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ISO-NE 2005 Demand Response Program Evaluation

1 Introduction

1.1 Overview

ISO New England Inc. (ISO-NE) commissioned the team of RLW Analytics and Neenan
Associates to conduct a comprehensive evaluation of ISO-NE’s demand response
programs. This evaluation was conducted to comply with a June 6, 2003 Order issued by
the Federal Energy Regulatory Commission, which directed ISO-NE to prepare and
submit an annual independent evaluation of its demand response programs at the end of
each calendar year through December 31, 2005. This evaluation is comprised of four

main elements:

O A market impacts evaluation,
U A process evaluation study,
O An assessment of customer satisfaction, and

0 A market assessment study.

The market impacts evaluation quantified the benefits from load curtailments undertaken
during program events. To estimate market price impacts from the Real-Time Price
Response Program, Neenan Associates constructed an economic supply model of the
New England wholesale market. The economic model provides the means for estimating
how wholesale market prices are impacted during price response events, and projects the
impacts of those wholesale market price changes into bill savings realized by the buyers
of electricity. Another model was developed that estimates the reliability benefits
associated with load curtailed by participants in the Real-Time Demand and Profiled

Response Programs.

The process evaluation study identified the procedures and processes involved in
implementing the programs and evaluated how well ISO-NE performed these functions.

The primary sources of data for the process evaluation were surveys and in-person

Section 1 — Program Descriptions 1-1
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interviews with ISO-NE staff and other stakeholders, as well as reviews of program

manuals and records.

Customer satisfaction was evaluated by conducting an on-line survey of retail customers
participating in the programs, as well as the companies that enroll and provide demand

response services to these retail customers.

The market assessment study evaluated the potential for promoting price responsive
demand in New England using Day-Ahead Indexed Default Service (DADS). The
assessment used primary and secondary sources to define the market for DADS, which
consisted of commercial and industrial (C&I) load with peak demands of 100 kW or
greater. The load data was segmented into five different business classes and price
elasticities were developed for each of the business classes to estimate the potential for

price responsive demand.

This document is organized in the following manner:

e Section 1 provides an overview of this evaluation report and a description of the

various demand response programs administered by ISO-NE in 2005.
e Section 2 discusses the programs’ participation and performance.
e Section 3 presents the programs’ market impacts.

e Section 4 presents the results of the process evaluation including the findings

from the stakeholder and customer surveys.

e Section 5 estimates the market potential of price responsive demand in New

England.

Section 1 — Program Descriptions 1-2
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1.2 Program Descriptions
ISO-NE’s demand response programs were first introduced in March 2003 concurrent
with the introduction of Standard Market Design. The programs, which replaced the
existing ISO-NE offerings that had been available since 2001, are organized into two
general categories, as follows:
¢ Reliability Programs provide capacity (kW) and energy (kWh) resources that are
available within either 30-minutes or 2-hours of ISO-NE’s request during periods
of emergencies on the electricity grid. These programs include the Real-Time
Demand Response Program the Real-Time Profiled Response Program
(“Reliability Programs”).
¢ Price Programs encourage customers to reduce energy (kWh) consumption
during periods of high Real-Time or Day-Ahead wholesale energy prices. These
programs include the Real-Time Price Response Program (‘“Price Program’) and

Day-Ahead Load Response Program (“Day-Ahead Option”).

Retail customers enroll in a program through an Enrolling Participant, which can be a
local distribution company, competitive energy service provider, or independent Demand
Response Provider.! The programs are described in the following sections. Complete
details of the ISO-NE demand response programs can be found in the program manuals

available at the ISO-NE web site (www.iso-ne.com).

1.3 Real-Time Demand Response Program

The Real-Time Demand Response Program is designed for customers that can reduce
their electricity usage within either 30 minutes or two hours of a request by ISO-NE.
These requests are called “Reliability Events.” Compliance with reliability events, which

coincide with ISO-NE Operating Procedure No. 4 (OP-4) conditions, is malndaltory.2 OP-

" Demand Response Providers are entities that are not New England Power Pool (NEPOOL) Participants
and that aggregate and enroll curtailable loads into the demand response programs.

* OP-4 defines the actions taken during a capacity deficiency. The first ten actions of OP-4 are
implemented to maintain operating reserves. Later actions of OP-4, Actions 11 through 16, represent more
extreme dispatch actions and may result in degraded system reliability since full operating reserve required

Section 1 — Program Descriptions 1-3
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4 events occur when there is an expected shortfall in reserve resources on the wholesale
electricity grid. Participants that reduce their consumption during the reliability events
are paid the greater of the Real-Time Locational Marginal Price (LMP) applicable to their
Load Zone or a Floor Price. The Floor Price is $0.50/kWh for participants that agree to
respond within 30 minutes and $0.35/kWh for those that agree to respond within two
hours. ISO-NE guarantees a minimum of two hours of curtailment for each reliability
event. Participants in this program are also eligible to earn installed capacity (ICAP)
credits. The quantity (MW) of a participant’s ICAP credit is based on their enrolled
(committed) reduction or actual performance in a reliability event. Failure to reduce load
during a reliability event results in the forfeiture of ICAP credit earned for the month in
which the reliability event occurred. In addition, the participant’s ICAP credit in the
months following the reliability event is de-rated accordingly. Enrolling Participants can
monetize the ICAP credits in several ways, including by offering the credits into the
monthly ICAP Supply Auction, using the ICAP credits to offset an ICAP obligation and,
in the case of certain resources in Southwest Connecticut, through a Supplemental

Capacity Agreement with ISO New England.

Table 1-1 summarizes the characteristics of the Real-Time Demand Response Program.

or normal operation is not maintained. For example, at Action 11 of OP-4, ISO-NE will allow the 30-
minute operating reserve to decrease to zero.

Section 1 — Program Descriptions 1-4
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Program Feature Description

Eligible Retail Customers Individual or Groups (Minimum 100 kW Reduction).

Program Activation Respond to ISO Control Room Request.

Required Response Time Within 30-Minutes or 2-Hours of ISO request.

Energy Payment Greater of Real-Time LMP or Guaranteed Minimum $0.50/kWh for 30-
Minute Response and $0.35/kWh for 2-Hour Response.

Capacity Payment Monthly payment ($/kW) based on the ICAP Supply Auction and/or
Supplemental Capacity Agreement.

Minimum Event Duration Minimum 2-Hour guaranteed interruption.

Metering Requirement 5-Minute Usage data sent to ISO-NE via the Internet or customized

monitoring and verification plan.

Table 1-1: Real-Time Demand Response Program Features

The Real-Time Demand Response Program is activated at different Action Steps of OP-4
depending on the program’s notification time and the technology used by the
participating customer to accomplish the load reduction. The Action Steps, Notification

Times, and Technologies are described in the Table 1-2.

Allowed Notification Time Technology OP-4 Action Step

30-Minutes Load Reduction with or Actions 9 and 12
without Emergency

. 3
Generation

2-Hours Load Reduction with or Actions 3,4, 5,7, and 8
without Emergency

Generation

Table 1-2: Real-Time Demand Response Program Activation Description

Participation in the Real-Time Demand Response Program requires the installation of

special metering and communication systems capable of recording the participant’s

? While each state in New England has slightly different environmental rules, typical emergency generator
operating permits will only allow such generators to operate following ISO-NE declaration of OP-4 Action
12 (implementation of voltage reductions) or following the loss of external power to the facility.
Therefore, such emergency generators must be in the Action 12 portion of the 30-minute notice program to
avoid violating their operating permit.

Section 1 — Program Descriptions 1-5
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electricity consumption in five-minute intervals. These metering and communication
systems are referred to as Internet Based Communication Systems (IBCS). ISO-NE’s
IBCS system is an open-architecture system — called the IBCS Open Solution or IBCS
OS — which allows a variety of vendors to provide participating customers with IBCS
services. Meter data, reliability event notification messages, and other data are
transmitted via the Internet between ISO-NE and Enrolling Participants and participating

customers through the IBCS-OS.

NEPOOL provides financial subsidies to help program participants offset all or a portion
of the costs to purchase, install, and maintain metering systems that meet the IBCS
requirements. The equipment incentive can be up to $2,800 per facility, depending upon
installation requirements and the level of committed load reduction. Financial incentives
are available on a prorated basis for facilities that commit as little as 25 kW in load
reduction. Participants that commit a load reduction of 300 kW or greater also receive up

to $100 per month towards the cost of maintaining the IBCS.

1.4 Real-Time Price Response Program

The Real-Time Price Response Program provides financial incentives to participating
retail customers for voluntary load reductions when ISO-NE activates a price event.
Price events are activated when either an hourly Day-Ahead LMP or a forecasted hourly
LMP is greater than or equal to $0.10/kWh during the hours of 7 a.m. to 6 p.m. on non-
holiday weekdays.* ISO-NE notifies retail customers and their Enrolling Participants of
price events by e-mail. ISO-NE typically makes the determination to open a price event
late in the day prior to the event day. Once the price event is opened, ISO-NE is
authorized to make payments for any load that is curtailed during the entire 11-hour
period. However, program rules also permit ISO-NE to declare an event on the same

day, or for a shorter period. Section 1.7 of this report contains a more detailed

* ISO-NE opens the eligibility period in a Load Zone when actual Day-Ahead or Real-Time LMPs as
forecasted by a Resource Adequacy Analysis for that Load Zone equals or exceeds $100/MWh during the
eligible hours (7:00 a.m. to 6:00 p.m.).

Section 1 — Program Descriptions 1-6
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description of the event triggering method and event start and end times. Participating
customers are paid the greater of $0.10/kWh or the Real-Time LMP in their Load Zone
for voluntary load reductions during price events. Unlike participants in the Reliability
Programs, participating customers in the Real-Time Price Response Program do not earn

a monthly capacity or ICAP credit.

Table 1-3 summarizes the characteristics of the Real-Time Price Response Program.

Program Feature Description

Eligible Retail Customers Individual or Groups (Minimum 100 kW Reduction).

Program Activation Notified by ISO-NE that wholesale prices are forecasted to exceed
$0.10/kWh either the night before or morning of the event day.

Required Response Time The program is 100% voluntary. Participating retail customers decide
when and for how long they participate.

Energy Payment Greater of Real-Time LMP or Guaranteed Minimum of $0.10/kWh.

Capacity Payment None

Minimum Event Duration Price response “window” can open as early as 7AM and remains open
until 6PM.

Metering Requirement The minimum requirement is a meter capable of recording a retail

customer’s hourly usage. Customized Monitoring and Verification plans
can also be considered.

Table 1-3: Real-Time Price Response Program Features

Historically, price events started at 7:00 a.m. and extended to 6:00 p.m. Starting on
March 16, 2005, ISO-NE changed the default price event start time of the program to 2
p.m. to have the event hours better coincide with the periods of high Real-Time LMPs
during the winter season. A more detailed description of the price event trigger
methodology, as well as the default start and end times, is contained in Section 1.7.1 of
this report. Starting with a June 6, 2005 event, ISO-NE changed the default price event
start time to noon. The noon default start time remained in effect for the duration of the

summer season ending on September 30, 2005.

Enrolling Participants and their participating customers are notified of price response

events by e-mail and by a posting on the ISO-NE web site. Some Enrolling Participants

Section 1 — Program Descriptions 1-7
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notify their program participants of price response events using pagers, automated phone
calls, and other means. Meter readings for this program are submitted daily or monthly

by the Enrolling Participant to ISO-NE on the same schedule as other hourly meter data.

The Real-Time Price Response Program allows for an alternative data reporting method
for customers who do not have daily meter reading capability. This option is referred to
as the “Super Low Tech” option. Enrolling Participants are required to submit to ISO-
NE hourly data for their Super Low Tech customers prior to the 90-day resettlement
period.” When the ISO performs the 90-day resettlement of the Real-Time Energy
Market, the Enrolling Participants for these resources are paid for verified load

curtailments that occurred during event hours.

1.5 Real-Time Profiled Response Program

The Real-Time Profiled Response Program is a Reliability Program for Enrolling
Participants with loads that are capable of being interrupted within 2 hours after receiving
instructions from ISO-NE to interrupt load. The Real-Time Profiled Response Program
is activated at Action Step 3 of OP-4. Individual customers participating in the Real-
Time Profiled Response Program are not required to have an interval meter or IBCS.
Instead, the Enrolling Participant is required to develop a customized monitoring and
verification plan (M&V) plan, under the guidelines specified in Appendix E of the Load

Response manual.

The Enrolling Participant is paid the higher of the Real-Time LMP in its Load Zone or a
minimum payment of $0.10/kWh for the actual load reduction as determined by the
approved M&V plan. Demand Resources that participate in the Real-Time Profiled

Response Program are eligible to qualify as ICAP Resources.

> Only data sent to ISO-NE within 60 hours of an event, or true-up data sent before the 20" of the month,
are included in the initial settlement. The Enrolling Participants typically send the Super Low Technology
customers load data once a month after the deadline for inclusion in initial settlement.

Section 1 — Program Descriptions 1-8
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1.6 Day-Ahead Load Response Program

The Day-Ahead Load Response Program (“Day Ahead Option”) allows Enrolling
Participants with retail customers already enrolled in one of the Real-Time Demand
Response Programs to submit an offer concurrent with the Day-Ahead Energy Market to
curtail electricity consumption for the following day. The offer would specify a price
(which would consist of an offer price in dollars per MWh curtailed and an optional
“Curtailment Initiation Price” in dollars per curtailment), the amount of curtailment, and
minimum duration over which the retail customer would be willing to reduce
consumption. Unlike the Real-Time Demand Response Programs, the Day-Ahead

Option is based on electricity prices set in the Day-Ahead Energy Market.

The Enrolling Participant’s offers will be compared with the Day-Ahead Energy Market
hourly clearing prices in its Load Zone. If the combination of the offer price ($/MWh)
and the average Curtailment Initiation Price is less than or equal to the Day-Ahead
Energy Market hourly clearing prices, the Enrolling Participant’s offer will be accepted,

or “cleared.”

Enrolling Participant offers must be at least 100 kW per demand response asset, must be
submitted in increments of 100 kW, and can be as high as the amount of load that was
registered in the Real-Time Price or Demand Response Programs. The price offered
must be between $50 and $1,000 per MWh including the average Curtailment Initiation
Price. Offers can also specify minimum curtailment duration of up to four hours.
Enrolling Participants with offers exceeding 2 MW are subject to financial assurance

requirements.

The Day-Ahead Energy Market closes each day at noon, and the results are posted (made

available) at approximately 4 p.m. Enrolling Participants are able to check the status of

Section 1 — Program Descriptions 1-9
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their offers after the results are posted and can notify their retail customers if their

individual offer is accepted.

If its offer is accepted, an Enrolling Participant will be paid the higher of the offer price
or the hourly Day-Ahead LMP ($/MWh) multiplied by the offer reduction amount (MW)
for each hour its offer was accepted. If the Enrolling Participant does not reduce
consumption by at least the offer amount when scheduled, the Enrolling Participant is
charged the difference between the actual and offered reduction at the hourly zonal Real-
Time LMP. If the Enrolling Participant reduces consumption by more than the
curtailment offer amount, the Enrolling Participant will be paid the difference between

the offer amount and actual reduction at the hourly zonal Real-Time LMP.

Enrolling Participants participating in the Day-Ahead Option with resources enrolled in
the Real-Time Demand or Profiled Response program are expected to reduce
consumption whenever those programs are activated. If the Enrolling Participant has
already reduced consumption because their Day-Ahead offer was accepted, the reduction
will count towards their Real-Time Demand or Profiled performance. If the Enrolling
Participant’s Day-Ahead curtailment offer amount is less than their Real-Time enrolled
curtailment, then they are expected to interrupt the full Real-Time enrolled curtailment

amount during the event.

Because the Real-Time Price Response Program is voluntary, an Enrolling Participant
would not be expected to participate in a price event if it coincides with the period over
which their Day-Ahead offer is accepted. If the Enrolling Participant elects to participate
in a Real-Time Price Response event, the Enrolling Participant would be paid for any
additional voluntary interruption in accordance with the Real-Time Price Response
Program rules. However, in no case would an Enrolling Participant be paid twice by

ISO-NE for the same reduction.

Section 1 — Program Descriptions 1-10
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There are no additional metering and transaction costs to participate in the Day-Ahead

Option.

1.7 Major Program Activities

This section provides a detailed discussion of the major program activities during the
2005 program evaluation year, which runs from September 1, 2004 through August 31,
2005. There were two major initiatives undertaken, one involved an effort to improve the
accuracy of the event trigger methodology for the Real-Time Price program and the

second involved the development of a Demand Response Reserve Pilot program.

1.7.1 Real-Time Price Response Trigger Methodology

Since the implementation of Standard Market Design in New England, ISO-NE has
triggered the Real-Time Price Response Program in a Load Zone whenever a single
hourly Day-Ahead LMP or a single forecasted hourly Real-Time LMP between the hours
of 7 a.m. and 6 p.m. (the default start and end times, respectively, for program events)
equals or exceeds $100/MWh. Although not required by the program rules, the default

start and end times were used for the large majority of the program events to date.

Several market participants expressed concern that in some hours, Real-Time LMPs have
been less than the $100/MWh floor price of the Real-Time Price Response Program
during price event hours. At the request of several members of the Demand Response
Working Group,® ISO-NE conducted an analysis of the Real-Time LMPs versus the Real-
Time Price Response Program floor price for the 2004/2005 winter season price events.’
In its analysis, ISO-NE calculated the frequency distribution of Real-Time LMPs

equaling or exceeding the floor price by hour. The frequency distribution revealed a

% The Demand Response Working Group is a subgroup of the NEPOOL Markets Committee.

7 The analysis focused on the NEMA and Connecticut Load Zones because the vast majority of price
response assets are located in these two zones.

Section 1 — Program Descriptions 1-11
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higher incidence of Real-Time LMPs below the program floor price during the morning

and early afternoon.

Section 2.2.3 of Manual M-LRP - the detailed rules governing ISO-NE’s load response
programs — gives the ISO the flexibility to start events any time during the period of 7
a.m. to 6 p.m. non-holiday weekdays. The manual requires that all events end by 6 p.m.

Section 2.2.3 of Manual M-LRP reads as follows:

[Customers] will be notified when the forecast hourly Zonal Price is
greater than or equal to $100/MWh on a Monday-Friday, non-holidays,
(Holidays are listed in OP14, Appendix C), between 7:00 AM — 6:00 PM.
Once notified, the window of availability for Real-Time Price Response
can be as early as 7 AM and remain open until 6 PM (i.e., between the

hour ending 0800 through the hour ending 1800).

After consultation with the Demand Response Working Group, ISO-NE changed the
default event start time from 7 a.m. to 2 p.m. for the winter season in all Load Zones
effective March 17, 2005 to reduce the number of event hours where the Real-Time LMP

was less than the Floor Price.

Changing the default start time from 7 a.m. to 2 p.m. significantly reduced the number of
event hours where the Real-Time LMP was less than the floor price. The change also
resulted in several hours in which the program was not activated where the Real-Time
LMP was equal to or greater than the floor price. While there were missed hours in
NEMA and Connecticut, capturing those missed hours would have required incurring
significant additional event hours in NEMA and Connecticut in which the Real-Time
LMP was less than the floor price. In other words, for each missed hour in which the

Real-Time LMP exceeded the floor price, approximately 10 hours where the Real-Time
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LMP was less than the Floor Price would have been activated in NEMA and Connecticut,

respectively.

For the summer season, ISO-NE changed the default start time to noon to capture more of
the higher-priced hours that traditionally occur in the early afternoon. ISO-NE is
currently investigating alternative methods of triggering the program to improve its
efficiency by minimizing the number of overpayment hours while making the trigger

mechanism more transparent and practical.

1.7.2 Demand Response Reserves Pilot

ISO New England’s proposed Ancillary Service Markets (ASM) design allows for
demand response resource participation in the reserves markets. However, the proposed
design requires that demand response resources satisfy the same dispatch, metering and
size requirements as traditional generation. Specifically all reserve resources, traditional
generation and demand response alike, must receive dispatch commands from ISO New
England through a Remote Intelligence Gateway (RIG) device, comply with the metering
requirements defined in Operating Procedure No. 18 (OP-18), and be at least 5 MW in
size. In addition, according to the Northeast Power Coordinating Counsel’s (NPCC)
Task Force on Coordination of Operations, demand response resources used to satisfy

operating reserve requirements must have real-time telemetry.8

While the dispatch, metering, and size requirements do not pose a barrier for most large

generation resources, they do pose a substantial cost barrier to typical demand response

¥ While NPCC requires Real-Time telemetry for resources providing operating reserves, it does not appear
that NPCC specifically defines what qualifies as Real-Time telemetry. Individual control areas may be
able to exercise discretion in determining the specific technologies and methods that meet the Real-Time
telemetry requirement.
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resources which are small, numerous, and geographically dispersed throughout New

England.’

The typical demand response resource in New England is less than 5 MW in size.
Demand response resources in the 30-minute and 2-hour Real-Time Demand Response
Programs average approximately 2 MW in size. Resources in the Real-Time Price
Response Program average about 300 kW. For these smaller, distributed resources, the
cost of installing and maintaining a RIG for dispatching and complying with OP-18 real-
time metering requirements (that requires data to be submitted in 10-second intervals) is

neither economic nor practical.

It is highly unlikely that demand response resources will actively participate in the ASM

market given these current market barriers.

To address these barriers, ISO-NE has worked in cooperation with members of the
Demand Response Working Group and participants in the NEPOOL Markets Committee
to develop a Demand Response Reserves Pilot program (“Pilot”), as described in the
sections below, that is designed to test alternative market designs and technologies that
will facilitate demand response resource participation in the ASM market. Detailed
information on the proposed Pilot was filed with the FERC on September 7, 2005. FERC
approved the pilot program in its order dated November 29, 2005."

The Pilot has the following objectives:

? RIG and 10-second SCADA are not cost-effective for small Settlement Only Generators for the same
reason.

19 See Amendments to Appendix E of Market Rule 1 to Establish a Demand Response Reserve Pilot
Program, Docket No. ER05-1450-000, November 29, 2005.
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® To demonstrate whether customer loads can reliably provide Ancillary Service
Market products, specifically 30-minute Operating Reserve and 10-minute non-

synchronized reserve services.

e To determine the requirements for the level and type of control room
communications, dispatch, metering, and telemetry sufficient for demand

response resources providing reserve services.

e To identify and evaluate lower cost communications and telemetry solutions that
meet the requirements and are more suitable for demand response resources to

provide reserves.

To meet these objectives, the Pilot project will focus on two distinct sub-projects with

concurrent timelines in order to address two specific issues:

1) Determine the ability of demand response resources to respond to Reserve

Activation events as compared to off-line and on-line generation resources.

2) Evaluate lower-cost, two-way communication alternatives to the current
combination of Supervisory Control and Data Acquisition (SCADA) and Remote
Intelligent Gateway (RIG) technology that is presently required to connect

dispatchable resources to the ISO.

The experience gained in the Pilot will help ISO-NE achieve the following long-term

goals:

¢ Allow demand response resources to participate in all wholesale electricity

markets (including energy, capacity, and reserves) to the greatest extent possible;

¢ Ensure that the energy, capacity, and reserve products provided by market
resources — i.e., generation and demand response assets — are functionally

equivalent with regard to meeting the System Operators’ needs; and
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e Recognize the behavioral and technological differences between generation and
demand response resources to reduce barriers to entry and to encourage all

potential resources to participate in as many of the markets as practicable.

ISO New England will solicit a maximum of 50 MW of demand response and “‘settlement
only” generation resources to participate in the Pilot. Resources from among various
demand response resource types will be recruited to participate. The demand response
resources will be selected to represent the population of demand response resources that
would likely participate in a competitive reserve product market. For example, resource
types will include but are not limited to weather sensitive loads, non-weather sensitive

loads, emergency generation, and load reduction resources.

The Pilot will not affect the quantity or the clearing price of resources acquired through
the Forward Reserve Market. Resources participating in the Pilot cannot simultaneously
participate in the Forward Reserve Market. Resources participating in the Pilot will be
required to register in the Real-Time 30-Minute Demand Response Program. In addition
to responding to Pilot events, these resources will also be required to respond to events

activated under the Real-Time 30-Minute Demand Response Program.

Real-time performance data from demand response resources participating in the Pilot

will be collected and analyzed to:

1) Determine demand response resource usefulness to satisfying system reliability

conditions;

2) Determine the requirements and develop a functionally equivalent telemetry
option for demand response resource dispatching, communication and telemetry

hardware. For example, the Internet Based Communication System Open
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Solution currently used for the 30-minute and 2-hour Demand Response Programs

will be evaluated as an alternative to the RIG and OP-18 metering requirements.

The results of the Pilot will be used to determine the type(s) of demand response
resources that can provide functionally equivalent non-synchronized operating reserves
using alternative telemetry. Following the completion of the Pilot, ISO-NE will work in
cooperation with members of the Demand Response Working Group and participants of
the Markets Committee to integrate demand response resources into the wholesale

markets.
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2 Program Participation and Performance

The program year 2005 is comprised of the period September 1, 2004 through midnight,
August 31, 2005 (“Reporting Period”)."" Program enrollment is measured by number of
assets, which are individual customers or aggregations of customers, and by enrolled

MW, which is the amount of load those assets committed to the program for curtailment.

2.1 Participation

Table 2-1 provides the enrollment in the Load Response Program by Load Zone as of

ReadyTo Respond: Approved: August 31, 2005, which is
Zone Assets |Total MW [[Assets [Total MW|  divided into two categories:
CT 338 289.9 6 3.0 assets that are “Ready To

ME 7 49.5 0 0.0  Respond” and assets that have
NEMA 112 49.1 2 24.1 been “Approved” and are

NH 7 18.1 0 0.0 ) .

T o 12 3 13 pending activation. The
SEMA 102 10.9 1 0.1 numbers in the left portion of
VT 18 13.6 0 0.0 the table represent assets that
WCMA 115 30.3 4 0.4]  are Ready To Respond and
Total 781 472.5 21 28.9]  comprise the total potential

Table 2-1: Enrollment in Load Response Programs by Load Zone 1oad reduction as of August
31, 2005. A total of 472.5
MW were enrolled in the Program on August 31, 2005, of which 61 percent were located
in the Connecticut Load Zone.

In terms of the number of MW per Load Zone, the ranking of the top three zones
remained the same as the corresponding time in the previous year. The total number of
Ready To Respond MWs increased from approximately 356 MW in September 2004 to
472 MW in August 2005, an increase of 33% over the period.

" This period was selected because of the time needed to process and analyze data in time to meet a
Federal Energy Regulatory Commission directive that this report be filed with the Commission by
December 31 of each calendar year. Sufficient time was not available to collect and analyze data from later
months in the current year.
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Table 2-2 below provides the enrollment in the L.oad Response Program by Load Zone
and by program as of August 31, 2005. The numbers provided in Table 2-2 represent
assets that are ready to respond and those that have been approved and are pending
activation. “Ready To Respond” assets are those that have registered into an ISO-NE load
response program, have been approved by ISO-NE for participation, have installed the
appropriate metering and communications systems, and have submitted sufficient meter
data to ISO-NE to establish a customer baseline (if required). “Approved” assets are
those which have registered into an ISO-NE load response program and have been
approved by ISO-NE for participation, but have yet to install the appropriate metering
and communications systems or to submit sufficient data to ISO-NE to establish a
customer baseline. The number of Ready To Respond assets as of August 31, 2005 is

781, an increase of 61 percent over the enrolled assets on August 31, 2004.

Ready To Respond: Approved:
781 Assets 4725 MW 21 Assets 28.9 MW
Zone Assets | RT Price |RT 30-Min|RT 2-Hour | Profiled Assets | RT Price [RT 30-Min |RT 2-Hour| Profiled
CT 338 40.6 248.7 0.7 0.0 6 0.0 3.0 0.0 0.0
SWCT* 293 3.8 224.8 0.7 0.0 1 0.0 0.1 0.0 0.0
ME 7 37.5 0.0 1.0 11.0 0 0.0 0.0 0.0 0.0
NEMA 112 441 28 0.8 1.4 2 0.1 24.0 0.0 0.0
NH 7 18.1 0.0 0.0 0.0 0 0.0 0.0 0.0 0.0
RI 82 11.2 0.0 0.0 0.0 8 1.3 0.0 0.0 0.0
SEMA 102 104 05 0.0 0.0 1 0.1 0.0 0.0 0.0
VT 18 75 0.1 0.0 5.9 0 0.0 0.0 0.0 0.0
WCMA 115 21.2 0.1 9.0 0.0 4 04 0.0 0.0 0.0
Total 781 190.5 | 2522 11.6 18.2 21.0 1.9 27.0 0.0 0.0

Table 2-2: Enrollment by Load Response Program and Load Zone

Table 2-2 indicates that 53% of all program MWs are in the Real-Time 30-Minute
Demand Response Program, while approximately 40% are in the Real-Time Price

Response Program.
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Figure 2-1 illustrates the change in enrollments by program over the past 12 months.
Aside from the seasonal retirement of assets from the 30-minute Demand Response
Program during the winter months, the graph shows an upward trend in program growth
with the exception of the Profiled Response Program. This program had a 65 MW drop
in enrolled assets when several large customers were taken off interruptible rates by their
local distribution companies in June of 2005 and were subsequently retired from the
program. By August of 2005 the total enrolled MWs was about the same as in May of
2005 before the exodus of the Profiled Response Program assets due to increases in both

the 30-minute Demand and Real-Time Price Response Programs.

2004 | 2004 | 2004 | 2004 | 2005 | 2005 | 2005 2005 | 2005
Month/Year

Profile &0 Price @ 30-Minute m 2-Hour

Figure 2-1: Program Enrollment by Month

2.2 Event Statistics

Table 2-3 provides an overview of the Price Program event hours that were called during
the Reporting Period in each Load Zone. With the exception of NEMA and CT, all Load
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Zones had less than 900 event hours in the Reporting Period. There were 1,099 event
hours in NEMA, while in CT there were 919.

Overall, Price Program events were declared on 158 days for a total of 1,143 unique
event hours.'> This represents a significant increase in both the number of events and

hours that were called compared to the previous annual evaluation report.

Number of Hours

Year Month VT NH WCMA RI SEMA ME NEMA CT
2004 9 11 11 11 11 11 11 11 20
2004 11 66 66 66 66 66 66 76 66
2004 12 132 121 143 143 143 110 198 132
2005 1 165 165 165 165 165 165 176 165
2005 2 75 66 71 66 66 55 66 71
2005 3 54 50 54 54 54 50 83 54
2005 4 44 44 48 40 40 36 72 44
2005 5 12 8 16 12 12 8 60 24
2005 6 59 48 59 59 59 42 111 101
2005 7 96 96 96 96 96 96 108 104
2005 8 138 138 138 138 138 138 138 138

Total 852 813 867 850 850 777 1,099 919

Table 2-3: Price Response Program Event Summary
The Reliability Programs were activated in Connecticut on July 27", and the remaining

assets were audited for compliance on August 29"™. Table 2-4 contains an overview of

the different reliability program events that were declared in each Load Zone during the

Reporting Period.

Date Event Type Load Zone Programs Start Time End Time

s | ow | o e 1L

pugust 29,2005 | Auit | ME|NEMA, SEMA, R e S e
’ Profiled 1:45 PM 5:45 PM

Table 2-4: Demand Response Program Event Summary
In accordance with the program rules, ISO-NE conducted a test of the Reliability
Programs on August 29, 2005 by activating an Audit Event. Audit Events are conducted

in a manner similar to real demand response events — no prior warning was given and

Table 2-3 provides the number of hours in each Load Zone that the program was activated. However,
many of these hours overlapped each other. If an event was called in several Load Zones in the same hour,
this hour was classified as a “unique” event hour. Thus, the “1,143” unique event hours represents the total
number of simultaneous event hours in more than one Load Zone.
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participants are not informed of whether the reliability event is an audit or a real OP-4
event. The Audit Event started at 1:45 p.m. and ended at 4:15 p.m. and 5:45 p.m. for

customers that elected 30-minutes and 2-hours notice, respectively.

2.3 Program Performance Indices

A measure of performance was calculated to quantify the relative degree of resource
performance. The Subscribed Performance Index (SPI) is defined as the actual load
curtailed (MWh) during events divided by the amount of load (MWh) that participating
customers indicated they would curtail during event hours when enrolling in the program.
For example, if a participating customer reduced 1 MW in each hour of a price event that
lasted 10 hours, its actual load curtailed would equal 10 MWh. If that same customer had
enrolled 2 MW of load in the program, then its expected load reduction for the same 10-
hour event would be 20 MWh. Therefore, the customer’s SPI would be 10 MWH
divided by 20 MWH or 0.50%.

2.3.1 Demand Response Program

ISO-NE’s Reliability Programs (i.e., the Real-Time Demand Response and Profiled
Response Programs) were activated on two occasions during the Reporting Period: July
27 and August 29. In the former case, ISO-NE declared an OP-4 condition in Southwest
Connecticut thereby activating the program for the entire state, but nowhere else in the
control area. On August 29", ISO-NE audited the resources in the programs that had not
been activated in the July event.

The information on the July 27" event is contained in Table 2-5. Resources in the Real-
Time 30-Minute Demand Response Program are allowed a half-hour to reach their
enrolled (committed) load reductions. In the case of the Real-Time 2-Hour Demand
Response Program, assets are given a full two hours to reach their enrolled load reduction
levels. What this means is that any load curtailment provided between the beginning of
the event (1:00 p.m. or HE14) and the time the assets are expected to deliver load
reduction (1:30 p.m. for 30-Minute assets and 3:00 p.m. for 2-Hour assets) is of
additional value to the system. The same holds true for event hours that continue after

6:00 p.m. (HE18). In the case of events lasting past 6:00 p.m., resources receive energy
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payments ($/kWh): however resources are not obligated to perform. Thus, Table 2-5
contains the total Enrolled MWs of resources in each Demand Response program, and
shows the actual load curtailment these resources achieved (i.e., Actual Performance) as
well as the Expected Performance in each hour. Resources in all three Demand Response

programs provided Connecticut with nearly 80% of the expected (enrolled) load

reductions.
Expected Actual
Hour Enrolled Performance Performance Payments SP1
Program Date  Ending MW (MWh) (MWh) $) (%)*
30-Min Demand Response 7/27/05 14 182.690 91.345 117.527 $59,067.00 64%
with Emergency 7127105 15 182.690 182.690 153.886 $77,354.00 84%
Generation 7/27/05 16 182.690 182.690 154.431 $77,587.50 85%
7/27/05 17 182.690 182.690 152.333 $76,539.50 83%
7/27/05 18 182.690 182.690 151.289 $76,039.50 83%
7/27/05 19 182.690 0.000 125.331 $63,057.50 N/A
7/27/05 20 182.690 0.000 12.823 $6,632.50 N/A
Sub-Total 1,278.830 822.105 867.620 $436,277.50 82%
30-Min Demand Response 7/27/05 14 55.050 27.525 27.940 $14,059.50 51%
without Emergency 7127105 15 55.050 55.050 41.032 $20,653.00 75%
Generation 7127105 16 55.050 55.050 40.843 $20,553.50 T4%
7/27/05 17 55.050 55.050 39.972 $20,128.50 73%
7/27/05 18 55.050 55.050 39.028 $19,639.50 T1%
7/27/05 19 55.050 0.000 33.001 $16,617.00 N/A
7/27/05 20 55.050 0.000 7.293 $3,735.50 N/A
Sub-Total 385.350 247.725 229.109 $115,386.50 71%
2-Hour Demand Response 7/27/05 14 0.720 0.000 0.300 $111.65 N/A
7/27/05 15 0.720 0.000 0.400 $146.65 N/A
7/27/05 16 0.720 0.720 0.680 $243.60 94%
7/27/05 17 0.720 0.720 0.665 $291.66 92%
7127/05 18 0.720 0.720 0.594 $212.10 83%
7/27/05 19 0.720 0.000 0.590 $207.90 N/A
7/27/05 20 0.720 0.000 0.140 $52.15 N/A
Sub-Total 3.600 2.160 3.369 $1,265.71 90 %
Grand Total 1,667.780 1,071.990 1,100.098 $552,929.71 79 %
* SPI is N/A for hours in which a resource was not required to perform (Expected performance= 0); Sub-total and Grand Total SPI values represent the average SP1
during only the hours in which a resource was required to perform.

Table 2-5: July 27" Demand Response Program Performance Indices

The details of the August 29™ audit event are contained in Table 2-6. Overall, the
resources called for this audit provided an average of 84% of what was enrolled, with
some programs performing better than others. Assets in the 30-Minute Demand
Response Program using Emergency Generation provided an average of 7% of what was
enrolled. Resources in the 30-Minute Demand Response Program that did not use
Emergency Generation performed significantly better providing an average of 77% of
what was enrolled. Resources in the 2-Hour Demand Response and Profiled Programs

provided an average of 75% and 94% of what was enrolled, respectively.
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Expected Actual
Hour Enrolled Performance Performance Payments SPI
Program Date  Ending MW (MWh) (MWh) $) (%)*
30-Min Demand Response 8/29/05 14 0.800 0.000 0.020 $14.500 N/A
with Emergency 8/29/05 15 0.800 0.600 0.070 $36.500 12%
Generation 8/29/05 16 0.800 0.800 0.061 $32.500 8%
8/29/05 17 0.800 0.200 0.010 $8.000 5%
Sub-Total 3.200 1.600 0.161 $91.500 7%
30-Min Demand Response 8/29/05 14 2.750 0.000 0.462 $236.000 N/A
without Emergency 8/29/05 15 2.750 2.063 2.289 $1,144.500 111%
Generation 8/29/05 16 2.750 2.750 2.403 $1,209.000 87%
8/29/05 17 2.750 0.688 0.358 $184.500 52%
Sub-Total 11.000 5.500 5.512 $2,774.000 77 %
2-Hour Demand Response 8/29/05 14 11.230 0.000 0.060 $21.000 N/A
8/29/05 15 11.230 0.000 4.660 $1,635.550 N/A
8/29/05 16 11.230 2.808 6.910 $2,421.300 246%
8/29/05 17 11.230 11.230 9.600 $3,365.250 85%
8/29/05 18 11.230 8.423 7.260 $2,543.100 86%
Sub-Total 56.150 22.460 28.490 $9,986.200 75 %
Profiled 8/29/05 14 18.230 0.000 5.450 $1,080.250 N/A
8/29/05 15 18.230 0.000 5.660 $892.480 N/A
8/29/05 16 18.230 4.558 14.750 $2,497.990 324%
8/29/05 17 18.230 18.230 17.610 $2,871.840 97%
8/29/05 18 18.230 13.673 17.470 $2,331.270 128%
Sub-Total 91.150 36.460 60.940 $9,673.830 94%
Grand Total 161.500 66.020 95.103 $22,525.530 84 %
* SPI is N/A for hours in which a resource was not required to perform (Expected performance= 0); Sub-total and Grand Total SPI values represent the
average SPI during only the hours in which a resource was required to perform.

Table 2-6: August 29™ Demand Response Program Performance Indices

2.3.2 Real-Time Price Response Program

ISO-NE declared Real-Time Price Response Program events in every month during the
Reporting Period, except October 2004. On average, Price Program events were declared
14 days per month during the Reporting Period, as shown in Table 2-7. Real-Time Price
Response Program assets provided a total of 45,436 MWh of load relief during the
Reporting Period. The number of responding resources steadily grew over the Reporting
Period, from 235 assets in September 2004 to 385 in May 2005, but then dropped off
considerably between May 2005 and August 2005. Responding resources are those
resources enrolling in the program that demonstrated a load reduction during an event
hour that was greater than zero.
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Event Event Responding Enrolled Performance Payments SPI

Year Month Days Hours Asset Count (MW) (MWh) (%) (%)*
2004 9 2 97 235 1,470.550 260.014 $26,522.60 17.68%

2004 10 0 0 N/A N/A N/A N/A N/A
2004 11 7 538 307 8,186.900 2,330.130 $240,235.47 28.46%
2004 12 18 1,122 324 21,311.290 8,124.234 $859,979.57 38.12%
2005 1 16 1,331 332 25,900.600 8,939.104 $938,756.91 34.51%
2005 2 7 536 333 10,215.600 3,158.086 $320,562.70 30.91%
2005 3 12 453 339 9,321.820 2,587.615 $268,844.57 27.76%
2005 4 18 368 347 7,737.920 2,563.707 $263,955.11 33.13%
2005 5 15 152 385 4,086.560 1,530.819 $159,104.07 37.46%
2005 6 21 538 129 14,084.570 3,800.349 $407,249.17 26.98%
2005 7 19 788 129 18,760.380 5,024.615 $675,946.98 26.78%
2005 8 23 1,104 131 26,261.640 7,116.928 $995,376.35 27.10%
Total 158 7,027 2,991 147,337.830 45,435.601 $5,156,533.50 30.84%

Table 2-7: Real-Time Price Response Program Performance Indices

Average performance index values were estimated for the Real-Time Price Response
Program by month during the Reporting Period and are contained in Table 2-7. Overall,
assets in this voluntary program provided 31% of what they enrolled. Between
September 2004 and August 2005, the number of responding assets in a given month
ranged between 129 and 385. The performance indices also varied across the twelve-
month period, from a low of 18% in September of 2004 to a high of 38% in December of
2004. In the month with the highest number of declared event hours (January 2005), the
performance index was the third highest of the Reporting Period. Over the period of
December 2004 through February 2005, when Price Response events were declared more
frequently than in any other three month period during the Reporting Period, the

performance indices were at their highest sustained period of the Reporting Period.
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3 Market Impacts of ISO-NE’s Demand Response Programs

This section of the report will examine the market impacts of both Real-Time Price
Response Program and Day-Ahead Option on their respective energy markets. The

benefits attributable to the Reliability Programs will also be explained and quantified.

3.1 Benefits of ISO-NE’s Demand Response Programs

The goal of ISO-NE’s Price Program is to abate the most serious consequences of Real-
Time market price volatility, while its Reliability Programs are intended to provide a
stock of resources that help avoid electricity shortages. Methods that have been
developed specifically to measure the value of demand response were adapted to reflect
ISO-NE market circumstances, and then applied to the 2005 program year events. The
approach is to simulate what the Real-Time market price would have been if the program
curtailments had not been undertaken. Estimates of the programs’ benefits were
produced by calculating the difference between the simulated and actual Real-Time
market prices multiplied by the amount of load that would have paid that price. In
addition, the demand response program provides an improvement in reliability, which
manifests itself in the reduction of the probability of an outage. Estimating the expected
un-served energy and valuing it at a range of different outage costs produced estimates of
the reliability benefits. Total program benefits are then compared to payments made to

participants to provide an index of program performance.

A reduction in load to be served in Real-Time, all else constant, results in a generating
unit (or several units) being backed down from the point at which it otherwise would
have operated. Because ISO-NE dispatches units according to an ascending bid supply
curve, the market-clearing LMP drops as load drops, all other things equal, and as a
consequence buyers in the Real-Time market realize price reductions at that time. The
direct benefits, defined as the bill savings realized by purchasers of energy in the Real-
Time market, are the product of the reduction in LMP that results from the curtailments

and the load purchased in the Real-Time market during the event.
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There is an important secondary (indirect) impact of the program on electricity prices in
the market. Lower price volatility acts to reduce the premiums that purchasers of
bilateral contracts pay. So, they too benefit from the program. These benefits are defined
by the product of the reduction in the month’s average price resulting from the program

times the load transacted through bilateral agreements.

The impact of program curtailments on market prices was estimated by first developing a
statistical representation of the relationship between load and LMP in ISO-NE’s Real-
Time energy market. This supply relationship, which reflects the bid curve that is used to
set LMP, was then used to simulate the impact of curtailments on LMP. Event specific
price impacts were developed by adding the curtailed load back into the load actually
served in each event hour. The intersection of this higher load with the simulated supply
curve produces an estimate of the Real-Time price (LMP) that otherwise would have
prevailed. The difference between the actual and simulated LMP defines the price change

that is used to quantify the direct price effect of load curtailments.

An approximation of the indirect market impact is accomplished by calculating the effect
of the Real-Time price changes on the monthly average price, which is lower due to the
lower prices during event hours. If the market were perfectly fluid and adjusted
instantaneously, then the market would reflect those lower risks through a reduction in
the prices that retail suppliers pay for hedge contracts. The product of the reduction in
the average price times the amount of load purchased through bilateral contracts provides
an estimate of those savings. In reality, markets react with a lag, so while some impacts
are realized soon after events, others are felt over subsequent months, or in some cases

13
years.

The degree to which curtailments impact Real-Time LMPs depends on the slope, or

steepness, of the supply curve at that time the curtailments are achieved. The steeper the

3 If the program is successful in reducing price volatility, then retailers will be more inclined to decrease
reliance on bilateral market purchases in order to enjoy the benefits of reduced hedging costs through spot
market purchases.
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curve, the more pronounced the reduction in LMP. The supply flexibility, which is
defined as the percentage change in LMP resulting from a one percent change in the load
served, is a convenient measure of the impact of load curtailments on the Real-Time
market price. The higher the supply flexibility, the greater the impact curtailments exert
on LMP.

Supply curves were estimated for the ISO-NE market for three distinct periods to account
for seasonal differences in market fundamentals. The first period is comprised of the fall
and spring months of the Reporting Period, the months of September, October,
November 2004 and March, April, and May 2005. The second is the winter period that
includes the months of December 2004 and January and February 2005. The last is the
summer period of June, July, and August of 2005. Figure 3-1 through Figure 3-6 depict
the LMPs observed during each of these time periods for both the Day-Ahead and Real-
Time markets.

$250
= = Min.
= Ave.
Max.
$200 /\
o /\v/——\V/\ /\
=
2
2
>
1
$100 \
— —
—— T e — - - ~
$50 7 ~—
M e — = - -
- YN e e a - s A L -
b - - - - - - - - »
$0 T T T T T T T T T T T T T T T T T T T T T T
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24
Hour

Figure 3-1: ISO-NE Day-Ahead Market LMP Statistics Spring 2004 & Fall 2005
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Figure 3-2: ISO-NE Day-Ahead Market LMP Statistics Winter 2004/2005
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Figure 3-3: ISO-NE Day-Ahead Market LMP Statistics Summer 2005

Section 3 — Market Impacts of Demand Response 3-4
RLW Analytics and Neenan Associates



ISO-NE 2005 Demand Response Program Evaluation

$/MWh

$450

$400 -

$350

$300

$250

$200

$150

$100

$50

$0

Min.
= *Ave.

A

A
l
I

\
[~ ,\/\I

/A

|
|
\\\

—

/\—_/_————_—_. — T —
>
r

—_—

- " om o o mw m =
~ -~
~ .’ -~ - - -

~ . ~

--= " o

1 2 3 4 5 6 7 8 9

10 11 12 13 14 15 16 17 18 19 20 21 22 23 24

Hour

Figure 3-4: ISO-NE Real-Time Market LMP Statistics Fall 2004 & Spring 2005
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Figure 3-6: ISO-NE Real-Time Market LMP Statistics Summer 2005

The LMP curves differ substantially by season and market. The winter period (Figure
3-2 and Figure 3-5) shows a pronounced spike in the maximum price and an increase in
the average during the later afternoon hours, in contrast to summer and Fall/Spring where
the peak occurs in the middle of the afternoon. The difference between maximum prices
in the overnight and daylight hours are relatively small in the Day-Ahead Market,
reaching $250/MWh in the Winter, but are sizable in the Real-Time Market in every
season, in excess of $350/MWh up to $1,000/MWh. '

As described earlier, the supply flexibility measures the slope of the market supply

(generator bid) curve. Table 3-1 provides some basic statistics of the estimated supply

'* ISO-NE’s markets utilize programming models to produce unit commitment and dispatch instructions as
well as set market-clearing prices for electricity. Given the nature of such models, it is possible for markets
to clear at prices in excess of the market bid cap of $1,000/MWh.
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price flexibilities for the three periods and the two ISO-NE electricity markets analyzed."

As the table indicates, supply flexibilities are very different across the two markets, with

Supply Price Flexibility the Real-Time market estimates showing
Season Market Zome  Min. Ave Max | roughly a five-fold increase over the
< NEMA -0.8 0.5 1.9 1 hiliti 1 _
) < or o 0o e price flexibilities observed in the Day
(=9 .
@ RONE 1.0 03 1.5 Ahead market. This effect, however,
E ME 0.2 1.5 54
> NEMA 0.1 17 79 varies considerably from zone to zone,
CT 0.0 1.3 4.6
RSII;E (())(; (1) (2) ‘1‘2 with Maine (ME) showing the largest
< NEMA 0.5 13 3.1 difference between markets, in excess of
. = CT 0.4 1.7 7.9
g RONE -0.6 0.7 3.9 a factor of nine, while Connecticut (CT)
; ME 0.5 1.9 9.7 . . .
= NEMA 0.3 2.0 8.4 maintains less than a 33% increase from
# CT 0.3 1.7 12.4 ]
RONE 0.3 2.0 13.0 Day-Ahead to Real-Time. The market
ME -0.5 0.1 0.3
< NEMA 02 03 1.8 is usually in the flat part of the supply
5 = CT 0.2 0.8 24
g RONE 0.1 0.4 0.9 curves, regardless of zone or season, as
E ME 0.1 0.9 25 . .
2 . NEMA 04 1.2 153 evidenced by the very low average price
< CT 0.2 1.3 6.4 el .
RONE 02 12 45 flexibilities. However, there are times

Table 3-1: Supply Price Flexibility Estimates by Season, When the market enters the steeper part

Market and Zone of the supply curve, so much so that

during the summer of 2005 in NEMA, a
1% reduction in demand would have resulted in a 15% reduction in price. Overall,
Connecticut and NEMA exhibit the highest average and maximum estimated price
flexibilities, followed by Rest of New England (RONE) and finally ME.

3.2 Real-Time Price Response Program Benefits

Table 3-2 contains zonal estimates of the price effects and associated benefits from Real-
Time Price Response Program performance.'® Overall, the Real-Time Price Response
Program produced benefits ($9,278,185) that exceeded its costs ($5,156,534) by 80%.

The load curtailments undertaken during declared events reduced the Real-Time market

" Due to characteristics of the bulk power system, the eight current ISO-NE Load Zones can be aggregated
up to produce four distinct zones or superzones: Maine (ME), NEMA, Connecticut (CT), and the Rest of
New England (RONE).

'® The payment and performance statistics in this filing for all programs are subject to change based on
resettlement data. Data from June through September 2005 may be revised based on the 90-day
resettlement.
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LMP by an average of 97 cents per MWh. The largest average price reduction occurred
in NEMA ($1.95/MWh) while the smallest was in the Rest of New England area, which

experienced an average price reduction of 28 cents per MWh.

Those retailers purchasing energy in the Real-Time market paid less for their electricity
when these program participants reduced load."” The estimated savings is directly tied to
the level and frequency of the price reduction in the simulated areas, thereby resulting in
the largest savings in NEMA of $1,010,490, while Maine produced only $127,291 (Table
3-2). If Real-Time Energy Market prices are consistently lower due to Real-Time Price-

Response Program load curtailments, then commodity suppliers seeking to purchase

Transfer Benefits
Average
Average RT Price Hedge Benefits to
Performance  Program LMP Reduction Market Bill ~ Contract Payment
Zone (MWh) Payments ($) ($/MWh) ($/MWh)  Savings ($) Savings ($) Ratio
Maine 5,518 $578,617 $75.44 $0.91 $127,291 $651,600 1.35
NEMA 18,555 $2,169,036 $86.65 $1.95 $1,010,490 $4,504,929 2.54
CT 10,908 $1,296,868 $91.87 $0.50 $278,107  $1,310,070 1.22
Rest of ISO-NE 10,455 $1,112,012 $81.83 $0.28 $229,146  $1,166,551 1.26
45,436 $5,156,534 $84.47 $0.97 $1,645,034 $7,633,151 1.80

Table 3-2: Estimated Real-Time Price Response Program Benefits by Zone

hedge contracts in the near future will demand lower rates.'® A proxy for lower hedge
contract prices would be the reduction in average LMP during the hours for which hedge
contracts are generally written (i.e. weekdays between 6 a.m. and 10 p.m.)."® Using this
proxy, those buying long-term supply contracts would save $651,000 in Maine, but
would save over $4.5 million in NEMA (Table 3-2).

" Based on an evaluation of ISO-NE market settlement data, roughly 11% of load is purchased in the Real-
Time Market.

'® Based on an evaluation of ISO-NE market settlement data, roughly 60% of load is purchased in the
bilateral market.

' Long-term contract rates are based on a combination of the expected price as well as a risk premium for
accepting the fact that the future is not known with certainty. This calculation of hedge savings herein only
takes into account changes in the expected electricity price, not any associated reduction in price volatility
resulting from these Demand Response resources. Thus, the estimate of the hedge market savings in the
tables should be considered a lower bound.
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Economists consider these bill savings to be transfer payments, money that moves away
from one party (i.e. electricity producers) to another (i.e. commodity providers), and are
subjectively called benefits only from the perspective of those receiving such monies. A
more comprehensive metric for quantifying the relative success of the Real-Time Price
Response Program is to fully incorporate how all parties are affected by these load
curtailments, thereby producing an estimate of the change in social welfare. However,
estimating these social welfare effects are only warranted if an alternative to ISO-NE’s
Real-Time Price Response Program is available that produces the same, or at least a
comparable, outcome. With the absence of pervasive time-varying retail rates (e.g. Real-
Time Pricing or “RTP”) in New England, ISO-NE has become the de facto agent
responsible for inducing demand response regardless of the welfare implications. At
such time when RTP or similar time-varying retail rates become widespread in New
England, a comparison of the welfare implications associated with these two options is
warranted, the results of which can be used by policy-makers to evaluate alternative

approaches to achieving price responsive demand.

3.3 Day-Ahead Load Response Program

Starting in the early summer of 2005, ISO-NE implemented its Day-Ahead Load
Response Program (DALRP), which allows demand response resources to offer their load
curtailments into the Day-Ahead Energy Market (DAM). As mentioned above, if such
offers were below the zonal market-clearing price (LMP), then the load curtailment is
scheduled and the asset is expected to provide the reduction in Real-Time. These bids
would not directly affect the DAM LMP, as they are evaluated after the Day-Ahead
Energy Market clears. However, it was expected that once the program grew to a
sufficient size, those entities selling load into the Day-Ahead market would incorporate
these “after-market bids” into their bidding strategy to anticipate lower levels of demand
in Real-Time. Any additional performance provided by these resources, above and
beyond that which was scheduled Day-Ahead, is paid the Real-Time LMP, and therefore
would affect only the Real-Time Energy Market.?

20 ISO-NE rules preclude joint participation in the Real-Time Demand Response Program and the Real-
Time Price Response Program. Thus, end-use customers wishing to provide their curtailment or generation
capability as both an emergency/reliability and a price-responsive resource must enroll into the Real-Time
Demand Response Program and the Day-Ahead Load Response Program.

Section 3 — Market Impacts of Demand Response 39
RLW Analytics and Neenan Associates



ISO-NE 2005 Demand Response Program Evaluation

During the Reporting Period, there was only a single asset enrolled in DALRP, whose
offers were unlikely to move the market at a level sufficient enough for purchasers of
electricity in the Day-Ahead market to adjust their bid strategy.?' In order to provide a
comprehensive analysis of the effects this one asset had during the Reporting Period, two
alternative approaches were undertaken. First, it was assumed that the full consequences
of the scheduled load curtailments and any additional performance would only be felt in
the Real-Time market, as the program enrollment and performance is currently too small
to warrant much attention from those purchasing the electric commodity. Second, to
provide an estimate of what effects might have been experienced if even this one asset’s
offers were integrated by those bidding into the Day-Ahead market, a second set of
results were produced assuming the scheduled load curtailment could affect the Day-
Ahead market, with any additional performance only reducing the Real-Time market
LMP.

As illustrated in Table 3-3, a total of 23 MWhs were scheduled in the Day-Ahead market,
but an additional 367 MWhs were provided in Real-Time above and beyond those
scheduled, resulting in total performance payments of $42,880. Because DALRP offers
are evaluated after the Day-Ahead Market clears and can not directly affect the Day-
Ahead Market LMP, estimates of benefits were derived by assuming that all load
curtailments associated with DALRP affect the Real-Time market only. Thus, the
estimates of transfer benefits incorporate only price changes that occur in Real-Time.
Those purchasing load in the spot market during these DALRP load curtailments would
have saved $10,583, while those undertaking hedge contracts in the future could expect
to see a $46,166 reduction in the cost of such contracts. The second row of the table —
i.e., Integrated method —assumes that the 23 MWh of load scheduled Day-Ahead would
have affected the Day-Ahead market, while the remaining 367 MWhs reduced LMPs in
the Real-Time market, producing bill savings to those purchasing load in these two ISO-

NE electricity markets totaling $11,324.%* If such price reductions continue in the future,

21 At the time of this writing, no assets are presently active in the DALRP.

*2 Based on an evaluation of ISO-NE market settlement data, roughly 29% of load is purchased in the Day-
Ahead Market.
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then those in the hedge market would expect to see a savings of $47,377. Combined,

these benefits exceed program payments by a margin of 37%.

DALRP MWhs Affecting Transfer Benefits
Scheduled  Additional Total Day-Ahead Real-Time Market Hedge  Benefits to
Offers  Performance Payments Market Market Bill Contract  Payment
Method (MWh) (MWh) (%) (MWh) (MWh) Savings ($) Savings ($)  Ratio
Sequential 23 367 $42,880 0 390 $10,583  $46,166 1.32
Integrated 23 367 $42,880 23 367 $11,324  $47,377 1.37

Table 3-3: Estimated Day-Ahead Load Response Program Benefits by Zone

3.4 Demand Response Program Benefits

ISO-NE’s demand response program is activated only during extreme emergency
operations when the ISO-NE’s OP-4 condition has been declared. Thus, this program’s
resources contribute to the reliable operation of the bulk power system by reducing the
overall load that must be served during emergency conditions. Under the most extreme
circumstances, such as those experienced during the 2003 Northeast Blackout, energized
program participants who reduce consumption allow others not yet connected to the grid
the ability to be brought online faster. During less severe system conditions, program
induced load curtailments reduce the probability that a system disruption will lead to a

service interruption.

During the summer of 2005, demand growth combined with weather conditions resulted
in New England reaching an all-time record system peak. System conditions on July 27"
necessitated the activation of Demand Resources in Connecticut, resulting in 1,100 MWh
of load reduction and energy payments of $552,930. Since these resources improve
reliability, program benefits are calculated based on the Value of Expected Un-served
Energy (VEUE).

(1) VEUE = Value of Lost Load (VoLL) * A LOLP * Load @ Risk

To calculate this, it is necessary to have estimates for the three component pieces. A

range of value was used to represent the incremental cost of an outage on end-use
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2 .
customers. 3 To estimate how

Change in Outage Cost
LOLP  $2,500/MWh _$5,000/(MWh  $7,500/MWh $10,000/MWh : :
0.05 $291,131 $582,263 $873,394 $1,164,525 these load reductions lmproved
T . .o 24
0.10 $582,263 $1,164,525 $1,746,788 $2,329,050 rellablllty, a Slmphfled approaCh
0.15 $873,394 $1,746,788 $2,620,181 $3,493,575
0.20 $1,164,525  $2,329,050 $3,493,575 $4,658,100 was used that assumed several

different values for the reduction
in the Loss of Load Probability
(LOLP) to produce a range of benefit estimates. Finally, it was assumed that roughly 5%

Table 3-4: Estimated Demand Response Program Reliability
Benefits (5% Load at Risk)

of CT zonal load was at risk of an outage, a conservative estimate by most standards.

The reliability benefits the Demand Response program provided to electricity consumers
in the state of Connecticut are shown in Table 3-4. As noted above, it was assumed that
5% of Connecticut load was at risk of an outage during the event. If the program-induced
load reductions improved the LOLP by 0.10 or greater, then the reliability benefits would
have exceeded costs. Alternatively, if the outage cost (i.e., VoLL) were $5,000/MWh or
higher, then the value of increased reliability would have offset the payments to program

participants under all LOLP scenarios.

3 Over the past two decades, there have only been a handful of meaningful and reliable attempts to
quantify the cost incurred by customers whose electricity service is interrupted. The research indicates the
value varies dramatically from industry to industry, and varies with the length of notice of the outage, and
with the duration of the interruption itself. The lowest Value of Lost Load used herein ($2,500/MWh)
represents a rather conservative estimate, given the publicly available information. The bulk of the research
surrounding the 2003 Northeast Blackout indicates outage costs were in excess of $7,000/MWh.

** A more rigorous analysis would involve stochastic simulations of the transmission grid in Connecticut
for a range of different system contingencies that could have occurred during the hours of the event, given
system conditions at the time. Such an analysis was beyond the scope of this work.
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4 Process Evaluation

4.1 Introduction

The process evaluation of the 2005 ISO-NE demand response programs focused
primarily on the level of stakeholder satisfaction with the programs and with the
processes used to improve the programs. A focused process survey was conducted by e-
mail that evaluated the level of satisfaction with the current program offerings and the
responsiveness of ISO-NE staff to stakeholder recommendations. The survey also
contained open-ended questions to identify any additional issues that should be

addressed.

Additionally, there was a brief customer survey that was conducted with program
participants and retirees that primarily investigated customer satisfaction with the 2005
ISO-NE demand response program offerings. The customer survey also collected
customer demographic information and probed for customer reported preferences for the

Day-Ahead Option.

4.2 Evaluation Overview

A key aspect of this study utilized existing data resources at ISO-NE to gain an
understanding of the operations of the demand response programs. ISO-NE program
documentation was gathered and reviewed in the early stages of the study. This
information was then used to frame the stakeholder and customer surveys. Responses to

the surveys were the primary source of data for the process evaluation.

Both of the surveys were implemented via e-mail and were Internet-based. Although the
surveys were brief (between 12 -18 questions), the respondents were able to leave the
survey at any time and then come back to the survey and start at the last completed
question. In addition, the survey included several open-ended questions allowing the

respondent to be creative in their responses.
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4.3 Stakeholder Survey

The Stakeholder surveys were distributed to a total of 28 individuals from various
stakeholder groups. The interviewee groups represent five distinct stakeholder groups, as

follows:

O Local distribution companies,

U Demand response providers,

U Competitive retail electricity providers,

0 Metering and Internet-based communication system providers, and

O State regulators.
The survey was first implemented over a four-week period using an e-mail invitation and
two follow-up e-mail reminders. After the initial implementation, a series of phone calls
were made to the 21 recipients that did not respond to the initial e-mail distribution and
additional e-mail survey invitations were sent out. Finally, after the two-week phone
solicitation period, an additional e-mail survey was sent out. Table 4-1 provides a
summary of the survey distribution and response rate by stakeholder group type, which
shows that the overall response rate was 75%. In general the level of response was fairly

representative of the stakeholders that are active in the ISO-NE demand response

programs.

Stakeholder Group Type Surveys Sent [Surveys Complete [% Complete
Local Distribution Company 13 9 69%
Demand Response Provider 2 1 50%
State Regulators 5 4 80%
Competitive Electricity Provider 4 3 75%
Metering & IBCS Provider 4 4 100%

Totals 28 21 75%

Table 4-1: Stakeholder Survey Responses

The survey was structured so that the respondent first provided their level of familiarity
with a particular process or program, and then was asked to provide their level of

satisfaction with the process or program. After each question related to the respondent’s
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level of satisfaction with a process or program, respondents were asked to provide any

comments or suggestions on how to improve the process or program.

The following discussion of survey results are organized by business processes related to
the delivery of the demand response programs. The results have been divided into two
general categories: program implementation mechanisms and program delivery
processes. The program implementation mechanisms include the day-to-day mechanics
of the programs such as the customer enrollment process, the event notification process,
the meter data submission process, and the settlement process. The program delivery
processes include the program marketing materials, ISO-NE marketing support, and the
Demand Response Working Group (DRWG) meetings. Additionally, the stakeholders
were asked about the Day-Ahead Option and whether they intend to enroll any of their

resources into the Day-Ahead Option.

4.3.1 Program Implementation Mechanism

The program implementation portion of the stakeholders’ survey included familiarity and
satisfaction questions about the customer enrollment process, event notification process,
metered data submission process and settlement process. The familiarity questions were
on a 1 to 3 scale (1 being “Very Familiar” and 3 being “Not at All Familiar”’) and
satisfaction questions were on a 1 to 5 scale (1 being “Very Satisfied” and 5 being “Not
at All Satisfied”). Table 4-2 provides a summary of the results of the program
implementation questions, which shows that all of the business processes received a
positive satisfaction rating (less than 3.0). The settlement process received the lowest

rating of 2.67 and the enrollment process was slightly better at 2.65.

Familarity Satisfaction
Topic N Rating N Rating |
Enrollment Process 21 1.9 17 2.65
CAMS Application 20 2.6 5 2.60
Notification Process 21 1.7 16 2.19
Meter Data Submission Process 21 2.0 16 2.44
Settlement Process 21 2.0 15 2.67

Table 4-2: Results of Program Implementation Survey Questions
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In general, when a respondent indicated that they were not at all familiar with a process,
they did not provide a satisfaction rating as evidenced by the decrease in the response rate
between the familiarity and satisfaction questions. Note that respondents indicated that
they were least familiar with the Customer and Asset Management System (CAMS)
application (2.6 out of 3.0) and only five of the respondents provided a satisfaction rating,
the average score of which was also 2.6. The CAMS application is the current platform
used by Enrolling Participants to manage their assets in the demand response programs,
including enrollment, program changes, and other resource attributes. Of all the business
processes with which the respondents were most familiar and satisfied was the

notification process, which had familiarity rating of 1.7 and a satisfaction rating of 2.19.

There were several stakeholder comments and recommendations for changes and
improvements to the enrollment process and the CAMS application. A common theme
was that stakeholders would benefit from additional training on the use of the CAMS

application. One respondent suggested an annual refresher session.

4.3.2 Program Delivery Processes

The program delivery portion of the stakeholder survey also included familiarity and
satisfaction questions about the program marketing materials, ISO-NE marketing support,
and the DRWG meetings. The stakeholders were also asked to provide their level of
satisfaction with the responsiveness of ISO-NE’s Demand Response Department. Once
again, the 1 to 3 scale was used to measure familiarity and the 1 to 5 scale was used to
measure satisfaction with 1 being the best rating and 3 or 5 being the worst depending on
the type of question. Table 4-3 provides the results of the program delivery survey
questions, which shows that once again the level of satisfaction was quite good with all of
the ratings being positive (less than 3.0). The best ratings were given for the
responsiveness of the Demand Response Department (1.76) and the marketing support
(1.94), which were both very good. The marketing materials received the lowest rating in

this group of 2.41, but this rating is still quite positive.
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Familarity Satisfaction
Topic N Rating N Rating
Marketing Support 21 1.9 15 1.94
DR Marketing Materials 21 1.8 17 2.41
DR Working Group Meetings 21 1.6 16 2.31
Responsive of DR Department 21 1.76

Table 4-3: Results of Program Delivery Survey Questions

In general, the comments were all quite positive for the program delivery processes with
ISO-NE Demand Response Department receiving praise for being “very customer
focused” and “always available to support anyone who requests their help in explaining
the ISO programs or processes.” There were some comments that suggested that
marketing materials and customer tools might need to be updated to reflect a recent
change in energy prices. In addition some state regulators wanted to know how to obtain

copies of the material.

Finally, stakeholders were asked about their level of familiarity with the Day-Ahead
Option and whether they were planning to enroll any of their resources in the Day-Ahead
Option. This question was only relevant to 12 of the 21 respondents because they were
Enrolling Participants or Demand Response Providers. On average they indicated that
they were somewhat familiar with the Day-Ahead Option (2.0 on the 1 to 3 scale). Four
of the twelve respondents indicated that they would consider enrolling resources and the
remaining two thirds indicated that they would not. The primary reasons cited for not
enrolling resources was a lack of program understanding, the complexity of the program
and the fact that customers have not expressed interest. Interestingly, only two
respondents indicated that they were very familiar (1.0 on a scale from 1 to 3) with the
Day-Ahead Option and both of them indicated that they would consider enrolling
resources. This would seem to indicate that more education is necessary in order to

convince stakeholders to promote the Day-Ahead Option.
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4.4 Customer Satisfaction and Characterization

Customer surveys were designed and administered in mid-September and early October
2005 to measure program participants’ satisfaction with the program and its key features,
to characterize the population of program participants, and to identify customers’ demand

response capabilities.

There were two distinct surveys developed: one for customers that participated in the
Price Program and one for customers that participated in the Reliability Programs. A
total of 673 surveys were distributed using a web-based survey tool. A total of 122

customers completed the survey.

Table 4-4 provides a breakdown of the number of surveys that were sent to each group,
the number of completions, and the response rate for each.” The Reliability Program
participants’ response rate was the highest at 29%, while the Price Program participants’
response rate was 13%. The overall average response rate of 18% is comparable with
that of last year’s survey. It is important to note that although the survey completion rate
decreased this year particularly for the Reliability Programs, more surveys were sent out
and the actual number of complete surveys increased by about 39% - from 88 completes

in 2004 to 122 completes in 2005.

Program | NetSurveys | complete | Complete | 2004 Complete
Sent Ratio Ratio
Reliability 224 64 29% 42%
Price 449 58 13% 16%
Total 673 122 18% 21%

Table 4-4: Survey Frame and Response Rates

* The survey was distributed by e-mail and follow-up e-mail reminders were sent out during the
administration period. Customers were provided a link to the survey, which was completed on-line. The
customers had the ability to leave the survey at any point and come back where they left off.
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