Many other demand-side technologies could provide spinning reserve in a manner comparable to that
demonstrated in this project. These technologies include, in principle, other utility load-management
assets as well as newer demand-response technologies, such as programmable communicating
thermostats.



performance of generators, which are routinely equipped with comparable telemetry. In the
future, reliance on flexible, open platforms, such as the one demonstrated in this project, will
lower the costs associated with ensuring that operators have real-time information about
aggregated loads and with verifying the performance of these programs in real time.

Analysis methods developed for this project could one day be used to predict the
magnitude of load curtailments as a function of weather and time of day. The project team
developed statistical methods to estimate the load that would have been experienced without a
curtailment and means for comparing this estimated load to actual loads observed during
curtailments. The team also conducted exploratory analyses that confirmed a relationship
among the magnitude of the load curtailment, ambient weather conditions, and, to a lesser but
still important extent, time of day. The methods are all based on after-the-fact review of
distribution feeder loads. Ultimately, it should be feasible to predict the magnitude of a load
curtailment as a function of time of day and expected weather conditions. Additional
curtailments under a wider range of weather conditions along with more information on the
behavior of individual units will be required for this analysis.

Load curtailments can be fully implemented much faster than ramp-up of spinning reserve
from thermal generation. The project team measured full load response in less than 20
seconds and identified technical opportunities to further increase response speed. This
response is an order of magnitude faster than the spinning reserve response provided by
thermal generators, which are allowed up to 10 minutes to provide full output. Moreover, the
data collected suggest that it is technically feasible to further reduce the latencies associated
with each step in the curtailment process and thus achieve full response nearly instantaneously.
A separate California Energy Commission Public Interest Energy Research (PIER) project is
beginning to examine the additional value to California ISO of faster responding spinning
reserve resources such as these.

The use of aggregated demand-side resources to provide spinning reserve is a powerful, new
tool that California can use to improve system reliability, prevent rolling blackouts, and lower
system operating costs. This research is an important first step toward realization of these
goals.



1. Introduction

The Demand Response Spinning Reserve project is a pioneering demonstration of how existing
utility load-management assets can provide an important electricity system reliability resource
known as spinning reserve. Using aggregated demand-side resources to provide spinning
reserve will give grid operators at the California Independent System Operator (ISO) and
Southern California Edison (SCE) a powerful, new tool to improve system reliability, prevent
rolling blackouts, and lower system operating costs.

Employing spinning reserve is an electricity system operator’s first strategy for maintaining
reliability following a major contingency, such as the unplanned loss of a large generation
facility or critical transmission line. Operators protect system reliability by ensuring a
continuous match between electricity generation and electricity consumption and by maintaining
extra generating resources to respond to contingencies; these resources are known as spinning
reserve. Spinning reserve is the most important contingency reserve because the generators that
provide it are already running (“spinning”) synchronized to the grid and can therefore respond
immediately — either manually to a system operator’s request or automatically — to changes in
system frequency. When spinning reserve is called into active service, the generator must ramp
up output immediately and meet its full spinning reserve obligation within 10 minutes. The
California ISO procures spinning reserves through competitive bids offered in its day-ahead and
hour-ahead markets.

Using demand-side resources to provide spinning reserve would increase the total contingency
reserve available to a system operator and might thus prevent situations in which operators
would otherwise run short of generator-provided spinning reserve and have to call for rolling
blackouts. The contingencies that trigger the need to call on spinning reserve occur infrequently
(typically once or twice a month, sometimes more or less often). However, because triggering
contingencies are unpredictable, the system operator must have pre-determined amounts of
spinning (and other contingency) reserve available continuously. Ensuring that these reserves
are available at all times is so important that rolling blackouts (i.e., the controlled curtailment of
the loads of pre-defined geographic blocks of customers) are mandatory when system operators
run short of these reserves. Intentionally curtailing customer loads may seem contradictory in
this situation. However, by intentionally curtailing some customers’ loads, operators ensure
that the limited contingency reserve that is available remains adequate to ensure the reliability
of the entire grid for the benefit of all customers.

The objective of this project is to demonstrate that spinning reserve can be provided using
demand-side resources in a manner that is comparable to the current provision of spinning
reserve using supply-side (i.e., generation) resources. The project demonstrates that it is both
technologically feasible to provide spinning reserve using demand-side resources and that it
may be preferable to do so because of inherent advantages of demand-side resources. These
advantages include: 1) near-instantaneous response (compared to the 10 minutes allowed for
full response from generators), and 2) responses that can be targeted geographically anywhere
electricity is consumed within a utility’s service territory (rather than responses that are
restricted to the fixed location of the handful of generators that are contracted to provide
contingency reserve services). These advantages are especially attractive because the
curtailments required may not even be noticed by customers and reduce the likelihood that more
dramatic curtailments, which customers do notice, will be needed.

In conducting the demonstration, the research team begins to address three critical institutional
issues that currently hinder provision of spinning reserve with demand-side resources: First and
foremost, current Western Electric Coordinating Council (WECC) reliability rules preclude
provision of spinning reserve from demand-side resources. Although these rules were not
written to intentionally exclude demand-side resources, they consider only supply-side
resources because no one had previously considered using demand-side resources for this
purpose. Second, as a result of WECC rules, system operators do not have experience with
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relying on demand-side resources for spinning reserve. In addition to a change in the rules,
operators must develop confidence that providing spinning reserve from demand-side resources
will be as reliable and effective as providing this service from generators. Third, market rules
related to aggregation, metering, load verification, and settlement must be reviewed and, where
appropriate, modified so that aggregated demand-side resources can participate in California
ISO’s wholesale markets where spinning reserves are competitively procured.

Finally, through the choice of technologies employed in this demonstration (SCE’s 25+ year-old
air-conditioning load-cycling program), the project also shows how a traditional utility load-
management asset can be repositioned as a competitive asset whose value is established by
wholesale markets for reliability services.” In doing so, the project illustrates the potential for
assets that have long been paid for by utility ratepayers to provide even greater value when
used by the utility to both improve reliability and lower the cost of securing reliability services.
This would be accomplished as the utility either meets its own spinning reserve requirement or
sells spinning reserve service directly to the competitive markets in which California ISO
procures spinning reserve.

This demonstration was designed to enable side-by-side comparison of the performance of
demand-side and supply-side resources in providing spinning reserve service.

For the demonstration, the project target-marketed SCE’s air-conditioning load-cycling program,
called the Summer Discount Plan, to customers on a single SCE distribution feeder and
developed an external website with real-time telemetry for the aggregated loads on this feeder.
The research team postulates that the aggregate behavior of the controlled loads on this feeder
can be directly compared to the performance of generators, which are typically equipped with
comparable telemetry.

During the demonstration, the researchers conducted a large number of remotely controlled,
short-duration curtailments (lasting approximately five to nearly 20 minutes each) of the air-
conditioning units of participating customers on this feeder. These curtailments were similar in
duration to California ISO’s historic deployments of spinning reserves.

To characterize the magnitude and predictability of the load response elicited during the
demonstration, the research team used data recorded before, during, and after each curtailment.
The team augmented those data with high-time resolution metering information taken directly
from a small number of individual air-conditioning units equipped with enhanced devices.
These additional data supported detailed analysis of the timing latencies in SCE’s air-
conditioning load-cycling communication and control system and of the behavior of individual
air-conditioning units.

The research team conducted this demonstration with explicit guidance from utility and
regulatory staff. The team reviewed the demonstration plan with: operations staff from
California ISO, utility participants on key WECC committees who would be involved in
reviewing any proposal to change reliability rules to allow demand-side resources to provide
spinning reserve service, representatives from California utilities involved in demand-response
activities and grid operations, and staff from both the California Public Utilities Commission
(CPUC) and the Energy Commission.

This report summarizes the first two years” accomplishments and findings from the Demand
Response Spinning Reserve project. Following this introductory section, the remainder of the
report is organized as follows:

2. Many other demand-side technologies could provide spinning reserve in a manner comparable to
what we demonstrated in this project. These technologies include, in principle, other utility load-
management assets as well as newer demand-response technologies, such as programmable
communicating thermostats.



Section 2 describes the rationale for providing system reliability resources, specifically spinning
reserve, with demand-side resources.

Section 3 reviews the concerns expressed by the California ISO and others regarding the use of
demand-side resources for provision of system reliability services and discuss how these
viewpoints have been taken into consideration in designing and conducting this demonstration.

Section 4 describes the characteristics of the customers and aggregate loads in the geographic
region targeted by this demonstration.

Section 5 describes SCE’s air-conditioning load-cycling program, the Summer Discount Plan,
the program enhancements that were made to conduct the demonstration, and the impact of
delays in regulatory approval for these enhancements, which hampered recruitment of
customers for the demonstration.

Section 6 describes the communication and control infrastructure that supports the Summer
Discount Plan program and the modifications made in order to conduct the demonstration.

Section 7 describes the data integration, archiving, and presentation framework that was
developed to provide, among other things, real-time telemetry on the feeder load in a manner
comparable to that currently provided by large generators.

Section 8 describes the test curtailments that were conducted during the summer and fall of
2006.

Section 9 describes the findings from the test curtailments in 2006.
Section 10 summarizes the accomplishments and findings from the work completed in 2006.

Appendix A is a technical review and assessment of the data integration, archiving, and
presentation platform.



2. The Rationale for Providing Spinning Reserves with
Demand-Side Resources

This section describes the rationale for using demand-side resources as system reliability
resources.’ It begins with a technical description of the role and function of the system
reliability resource known as spinning reserve and focuses on the difference between the
technical requirements of the service as specified in reliability rules, which require that it be
available for up to two hours, and the way in which it is actually used by system operators,
which is often for 10 minutes or less. Then the discussion describes why air-conditioning load
and other demand-side resources that have some form of storage or inertia are well matched to
the short time periods during which spinning reserve is actually utilized in practice. Compared
to the very long curtailments (two to six hours) typically experienced by customers on
traditional utility load-cycling programs, the far shorter curtailments associated with providing
spinning reserve may be indistinguishable to these customers from the routine operation of their
air conditioners. Building from this basic insight, this section discusses other technical
advantages that might accrue from use of demand-side resources to provide spinning reserve
and end the section by reviewing the reliability rules that currently preclude this practice.

21 What is Spinning Reserve?

To assure reliable provision of electricity service, power system operators must have resources
continuously poised, ready to respond immediately if a generator or transmission line fails.
Without reserves to replace the lost generation (or the generation that the lost transmission was
delivering), load would exceed generation, and the power system would rapidly collapse.

Figure 2-1 shows a plot of power system frequency during a major loss-of-generation
contingency. In this case the reserve responded well, and system balance was successfully
restored within 10 minutes.

Contingency response is not obtained from a single resource or even from a single service.
Instead, a series of services (shown in Figure 2-2) is coordinated to provide the required
response speed and duration: spinning reserve is the “first responder” service, followed by non-
spinning reserve and replacement reserve.
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3. A more complete discussion of the overall topic canbe found in Demand Response For Power System
Reliability: FAQ, (B. Kirby, ORNL/TM-2006/565) from which much of the material in Section 2 was
derived.



Figure 2-1. Power System Frequency During a Major Contingency. Reserves successfully
restored generation/load balance within 10 minutes after sudden failure of two generators

in Texas.

Spinning reserve must begin to respond immediately and be fully responsive within 10 minutes.
To provide this service, spinning reserve must be already synchronized with the grid. Non-
spinning reserve must also respond fully within 10 minutes but does not need to begin
responding immediately. As a result, it does not need to be synchronized with the grid initially.
Replacement reserve must respond fully within 30 minutes. California’s real-time energy market,
with its five-minute dispatch interval, can also be used by system operators to obtain response

to contingency events.

Spinning reserve is the fastest-responding contingency reserve and thus the most critical for
maintaining power system reliability. Spinning reserve is the service that arrests the dangerous
frequency drop seen in Figure 2-1. WECC does not currently allow responsive loads to provide
spinning reserve. Only generators that are on line and synchronized to the grid can supply

spinning reserve.

2.2 Why Use Controllable Air-Conditioning Units For Spinning

Reserve?
Advances in communications and control technology now make it possible to use aggregated

groups of curtailable loads, such as air-conditioning units already equipped with load-cycling
controls, as a spinning reserve resource that is potentially superior to relying on generators for
this service. The natural response capabilities of these loads match the response speed,
duration, and frequency required to support spinning reserve. The appropriateness of this
match has been recognized by the Electric Reliability Council of Texas (ERCOT), which allows
load curtailment to supply half of ERCOT’s 2,300 MW spinning reserve requirement. The PJM
Interconnection also recently changed its reliability rules to allow loads to supply spinning

reserve.

Market Response

Replacement Reserve

Contingency : Spinning & Non-Spinning Reserve
""""" Al

<—Reserves "Should" [

be Restored
Reserves "Must" 1

3 be Restored '
1)
1)

)

30 40 50 60 70 80 90 100 110 120 130 140 150

Minutes

Figure 2-2. Coordinated Contingency Response. A series of reserve services
provide coordinated contingency response.



In California, air conditioning is one type of curtailable load that has the capability to respond
faster to system disturbances than generators can. Data gathered in the tests described in this
report show that air-conditioning load can be dropped nearly instantaneously (in tens of
seconds or less) in response to commands from a system operator. The rapid response possible
from using air-conditioning load as spinning reserve could improve power system reliability;
using air-conditioning load as demonstrated in this study would allow load response to be in
place much more quickly than the 10 minutes currently allowed for generators who provide
spinning reserve.

Spinning reserve is a good match to air-conditioning load-response capabilities for several
reasons:

*  Deployment of spinning reserve is typically brief: Total air-conditioning load can therefore
be curtailed for the event duration; because the event is likely to be brief, customers are
not likely to notice the curtailment.

*  Spinning reserve deployment is relatively infrequent: Response is only required when a
contingency occurs as opposed to, for example, being required every afternoon during a
heat wave for peak reduction.

*  Air-conditioning response is reliable and robust: Meaningful response is spread over
thousands of small, independent units, so failure of a single unit to respond has no
impact on power system reliability. In contrast, failure of a large generator to provide
spinning reserve is a serious reliability event.

* Air-conditioning response is generally available when needed: Hourly spinning reserve market
price history confirms that spinning reserve is in short supply (prices rise) when system
load is high, which is the same time that air conditioning is loading the system.

2.2.1 Spinning Reserve Deployment Duration

As shown in Figure 2-3, spinning reserve events are typically quite short. The figure shows data
for the ISO New England (ISO NE) and New York Independent System Operators (NYISO) and
the California ISO. Longer reserve deployments are occasionally required and are extremely
important for reliability, but, as shown in Figure 2-3, they are rare. Brief event duration is a
perfect match for air-conditioning load curtailment because air-conditioning units can easily be
curtailed for short periods, likely, with little or no comfort impact on occupants. Longer
duration curtailments, too, are also possible. However, the comfort impacts would become
more noticeable.
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Figure 2-3. Duration of Spinning Reserve Deployment. 1SOs differ in
frequency of use of spinning reserve, but most deployments of spinning
reserve are short in duration.

2.2.2 Load and Spinning Reserve Cycles

The daily and seasonal load cycles of air conditioning mean that it can supply spinning reserve
when generator-supplied spinning reserve is most costly. Spinning reserve prices in California
are shown in Figure 2-4 along with a typical air-conditioning load profile. The arrows on the
graph point to the appropriate Y-axis labels for each curve. That is, prices for spinning, non-
spinning, and replacement reserve are shown on the left Y-axis; the air conditioning load in MW
is shown on the right Y-axis. There are no units associated with the air conditioning load on the
right Y-axis because the total MW will depend on the total amount of controlled air
conditioning load.

The spinning reserve price is low overnight because there is ample partially loaded generation
available to supply spinning reserve. The spinning reserve price rises near the load peak
because generation is needed to serve load and is thus not available as reserve. So, although air-
conditioning load is available at certain times and the power system need for spinning reserve is
constant, there are low-cost alternative supplies available when air-conditioning load is not.
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