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1

EXECUTIVE SUMMARY

Eversource, National Grid, Unitil, and Cape Light Compact (CLC) (the Program Administrators, or PAs) administer
commercial and industrial (C&I) active demand reduction (ADR) initiatives (commonly known as demand response) in
Massachusetts and Connecticut. There are two distinct program designs: National Grid’s, Unitil’s, and CLC’s current
program is designed to reduce energy costs during peak periods, and Eversource’s program considers cost but also has as
an explicit objective reducing peak period carbon emissions.
The following PAs and states are included in this evaluation study and report:
Eversource MA

•
•

Eversource CT

•

National Grid MA

•

Unitil MA

•

CLC MA

Customers are only paid to the extent that they actually reduced demand. There are no direct penalties for nonperformance, but non-performance reduces incentives proportionally. Table 1-1 shows the Winter 2020-2021 initiative
demand reduction enrollment by state and PA as well as the aggregate reported demand reductions (includes all customers
including those without sufficient data for evaluation) and participation.
Table 1-1. Winter 2020-2021 C&I active demand reduction initiative goals and participation
Demand Reduction (MW)
Program Administrator

State

Enrolled 1

Number of
Curtailment Service
Providers

Reported

Number of
Participating
accounts

MA

30.36

14.35

9

139

CT

29.31

9.15

3

72

Subtotal

59.68

23.50

9

211

National Grid

MA

63.20

30.50

5

155

Unitil

MA

-

-

-

-

CLC

MA

.54

.40

3

5

Total

123.42

54.40

11

371

All

MA

94.11

45.25

11

299

Eversource

CT

29.31

9.15

3

72

Total

123.42

54.40

11

371

Eversource

1.1

Study objectives

The primary objectives of the evaluation are to independently assess program initiative impact and identify process
improvement opportunities. Impact is measured as the average demand reduction during specified events. The evaluation

1 These are the nomination values provided by the CSPs
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also estimates the GHG emissions reductions achieved for Eversource’s customers since that was a secondary goal of the
Eversource program.

1.1.1

Evaluation methodology, framework, and performance metrics

For the process evaluation, the team reviewed initiative materials and conducted in-depth phone interviews with PA program
managers and Curtailment Service Providers (CSPs). Discussion focused on barriers and satisfaction. The team also
conducted a mixed-mode (online and phone) participant survey with a sample of 51 customers to meet the target of 10%
relative precision at 90% confidence.
The baseline for determining impacts of interruptible projects is based on a rolling baseline methodology. The rolling
baseline is a methodology for estimating load on a given day by constructing a pool of the most recent eligible days (10 nonholiday weekdays for weekday events for ISO-NE) prior to the day being estimated. The baseline shape is constructed by
averaging load across the eligible days, for each interval. This baseline can either be additively adjusted symmetrically or
asymmetrically. The adjustment period is the hour beginning two hours prior to the event period. The primary impact
evaluation metric for interruptible projects was calculated based on the rolling baseline with symmetric adjustment, described
below. The evaluators also calculated and reported results based on the rolling baseline with asymmetric adjustment since
that is the baseline that is used by the PAs for settlement.
•

Rolling baseline with additive symmetric adjustment. This rolling baseline with additive symmetric adjustment shifts
the unadjusted rolling baseline by the magnitude of the difference between baseline and actual facility load on the event
day in the hours immediately before the event (baseline adjustment period). The adjustment is intended to account for
weather-related and other differences of load magnitude on control versus non-control days in a simplified manner. 2
Purpose: Evaluators reported impact using the symmetrically adjusted baseline as the primary impact result.

•

Settlement baseline – Rolling baseline with asymmetric adjustment. Event-day baseline adjustments can increase
or decrease the magnitude of the baseline. One possible reason for a negative adjustment is an early response to an
event that decreases load during the adjustment period. 3 The PAs do not want to penalize this behavior. “Asymmetric”
refers to the settlement procedure only making the daily load adjustment if facility load is higher in the hours preceding
the event than on the baseline days and not making an adjustment if load is lower. This baseline calculation is favorable
to customers and is the baseline calculation used by PAs for settlement. Purpose: Evaluators reported impact using this
basis for comparison with program-reported results. If there is missing data or data discrepancies that cannot be
resolved, the evaluators made this comparison only for the accounts that have sufficient data and could be validated by
the evaluation team. This metric will be called ‘Validated Reported Results’.

Table 1-2 shows the summary of performance metrics. The baselines that were analyzed serve as the basis for these
metrics. The load reduction is the difference between these baselines and the actual observed load during the event hours.

2 For example, the event day might be several degrees hotter (during the summer) or colder (during the winter) than the baseline days. Event day facility load both before

and during the event period may be higher or lower than the unadjusted load shape. Adjustment recognizes the difference in load and increases or decreases the
calculated savings accordingly.
3 For example, an industrial facility may cancel a shift or operation on a control day or a commercial facility may initiate desired controls such as shutting off lights an hour in
advance of the event in order to ensure that they have load fully reduced by the time the event starts. In such cases, “adjustment” would be negative and reduce
savings by the amount load appears to be reduced. The asymmetric adjustment also does not negatively adjust the baseline when the customer is shut down for
reasons other than the event day such as routine maintenance.
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Table 1-2. Summary of performance metrics for C&I interruptible
Result
Enrolled

Enrolled Capacity

Settlement

Reported Asymmetric
kW

Validated Asymmetric
Evaluated Asymmetric

Impact

Evaluated Symmetric

Retrospective
Realization Rate

Evaluated Symmetric /
Reported Asymmetric

Accounts

Description
Nominated or expected load reduction for each enrolled asset.
Generally estimated by CSP.
Load reduction reported by initiative implementers corresponding to
incentive payments. An asymmetrically adjusted baseline forms the
basis for settlement or determination of the load reduction provided by
an enrolled asset. Details of calculation method vary by PA.
Evaluation team’s attempt to replicate load reduction reported for
settlement.
Load reduction impact estimate using an asymmetrically adjusted
baseline.
Load reduction impact estimate using a symmetrically adjusted
baseline. Best impact estimate of initiative as a whole.
Ratio of evaluated symmetric load reduction to load reduction reported
for settlement. This realization rate can be used to calculate load
reduction impact for the initiative in future seasons, absent evaluation.
Number of assets evaluated and included in results.

For targeted battery storage projects, the impact evaluation was based on battery meter data. Event demand reduction is
equal to the battery load (charge/discharge) during event hours. No settlement day-based baseline is used. The battery load
is negative when discharging and positive when charging. The evaluators also calculated the seasonal battery efficiency,
which is the ratio of the total battery discharge divided by the total battery charge over the season.

1.2

Summary of impact results

The evaluators calculated the average load reduction across all enrolled customers during the event called by the PAs. One
event was called in the 2020-2021 winter season on 1/29 from 4:00 to 7:00 p.m. The sections below show the findings and
key takeaways from the impact evaluation.

1.2.1

C&I interruptible

The evaluation team recommends using a symmetrically adjusted baseline (called Evaluated Symmetric in the tables below)
as the evaluation load reduction estimates.
Table 1-3. Impact summary
Results
Enrolled
Settlement

kW

Impact
Retrospective Realization
Rate
Accounts
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Enrolled Capacity

Eversource
CT
29,110

Eversource
MA
26,947

Cape Light
Compact
MA
260

National
Grid
MA
57,414

Reported Asymmetric
Validated Asymmetric

8,966
8,966

13,128
13,149

246
246

29,196
29,196

Evaluated Asymmetric
Evaluated Symmetric

8,050
5,888

11,446
9,299

218
159

31,542
19,238

Evaluated Symmetric /
Reported Asymmetric

65.7%

70.8%

64.5%

65.9%

71

121

4

143
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Table 1-4 shows the state-level impact summary.
Table 1-4. State-level impact summary
Result
Enrolled

Enrolled Capacity

Settlement

MA
84,621

8,966
8,966

42,570
42,591

8,050
5,888

39,188
28,696

65.7%

67.4%

1

3

Reported
kW

Validated
Asymmetric

Impact
Retrospective Realization
Rate
Program Administrators

1.2.2

CT
29,110

Symmetric
Evaluated Symmetric /
Reported Asymmetric

Battery storage

There were ten battery storage systems enrolled in the initiative during the winter 2020-2021 season. Table 1-5 summarizes
the battery storage impact summary. The performance of the batteries resulted in a realization rate of 100%.
Table 1-5. Battery storage impact summary

Result
Enrolled Capacity
kW
Retrospective
Realization Rate
kWh
Ratio

1.2.3

Targeted Battery Storage
Cape Light
Compact
Eversource
MA
MA
280
108

Daily Battery Storage
Eversource
MA
2,600

Eversource
CT
200

Reported Performance

156

109

817

184

Evaluated Performance
Evaluated Performance
/ Reported Performance
Net Energy

156

109

817

184

100%

100%

100%

100%

215

3,868

88,396

5,754

Discharge / Charge

68.6%

57.9%

43.3%

83.2%

Accounts

1

2

6

1

Overall carbon reduction

Table 5-13 provides carbon reductions in metric tons due to each DR technology for each event hour on January 29th. While
all technologies examined reduce grid demand and accompanying emissions, participants that operate diesel generators in
their reduction strategy increase their emissions. This is shown in the three columns under generators which show the grid
emissions reduction, diesel generator operation increase, and net combined impact. Despite this negative impact, we
estimate the total carbon reduction of all combined technologies is 15.75 metric tons.
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Table 1-6. Metric tons of carbon impacts by DR technology and overall

Hour
ending
17
18
19
Total

1.3

Battery
Reduction
0.55
0.48
0.58
1.61

Interruptible
Reduction
6.25
4.87
4.47
15.59

Interruptible - Generators
Reduction
Increase
Net
0.84
-1.23
-0.39
0.64
-1.25
-0.61
0.78
-1.23
-0.45
2.25
-3.71
-1.45

Total
6.40
4.74
4.61
15.75

Evaluation conclusions and recommendations

The overarching conclusions and recommendations from combined process, market, and impact activities are provided
below.
Conclusion 1: Feedback from nearly all sources suggests that settlement and payment continue to be a significant
administration challenge. Customers reported being unclear of when they expected to receive payment. CSPs indicated that
5% of all the accounts have issues, which result in delays in payment for the entire population of participants. There was an
increase in communications between Eversource and CSPs regarding data quality and missing data which was reported to
be helpful by the CSPs. One CSP reported that they had issues with mismatches in data between their meters and National
Grid’s meters, however, there is no uniform process for data reconciliation. Similarly, Eversource also had difficulties with
missing data and connectivity issues.
Recommendation 1: The PAs should set clear expectations with CSPs and customers regarding settlement and payment
timelines.
Recommendation 2: Establish data quality rules with clear outcomes for poor quality and/or insufficient data. The
evaluation team can provide a list of rules as a starting point to develop consistent rules. Establishing firmer expectations or
providing incentives are two possible means of motivating and ensuring clean and complete data in future initiative cycles
and minimizing back and forth with CSPs during the settlement process.
Conclusion 2: Reporting of shutdown days continues to be inconsistent. Customers and CSPs are failing to report
shutdown days to the PAs.Program rules include a limited number of announced shutdown days, communicated in advance.
The benefit to participants and PAs is that the shutdown day can and should be excluded if it occurs during the baseline
period, to avoid an inappropriate reduction in baseline load and claimable load reduction. Disclosing it in advance of what
turns out to be an event day is beneficial as well, as it may prevent the penalty of no/low-DR performance and helps PAs
and CSPs manage event day expectations. Per interviewed PA staff, neither customers nor CSPs reported any shutdown
days in the 2020-2021 winter season. The CSPs & PAs stated that no shutdown days had been reported, however, three
surveyed Eversource customers stated that they had planned for and reported shutdown days. No surveyed National Grid
and CLC customers mentioned shutdown days.
Recommendation 3: Remind and educate the CSPs of the shutdown allowance and reporting rule. The PAs could ask for
pre-planned shutdown information during the application/enrollment process. .
Consideration 1: The PAs could also adapt the shutdown rule to account for unexpected facility shutdown events.
Currently, to exclude a facility shutdown day from a customer’s baseline calculation, that customer or their CSP must notify
their PA at least seven days in advance of the shutdown. It is difficult to do this when a facility shutdown event is
unexpected. Consider the implications of allowing customers or CSPs to report the shutdown to the PA 24 hours before an
event is called.
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Conclusion 3: The PAs use an asymmetrically adjusted 10-of-10 baseline for settlement while evaluation uses a
symmetrically adjusted 10-of-10 baseline to measure evaluated impact of the program on the grid. The PAs settlement
methodology zeroes out negative performance at an event-level. Since non-performers would statistically have equal
positive as well as negative baseline errors, zeroing out the negatives at an event level introduces an inherent bias into the
demand reduction estimates.
Consideration 2: The PAs should consider modifying their settlement methodology. There are at least two options for
possible changes to settlement methodology:
•

Adopt a program settlement baseline that is similar to the ISO-NE’s settlement baseline, i.e., the symmetrically adjusted
10-of-10 baseline. This option would be most accurate but would likely increase recruiting challenges. Alternatively, this
change could be made for program reporting purposes but not customer payment purposes, leaving program the
payment basis as is, asymmetric, but the inconsistency would increase administration challenges.

•

Continue to use the same asymmetric baseline, however, rather than zero out negatives at an event level for each
customer, average the reductions, both positive and negative, across all events in a season and zero out negatives at
the season level. This change would keep customers from having to pay the program for negative reduction and would
still result in a baseline with upward bias but would reduce the methodological bias compared to the existing calculation
methodology. It would not have helped the Winter 2020-21 season as a single event was called, but it would help for
multiple event seasons.

Recommendation 4: Use the retrospective realization rates in Table 1-3 for the C&I interruptible participants and the
retrospective realization rates in Table 1-5 for the battery participants when populating the BCR for this program.
Conclusion 4: PAs aren’t marketing the winter program because they don’t claim any benefits from winter performance.
Some surveyed customers indicated that they would have liked more than one event so that they could make up for lack of
performance in one event during another event. This is contrary to traditional wisdom that less events would be preferred by
customers. Anecdotal evidence suggests that the existence of winter program helps CSPs recruit for the summer program.
Consideration 3: Provide more clarity on the purpose of the winter program, including possibly studying the effect that the
existence of the winter program has on summer recruiting for CSPs as a claimable benefit. CSPs have stated that they are
less clear on the triggers for winter programs, so more clarity would likely also benefit their recruiting and performance.
Conclusion 5: Natural gas is the marginal fuel a vast majority of the time. Fifty to sixty percent of all-natural gas power
plants are dual-fired plants and so, when natural gas constraints occur (when it gets cold, typically), oil becomes more
marginal.
Conclusion 6: The likelihood of oil and coal presence in the marginal supply stack increases as outdoor air temperatures
drop, accompanied by an increased likelihood of achieving carbon reductions if events are called during extremely cold
temperatures. Five coal startups occurred at temperatures below 10° with an average run time of 132 hours. Twenty-nine oil
startups occurred at temperatures below 10° with an average run time of 73 hours. It is important to note that coal, the
energy source with the greatest likelihood of long duration loads below 10°, is gradually leaving the ISO-NE supply stack
entirely.
Recommendation 5: Call additional winter events and modify the trigger to focus on extremely low temperatures when the
possibility of achieving higher carbon emissions reductions is elevated. This would have two benefits: it would give
participants multiple opportunities to make up for non-performance since some customers are limited by production needs
and may not be able to perform during every event. The second benefit is that calling events during the coldest days would
increase the chances of a natural gas constraint, which in turn would increase the likelihood that oil is on the margin with its
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attendant carbon emissions. Calling one event, as was the case this winter, caught oil as a very low marginal resource (2%
of one hour), thereby minimizing carbon impacts of the event.
Conclusion 7: National Grid has rules that cap the maximum claimable load reduction based on the baseline day load.
While this cap works for traditional curtailment customers, behind the meter generators can often achieve higher load
reductions depending on their deployment strategy.
Consideration 4: Consider studying the pros and cons of claimable load reduction caps since the existence of behind the
meter generation could allow for higher reductions, but would also make gaming easier with a day ahead notification as
used by the program..
Conclusion 8: There is evidence from the secondary research performed in this study that that suggests DR as part of a
broader set of system activities aimed at reducing emitted greenhouse gases, can produce reductions greater than
implementing them individually. Coordinated efforts among stakeholders and policy makers that center on enabling off-peak,
low-carbon, ramping renewable generation on the margin are likely to have the most success in reducing emissions from the
electric grid beyond the singular pursuit of demand response.
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2

GLOSSARY

ISO-NE maintains a manual of definitions and abbreviations at m35_definitions-and-abbreviations_rev36_20151112.pdf
(iso-ne.com). The Peak Load Management Association (PLMA) has a demand response glossary available at Microsoft
Word - PLMADR _Acronyms&Glossary_053117.docx (peakload.org). Additional definitions are below.
Economic Dispatch Model. Every 5 minutes, ISO NE selects resources to provide the right amount of energy to meet
regional demand. This model chooses the least expensive resources to meet that demand and can include assets such as
generators, electricity imports, and/or demand resources, among other market participants.
Supply Stack. This refers to the stacking of supply offers from lowest to highest price (sometimes also called the bid stack).
The supply stack is then used to guide the use of the least expensive energy needed to satisfy electricity demand.
Contingency and Reserve. This refers to backup capacity that can come online in the event that demand for energy
exceeds available levels of supply. This is effectively an insurance policy that ensures electricity continues to flow in the
event of any unexpected generator and/or transmission outages or other contingencies.
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3

INTRODUCTION

This section details each PA’s initiative design and the evaluation study objectives.

3.1

Initiative design summaries

Eversource, National Grid, Cape Light Compact, and Unitil (the Program Administrators, or PAs) administer active demand
reduction (ADR) initiatives, commonly called demand response (DR) initiatives, in New England. These initiatives offer
incentives to customers that reduce peak demand. This evaluation focuses on the Commercial and Industrial (C&I)
interruptible and battery storage initiatives implemented in Massachusetts and Connecticut in the winter of 2020-2021. Table
3-1 summarizes the enrolled and reported reductions along with the number of curtailment providers and participating
accounts by program administrator and state.
Table 3-1. Winter 2020-2021 demand reduction initiative enrollment and reported goals
Demand Reduction (MW)
State

Enrolled 4

Reported

Number of
Curtailment Service
Providers

MA

30.36

14.35

9

139

CT

29.31

9.15

3

72

Subtotal

59.68

23.50

9

211

National Grid

MA

63.20

30.50

5

155

Unitil

MA

-

-

-

-

CLC

MA

.54

.40

3

5

123.42

54.40

11

371

Program Administrator

Eversource

Total

Number of
Participating
accounts

All

MA

94.11

45.25

11

299

Eversource

CT

29.31

9.15

3

72

123.42

54.40

11

371

Total

3.2

Study objectives

The primary objective of the impact evaluation was to verify proper baseline application and impacts generated by the ADR
Initiatives for the 2020-2021 winter season. The objectives of the winter 2020-2021 process evaluation were to determine
customer and PA satisfaction and understand barriers to implementation and PA and vendor success in delivery. In
particular, the evaluation revisits two issues identified during the summer 2019 season evaluation: Delays in incentive
payout and a lack of communication of shutdown days to the PAs. The evaluation also identifies implementation changes
made due to lessons learned during the summer season and any winter-season-specific implementation successes or
challenges. An additional objective of this evaluation was to better understand the GHG emissions impacts of the
Eversource program. The impact and process evaluation objectives are summarized in Table 3-2.

4 These are the nomination values provided by the CSPs
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Table 3-2. Evaluation objectives
Impact

Across All Utilities

Process

Magnitude of reductions for each solution: What is the
demand reduction each solution can provide? How
does this compare to enrolled and vendor-reported
reduction levels?

Satisfaction: Are the participants satisfied with their
experience? Are they satisfied with the solution? What could
be improved? Are customers satisfied with the incentive
payment, including time of receipt?

Magnitude of reductions in aggregate: How much was
demand reduced?

Barriers: Are there technological, economical, or regulatory
barriers to deployment of ADR initiative during the winter
season? Are these barriers affecting number of participants or
load reduction per participant? How can these barriers be
overcome?

Efficiency: What are the net energy usage implications
of the C&I energy storage solution?

PA satisfaction: How satisfied are the PAs with their groups
of vendors? Were there any challenges or notable successes
in design, recruitment, data collection, and data transfer
between the parties?

Fuel mix: What is the typical power generation fuel mix during cold snaps in ISO-NE territory, and specifically in MA
and CT?
Eversource (MA & CT)
Carbon impact: What is the carbon impact of the avoided kW achieved by the program? What are the carbon impacts
of the different participating technologies?
Market research: What are the program design best practices in other jurisdictions that offer emissions-based DR
programs?
Triggers: What would be the appropriate proxy indicators for DR event triggers during cold snaps that would have
the most impact on reducing carbon emissions?
Enrollment to reduce “dirtier” peaker plants: Is it possible to predict a minimum DR program enrollment capacity in
MW necessary to materially reduce the use of oil-fired or coal-fired power plants during cold snaps?
Oil and coal-fired power plants: Are there any technological considerations that must be considered for a DR
program with emissions reduction objectives? For example: If DR keeps an oil or coal plant from coming online on a
peak day, it could have emissions impact during subsequent non-peak days or weeks if the plant typically commits
to longer periods of generation once started.
Unitil (MA)
Program design for customer benefits: What are the non-avoided cost benefits from DR programs? Specifically, are
there ways we can design DR programs to reduce Regional Network Service (RNS) or Local Network Service (LNS)
charges and monthly peak charges for customers?

DNV – www.dnv.com

January 18, 2022

Page 10

4

METHODOLOGY AND FRAMEWORK

4.1
4.1.1

Process evaluation methodology
Documentation review and stakeholder interviews

The evaluation team reviewed ADR Initiative materials, program applications (including PA Terms and Conditions) and PA
websites to inform the development of data collection instruments and the interpretation of findings. Following this review, in
early May, the team conducted in-depth interviews with ADR Initiative implementation staff at Eversource, National Grid and
Cape Light Compact. Later in May and into early June, the team interviewed ADR Initiative program managers at the four
approved curtailment service provider (CSP) firms. These discussions focused on the delivery of the program to participants
and satisfaction of all parties with program processes, as well as identifying barriers to implementation and areas for
improvement. Although Unitil did not have participants during the winter 2020-2021 season, the team interviewed an
implementer at Unitil to discuss winter season enrollment barriers and objectives for subsequent program years.

4.1.2

Participant surveys

The team conducted a mixed-mode (online and phone) participant survey in June and July of 2021. Most Eversource and
National Grid participants participated through a CSP; the team obtained contact information for those participants through
their CSPs. Eversource provided contact information for participants who did not participate through CSPs, and Cape Light
Compact provided contact information for all participants. The team sent six email invite communications to all participants to
maximize response rates. The team also made over 120 calls to participants to further boost survey completions. Table 4-1
shows the number of participant contacts broken down by PA and corresponding survey response rates.
Table 4-1. Participant survey response rates by PA

Winter 2020-2021
Participant Contacts

PA

Response Rates

Eversource

209

29

14%

National Grid

123

18

15%

4

1

25%

336

48

N/A

Cape Light
Compact
Total
a

Survey
Completesa

Upon starting analysis of the survey responses, the team found three completes that could not be used due to the quality
of responses (e.g., too many “don’t know” responses given, too many questions left blank), bringing the number of
completes to 48.

The team had a target of reaching approximately 55 participants. The team achieved 48 survey completes. As can be seen
in Table 4-1, overall response rates were low. Low response rates indicate the possibility of a nonresponse bias.
Nonresponse bias is introduced when respondents differ in a significant way from non-respondents. Although the team could
not test for this bias due to lack of non-respondent data, the bias is still a concern. Additionally, discussions with CSPs
suggested that overall participation in both ADR Initiative seasons in 2020 were low due to the COVID-19 pandemic. Low
participation rates could also have affected the response rates for this survey. Thus, the reported survey findings should be
interpreted with caution.

4.2

Impact evaluation methodology and framework

This section explains the methodologies used to evaluate the interruptible and battery storage efforts. The interruptible
section begins with a discussion of the challenges of estimating load reduction to provide context for the subsequent
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discussion of the baseline methodologies used in this evaluation and their implications. The next section defines the results
that are presented and discussed throughout the findings, while the data section describes the evaluation team’s uniform
calculation method established for consistency in evaluated results and discusses issues related to baseline and load
reduction estimation with respect to missing interval meter data. The battery storage section defines load reduction, net
energy impact, and seasonal efficiency.

4.2.1

Interruptible impact methods

A fundamental difference between load reduction and generation as a resource is that it is not possible to directly observe
load reduction. Instead, measurement of load reduction necessarily means comparing observed load to a counterfactual
load that would have occurred in the absence of dispatch. This counterfactual or baseline load is the estimate of load had
the demand response event not occurred. The difference between the estimated baseline load and observed load during an
event is the load reduction. Load reduction is positive if the observed load is less than the baseline and negative if the
observed load is greater. Both the calculated baseline load and calculated load reduction are estimates and necessarily
subject to some estimation error. In the discussion that follows, we review the baseline methodologies used in this
evaluation to estimate load reduction, load characteristics that affect estimation accuracy, and the relationship between
program design, baseline choice, and accuracy. The evaluation team estimated impacts of the ADR initiative by comparing
observed load on event days with two different baselines. The ADR initiative uses an asymmetrically adjusted 10-of-10
baseline as the basis for settlement, the determination of load reduction provided by an enrolled asset corresponding to
incentive payments. These load reduction estimates are reported by initiative implementers. The symmetrically adjusted 10of-10 baseline is the basis for the evaluation team’s estimate of load reduction. Each baseline’s calculation method,
advantages, and disadvantages are described below.

4.2.1.1

Unadjusted 10-of-10 baseline

This baseline collects load data for the 10 most recent eligible non-event days preceding the event day. For the ADR
initiative, eligible days include non-holiday weekdays. The unadjusted baseline shape is calculated as the average load for
each interval (e.g., hour) of the day over those 10 days.
When there are missing load data for the 10 most recent days, additional lookback days may be used to collect 10 days with
sufficient data to estimate baseline load. Details of the calculation method (e.g., use of lookback days, missing data criteria
for lookback days, etc.) for reported results vary by PA and are discussed in the settlement validation appendix. For
consistency across evaluation results, the evaluation team applied a uniform calculation method, discussed later, in
the data section.
The unadjusted 10-of-10 is an effective baseline for customers with consistent, non-weather-sensitive load, has minimal
potential for manipulation, and allows for preparatory decreases in load (e.g., shift cancellation) without affecting baseline
load or load reduction estimates. However, the unadjusted 10-of-10 is inflexible for customers with weather-sensitive load
or load variability unrelated to weather and can substantially understate baseline load and load reduction for customers with
weather sensitivity if events are called on extreme weather days. The ADR Initiative calls events to mitigate load during peak
hours, which is correlated with extreme weather.

4.2.1.2

10-of-10 baseline with symmetric additive adjustment

The symmetrically adjusted baseline shifts the unadjusted 10-of-10 shape to meet observed load during pre-event hours
(adjustment window). For an additive adjustment, the magnitude of the shift for each interval of the day equals the difference
between observed load and the unadjusted baseline load during the adjustment window. Symmetric adjustments may shift
the unadjusted baseline upward or downward. However, the resulting baseline may not be less than zero, except for
customers where behind-the-meter generation is present.
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To the extent that load during the adjustment window is representative of non-event day load, a symmetrically adjusted
baseline generally improves the accuracy and reduces bias of baseline load estimates for customers with weather-sensitive
load or load variability unrelated to weather. The ADR initiative provides day-ahead event notification; the adjustment
window is the hour beginning two hours prior to the event period. The use of day-ahead event notification increases the
potential that load during the adjustment window will be affected by the event. Examples of event-related effects during the
adjustment period include pre-heating, shift cancellation, and baseline manipulation. This baseline can substantially
understate baseline load and load reduction for customers that decrease load in preparation for an event (e.g., shift
cancellation), while pre-heating can inflate the adjusted baseline for weather-sensitive customers. Deliberate ramp-ups may
be difficult to distinguish from preparatory load changes. Same-day notification reduces the potential for baseline
manipulation and variability due to preparatory load changes. ISO-NE uses this baseline with day-of-event notification.

4.2.1.3

10-of-10 baseline with asymmetric additive adjustment

This baseline only applies the additive adjustment if it will increase the baseline. If the adjustment is negative, the
unadjusted baseline is used. The asymmetric adjustment helps in program implementation because it avoids penalizing
customers that decrease load in preparation for an event (e.g., shift cancellation). However, it fails to shift customer
baselines downward where load is less than baseline due to event-day conditions unrelated to legitimate actions taken in
preparation for the event. This introduces an upward bias in initiative-level load reduction estimates to the extent that
observed load is representative of non-event day load and less than the unadjusted baseline during the adjustment window.
Note, customers with highly variable loads uncorrelated with weather are a challenge for any demand response evaluation
methodology. For these assets, load reduction estimates and incentives may have limited relationship with actual load
reduction actions taken. The upward bias inherent in the asymmetrically adjusted baseline increases the potential for
misalignment of incentives and actual load reduction actions taken. Establishing a formal criterion for predictability of an
asset’s load is one way to ensure that incentives are aligned with demand reduction actions taken and improve costeffectiveness.

4.2.2

Guide to interruptible evaluation results

The baselines defined in the previous section serve as the basis for the results. Table 4-2 defines the results that are
presented and discussed throughout the findings.
Table 4-2. Description of impact evaluation results
Result
Enrolled

Settlement

Impact

Realization Rate
Accounts
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Enrolled Capacity

Reported Asymmetric
kW

Validated Asymmetric
Evaluated Asymmetric
Evaluated Symmetric
Evaluated Symmetric /
Reported Asymmetric

Description
Nominated or expected load reduction for each enrolled asset.
Generally estimated by CSP.
Load reduction reported by initiative implementers corresponding to
incentive payments. An asymmetrically adjusted baseline forms the
basis for settlement or determination of the load reduction provided by
an enrolled asset. Details of calculation method vary by PA.
Evaluation team’s attempt to replicate load reduction reported for
settlement.
Load reduction impact estimate using an asymmetrically adjusted
baseline.
Load reduction impact estimate using a symmetrically adjusted
baseline. Best impact estimate of initiative as a whole.
Ratio of evaluated symmetric load reduction to load reduction reported
for settlement. This realization rate can be used to calculate load
reduction impact for the initiative in future seasons, absent evaluation.
Number of assets evaluated and included in results.
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Differences between the reported and validated results reflect the evaluation team’s inability to replicate some aspect of the
calculations used to estimate reported settlement load reduction. The calculation method for the reported asymmetric results
varies by PA. The calculations used by the evaluation team to validate the reported results vary correspondingly. The steps
taken to replicate the settlement baseline and validate reported load reduction estimates, along with issues encountered
during validation, can be found in the settlement validation appendix.
The evaluated asymmetric and symmetric impact results use a consistent set of calculations determined by the evaluation
team and are based on the same unadjusted 10-of-10 baseline shape.
The asymmetric impact results use the initiative’s settlement baseline framework. Differences between the validated
settlement results and asymmetric impact results reflect the differences in purpose, retail settlement versus impact
estimation. For example, negative load reduction estimates are reported as zero for settlement since incentives are not
punitive for enrolled assets that do not demonstrate load reduction. Alternatively, for impact estimation, negative load
reduction estimates represent natural variation in random estimation error. Baseline estimation error is always present but is
only evident when negative load reduction is estimated, which is only likely to occur for an asset that did not take any load
reduction action. The removal of negative load reduction estimates introduces an upward bias in initiative-level load
reduction estimates. The asymmetric impact results also demonstrate the need for consistent calculation methods across
PAs.
The symmetric impact results represent the best impact estimate of load reduction for the initiative as a whole. The
symmetrically adjusted baseline is an accurate estimate of baseline load and load reduction to the extent that pre-event load
is representative of a non-event day. Because it is adjusted to actual load just prior to the event period, it is the least variable
estimate of load reduction when compared to other baselines.

4.2.3

Interruptible data

This section describes the evaluation team’s calculation method established for consistency in evaluated results across PAs,
summarizes the quality of the interval meter data received, and explains how it relates to the results presented in the impact
evaluation findings.
For baselines, when there are missing load data for the 10 most recent days, additional lookback days may be used
to collect 10 days with sufficient data to estimate baseline load. If more than 25% of intervals are missing load data during
any hour between 2 p.m. to 3 p.m. and 4 p.m. to 7 p.m., an additional lookback day is used as a substitute. Additional
lookback days are used until each of the 10 baseline days has met this criterion. The maximum lookback for baseline days
is 42 calendar days. Ultimately, if either the baseline days or the event day are missing load data in more than 20% of
intervals during the adjustment window and event period, the data is considered insufficient to estimate load reduction.
The evaluation team used enrolled capacity, reported performance, and interval meter data provided by the PAs for the
impact evaluation. Table 4-3 summarizes the extent to which missing load data affected the results. For each PA and
state, the total enrolled capacity, reported asymmetric results, and number of associated assets or accounts are split into
two sub-categories: accounts for which the evaluation team has insufficient data, as defined in the paragraph immediately
above, to estimate event load reduction and accounts for which the evaluation team has sufficient data to estimate load
reduction.
For example, for the January 29th event, 6 Eversource Massachusetts accounts were missing load data for more than 20%
of intervals from 2 p.m. to 3 p.m. and 4 p.m. to 7 p.m. on the event day or across the corresponding baseline days (includes
attempt to use lookback days). These 6 accounts represent 335 kW of enrolled capacity and 44 kW of reported
performance. Conversely, the evaluation team received sufficient load data to estimate load reduction for 124 Eversource
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Massachusetts accounts with an enrolled capacity of 27,121 kW and reported performance of 13,377 kW. Ultimately, data
for 0.5% of enrolled capacity was insufficient.
The evaluation team received sufficient load data to estimate load reduction for all Eversource Connecticut and Cape Light
Compact Massachusetts on January 29th. Note, results presented in the impact evaluation findings do not include accounts
that the evaluation team cannot estimate load reduction due to insufficient data. The intent is to present apples-to-apples
comparisons.
Table 4-3. Data sufficiency by program administrator and state

Total

Eversource
CT
29,110

Eversource
MA
27,456

Cape Light
Compact
MA
260

National Grid
MA
63,205

Insufficient

-

509

-

5,792

Sufficient

29,110

26,947

260

57,414

Total

8,966

13,422

246

30,501

Insufficient

-

294

-

1,304

Sufficient

8,966

13,128

246

29,196

Total

71

130

4

155

Insufficient

-

9

-

12

Sufficient

71

121

4

143

Data/Assessment
Enrolled Capacity
kW

Reported Asymmetric
kW

Accounts

4.2.4

Interruptible settlement validation

This section describes the steps taken to replicate the settlement baseline and validate load reduction estimates reported
by initiative implementers, along with issues encountered during validation.
Table 4-4 shows the reported and validated load reduction. In addition, load reduction for the evaluated asymmetric
baseline is presented for comparison. Evaluated baselines require that each similar day included in the baseline pool has
load values for at least 75% of intervals for each hour from 2 p.m. to 3 p.m. and 4 p.m. to 7 p.m. (adjustment window and
event period times evaluated in this study). If more than 25% of intervals are missing for any hour from 2 p.m. to 3 p.m. and
4 p.m. to 7 p.m., the day is considered ineligible for inclusion in the baseline pool and the next most recent similar day will be
considered for baseline eligibility. The maximum lookback for baseline pool days is 42 calendar days. Ultimately, no
more than 20% of intervals for the baseline or event day during the adjustment and event time periods may be missing for
the load reduction estimate to be considered valid.
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Table 4-4. Settlement validation summary
Result Type/Unit
Settlement
kW

Impact

Reported Asymmetric

Eversource
CT
8,966

Eversource
MA
13,128

Cape Light
Compact
MA
246

National Grid
MA
29,196

Validated Asymmetric
Evaluated Asymmetric

8,966
8,050

13,149
11,446

246
218

29,196
31,542

71

121

4

143

Accounts

To validate reported load reduction estimates, the evaluation team varied which holidays were considered ineligible
for inclusion in customer baselines and the missing data criteria for use of additional lookback days to collect 10 days with
sufficient data to estimate baseline load.
National Grid excluded Martin Luther King Day from customer baselines, whereas Eversource and Cape Light Compact did
not. Eversource used additional lookback days if any of the 10 most recent similar days were missing load values during all
intervals of any single hour from 2 p.m. to 3 p.m. and 4 p.m. to 7 p.m. National Grid used additional lookback days if one of
the most recent days was missing a load value during any interval from 4 p.m. to 7 p.m. The missing data criteria for Cape
Light Compact is unclear because interval meter data was complete for all accounts during the only event and associated
baseline days.

4.2.5

Interruptible load reduction estimation

The primary difference between the validated settlement results and asymmetric impact results reflects their differences in
purpose, retail settlement versus impact estimation. Performance incentives for the ADR initiative are based on average
event load reduction. Since incentives are not punitive for enrolled assets that do not demonstrate load reduction, negative
event load reduction is reported as zero. Alternatively, for impact estimation, negative load reduction estimates represent
natural variation in random estimation error. Baseline estimation error is always present but is only evident when negative
load reduction is estimated, which is only likely to occur for an asset that did not take any load reduction action. The removal
of negative load reduction estimates introduces an upward bias in initiative-level load reduction estimates as demonstrated
in Figure 4-1.
Figure 4-1 shows relative load reduction or the difference between symmetric baseline load and actual load, from 4 p.m. to 7
p.m. relative to actual load from 2 p.m. to 3 p.m. for the ADR initiative across winter non-holiday weekdays where the
evaluation team had sufficient data for at least 314 accounts. For each day, relative load reduction is shown for
all accounts with sufficient data (blue square) and two subsets, accounts with a positive load reduction estimate (green
triangle), and accounts with a negative load reduction estimate (yellow diamond).
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Figure 4-1. Symmetric baseline load reduction estimates

With the exception of the January 29th event day and one non-event day, symmetric baseline load is always within 5%,
greater or less than, of actual load for the ADR initiative. Across all the non-event days, the average relative
load reduction is 0.06%, indicating that across the season, the baseline is relatively unbiased. However, if only accounts with
positive load reduction estimates are considered, symmetric baseline load is always greater than actual load. Conversely, if
only accounts with negative load reduction estimates are considered, symmetric baseline load is always less than actual
load. Note, relative load reduction for accounts with a negative load reduction estimate on the January 29th event day
is similar to the non-event days, whereas relative load reduction for the accounts with positive load reduction estimates is
much greater on the event day than on non-event days. Total relative load reduction is also significantly greater on the event
day than on non-event days, as expected.

4.2.6

Battery storage methods

The impact evaluation used battery meter data as the measure of load reduction. Performance and payment are based on
average load reduction during event hours. The baseline is simply the battery not discharging, as opposed to using a
settlement day definition or other basis. The evaluation team also quantified the total energy consumed (charging), the total
energy discharged, the net energy impact of battery activity, and seasonal efficiency across the winter period of December
1st, 2020 to March 31st, 2021. The net energy impact of battery activity is defined as the total energy consumed minus the
total energy discharged. Season efficiency is defined as the ratio of total energy discharged to total energy consumed.
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4.3

Greenhouse gas emissions research methodology

Eversource’s Winter ADR program has an explicit objective of reducing peak period carbon emissions during cold snaps
that, theoretically, coincide with the use of “dirtier” fuel sources. The concept of using DR as a tool to reduce GHG emissions
is relatively new and of interest to all sponsoring PAs. The study approach was structured to build a base of knowledge
surrounding the carbon intensity of the grid, the operational tendencies of the most carbon-intense resources on the grid,
and the feasibility of predicting future carbon-intense periods to optimize deployment of ADR Program assets and maximize
the associated environmental benefits of the program.
To support these goals, the evaluators conducted the following activities as part of this task:
•

Studied lessons learned and best practices from other North American DR programs with similar GHG objectives

•

Compared modeled grid carbon intensity data from a third-party data provider with ISO-NE actual fuel mix and marginal
flag data to assess the third-party provider’s ability to estimate past and predict future GHG impacts from DR programs

•

Assessed differences in how “dirtier” fuel resources operate within the Independent System Operator of New England’s
(ISO-NE’s) bulk transmission grid. For example, are they more base load or peak providers? How often is each
resource the marginal energy provider? Do different technologies have typical or minimum run-hours per startup? How
much does each resource contribute to power production or emissions?

•

Analyzed both carbon intensity and resource operation data in relation to weather data to identify weather-dependency
correlations

•

Reviewed ISO-NE market operation documentation to improve understanding of the economic dispatch model as well
as deviations from the model that might result in more carbon-intense resources joining the fuel mix

•

Estimate the Eversource DR initiative’s winter 2020-2021 net GHG impact.

4.3.1

Background

A DR program will have little net GHG impact if it simply causes participants to shift their load from one period to another
when the marginal fuel source supplying the grid for both periods is the same. The GHG impact can be detrimental if the
participant uses an on-site generation (OSG) resource to reduce utility-metered load and the OSG generates more GHG
emissions per kWh than the utility resource it displaces. It can be positive if the converse is true.
There are two clear and common mechanisms and a third hypothesized one whereby DR will reduce net GHG emissions.
1.

If a participant meets DR obligations through load reduction rather than load shifting or generation (e.g., turning off the
lights), this will reduce net kWh use and associated GHG emissions.

2.

If the participant shifts load from a period when the marginal emissions source is higher to a period when it is lower, or
shifts to a fuel source that is less carbon-intense than the grid during a DR event, the DR effect will reduce GHG
emissions.

3.

Some grid generation sources are hypothesized to have effective minimum runtimes that extend beyond critical peak
durations. If DR can keep a dirtier generator from turning on at all to meet peak demand, it can reduce GHG emissions
not only during the DR period but for hours or days afterwards also. The potential GHG emissions avoided beyond the
event hours are called “bonus savings.”

In all these scenarios, the more carbon-intense the marginal fuel source is at the time a DR event is called, the more
impactful the program can be.
One goal of Eversource’s ADR Program is to reduce greenhouse gas (GHG) emissions. This goal is achieved when the
carbon intensity of a participant’s strategy for reducing their demand – whether through curtailment or on-site generation – is
less than that of the grid, on average, over the hours comprising the event. If curtailment involves load shifting, accounting
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for expected pre-cooling or subsequent rebound is necessary. It also tries to predict when the grid’s marginal generation is
most carbon intensive. If successful in this prediction, the PA can time calls for DR to maximize the GHG benefit.
The most carbon-intense resources on ISO-NE’s grid are coal and oil, with carbon intensities of 1.45 and 1.49 metric tons of
CO2 per MWh of energy generated, respectively, based on data from the region provided by the Energy Information
Administration (EIA). Natural gas is the next most carbon intense resource, at 0.43 Mt CO2 / MWh. 5 To maximize the
program’s impact, the PAs are interested in targeting events when coal and oil are online and marginal.
Natural gas is the most prevalent resource on ISO-NE’s grid, generating 52.5% of all GWh in 2020 6. It is also the most
prevalent resource for home heating in Massachusetts, with 51.1% of households using utility-provided gas. 7 Since demand
for natural gas for heating is largely considered “uninterruptible” (i.e., load that cannot be interrupted in an emergency) and
demand for natural gas for power generation is “interruptible,” it is possible for natural gas to become constrained as a grid
resource during periods of extreme cold, when heating demand takes precedence over electric generators’ demand for
natural gas. During these periods, the PAs have hypothesized that “dirtier” resources would be dispatched by ISO-NE to
make up for constrained natural gas supplies, thus increasing the carbon intensity of the grid during those periods and
providing an opportunity for ADR to reduce GHG emissions.
Eversource designed the ADR program to maximize its impact by targeting periods when natural gas was predicted to be
scarce and coal and oil were likely to be in the generation stack. Using that model, Eversource called a DR event on
January 29, 2021. On that day, the daily peak electricity demand was predicted to exceed the 17-18 GW range, real-time
LMPs would be in the $80-100/MWh range, temperatures would be persistently low, and it had a very high projected total
heating degree days (HDD). These observations, along with research indicating high natural gas pipeline utilization, high
natural gas compressor station utilization, and high natural gas prices, strongly suggested the possibility of carbon-intense
resources joining ISO-NE’s fuel mix.
There are multiple ways for this confluence of factors to result in coal or oil resources being dispatched.
1.

As temperatures drop, supply becomes constrained, prices increase, and peak generators such as oil become both
economically competitive and, in some cases, necessary to ensure grid reliability.

2.

Outside of market-based mechanisms, the ISO-NE’s contingency and reserve requirements, designed to maintain grid
reliability, can result in more expensive, and often “dirtier,” resources being dispatched out of merit order to ensure grid
reliability.

As introduced above, an added element Eversource considered is that some fuels, such as coal and oil, may tend to remain
online beyond their immediate need due to economic, technical, or other reasons. This would produce an outsized effect to
the extent that an event reduces load to the point that a coal or oil resource that would have otherwise been dispatched did
not need to be, potentially reducing carbon emissions well beyond the hours of the DR event alone. As noted, this effect
hinges on understanding the duration of generation with these fuels, which became a point of exploration in this study. .

4.3.2

Data

Analysts used four data sources for this analysis. These data sources and the analyses in which they were included are
described in this section.

5 Nuclear, a base load resource and New England’s second-largest source overall, has a GHG intensity that is less than 1/10 that of gas. Wind and solar are similarly low.

Hydro (3rd largest) and biomass, both often classified as renewable, have higher lifecycle emissions rates. Pehl, M., Arvesen, A., Humpenöder, F. et al.
Understanding future emissions from low-carbon power systems by integration of life-cycle assessment and integrated energy modelling. Nat Energy 2, 939–945
(2017). https://doi.org/10.1038/s41560-017-0032-9.

6 https://www.iso-ne.com/about/key-stats/resource-mix/
7 https://www.mass.gov/service-details/how-massachusetts-households-heat-their-homes
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4.3.2.1

Third-party modeled marginal emissions rate data

The evaluation team studied marginal emissions rate (MER) data from a third-party source to determine its usability for
quantifying the actual carbon intensity of the ISO-NE grid. This data was available for the three Massachusetts ISO-NE load
zones (Western and Central Massachusetts, Northeast Massachusetts and Boston, and Southeastern Massachusetts) and
the Connecticut ISO-NE load zone from March 1, 2017, through January 31, 2021. For each load zone, a timeseries of MER
values with 5-minute resolution in UTC format was provided, in lbs. of CO2 per MWh of electricity generated. This data was
then converted to prevailing time (Eastern time zone) and rolled up to hourly average MER values for analysis.
This data is the output of a proprietary data model developed by the third-party. The model output is not a report based on
actual generation resources for each time period. Instead, it uses historical resource load data, weather data, and a wide
array of other inputs, including publicly available grid data from ISO-NE, to predict MERs.

4.3.2.2

ISO-NE fuel mix data

The evaluation team queried roughly 5-minute resolution fuel mix data for the entire ISO-NE using the ISO’s application
programming interface (API). This data set provides a breakdown of the generation, in MW, from each fuel type, as
calculated by the ISO’s dispatch software on a given operating day. It is the only data set available from the ISO-NE that
breaks down total generation by fuel type with a high level of granularity. This data is only available at the level of the entire
ISO and is not disaggregated by load zone. It is also not granular beyond individual fuel types, meaning it is not possible to
identify the output of an individual power plant of a particular fuel type. The fuel types included in this data set are: Coal,
Hydro, Landfill Gas, Natural Gas, Nuclear, Oil, Other, Refuse, Solar, Wind, and Wood. Data from January 1, 2015 through
July 2, 2021 was converted to prevailing time (Eastern time zone) and rolled up to hourly average power levels (MW) by fuel
type, or resource, for analysis.

4.3.2.3

ISO-NE marginal resource data

The evaluation team queried roughly 5-minute resolution marginal resource data for the entire ISO-NE using the ISO’s
application programming interface (API). This data set indicates which fuel type or fuel types were tagged as marginal in
each time step, as calculated by the ISO’s dispatch software on a given operating day.
Similar to the fuel mix data, the marginal data is the only data set available from the ISO-NE that identifies marginal
resources by fuel type with a high level of granularity. Also, like the fuel mix data, this data is only available at the level of the
entire ISO, is not disaggregated by load zone, and does not get more granular than individual fuel types. This means it is not
possible to ascertain whether an individual power plant is marginal at a given point in time. The fuel types included in this
data set are the same as those included in the fuel mix data set described above. This data was converted to prevailing time
(Eastern time zone) and rolled up to hourly average power levels (MW) by fuel type, or resource, for use in this analysis.
Data from January 1, 2015, through July 1, 2021, was included in the analysis.

4.3.2.4

NOAA weather data

To support the assessment of the temperature-dependency of the third-party MER data, ISO-NE fuel mix data, and ISO-NE
marginal resource data, the evaluation team queried hourly dry-bulb temperature (DBT) data for several Massachusetts and
Connecticut weather stations from the National Oceanic and Atmospheric Administration (NOAA’s) local climatological data
database. Data was collected for the period from January 1, 2015, through July 1, 2021. This data contains one or multiple
temperature readings per hour. The evaluators converted the data to prevailing time (Eastern time zone) and aggregated it
to develop hourly average temperature readings in Fahrenheit.

4.3.3

Marginal vs. average emissions rates

There are two methods of measuring the grid’s GHG emissions: average emissions rates and marginal emissions rates. In
this section we define the two methods and outline the rationale for using marginal emissions rates in this analysis.
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4.3.3.1

Average emissions rate

The average GHG emissions rate (or average emissions rate, AER) represents the load-weighted (by MW contribution)
average GHG intensity of all grid resources that contribute to the supply stack. While the average emissions can be
calculated at a single point in time (e.g., at 1 p.m. on a given day), this calculation provides little direct insight into how that
intensity would change if demand for power increased or decreased. Average emissions rates are most often used to
measure and compare the carbon intensity of the grid on a monthly, seasonal, or annual basis.
For example, Figure 4-2 from the California Independent System Operator (CAISO) shows that carbon intensity varies both
month to month within a year and year-over-year. Monthly variation is the result of different grid resources being called upon
to meet seasonal load variation, with more carbon-intense resources being relied on more in the summer, when loads are
highest. Measured annually, the grid has gotten “cleaner” over time as more renewables have come online.
Figure 4-2. CAISO variation in carbon intensity

It would not be appropriate to use AERs to measure a DR program’s GHG emissions impact, since not all grid resources in
the supply stack are impacted equally by a targeted reduction in demand. Directly reported marginal emissions rates,
discussed below, more accurately capture the real-time emissions impact of load-shifting or -shedding.

4.3.3.2

Marginal emissions

To understand the concept of the marginal GHG emissions rate (or marginal emissions rate, MER), it is first helpful to
understand the concept of marginal resources in detail. The “marginal resource” is the resource that would supply the next
megawatt (MW) of load to the grid if demand were to increase; per the ISO-NE’s economic dispatch model, the marginal
resource is determined by identifying the resource able to supply the next MW to the grid at least cost. In many cases,
multiple resources are simultaneously considered “on the margin” due to constraints on the grid and transmission system
that prevent the next cheapest MW from reaching the location where load is increasing on its own. In these cases, a mix of
resources is identified that can collectively supply the next MW at least cost. 8 If a non-generator resource provides the
marginal MW – such as an import from outside ISO-NE or an aggregated demand response bid – no resources would be
tagged as marginal in ISO-NE’s data. Figure 4-3 illustrates the market-clearing process and the concept of marginality.
Here, the y-axis represents supply bids from various resources in $/MWh; this is the price at which the individual generators
are willing to supply power. Resource mixes A, B, C, and a portion of D “clear” the market, are dispatched by ISO-NE to
generate a certain amount of power, and make up the “supply stack.” Resource D is “on the margin” and, as the marginal
resource, sets the price of power that is paid to all dispatched generators. Resource D would be called upon to generate
more power if needed and would turn down its output if demand fell in the next time interval.

8 In general, there will always be N + 1 marginal resources for every N binding transmission constraints. See 2019 Emissions Report page 16.
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Figure 4-3. Market-clearing process and marginality 9

The marginal GHG emissions rate (or marginal emissions rate, MER) represents the load-weighted (by MW contribution)
average GHG intensity of all resources that are on the margin at a given point in time. As discussed above, the “marginal
resource” is the grid resource (or collection of resources) that would supply the next unit of load to the grid if demand were to
increase; conversely, it would also be the next resource to reduce its output if demand were to decrease. Thus, if a targeted
DR program successfully reduced load on an event day, the marginal resource would be the only grid resource to reduce
demand, and the associated emissions reduction would be based only on the carbon intensity of the marginal resource. It is
for this reason that the evaluators focused on measuring the MER to evaluate the ADR Program’s emissions reduction
impact.

4.3.4

Emissions impact factor calculation

Factors to calculate carbon emissions from generation fuels were calculated from 2019 EIA data 10 for states in ISO-NE. To
calculate metric tons of CO2 per MWh generated by each generation fuel, we aggregated EIA data for both parameters for
the six states in New England (CT, MA, ME, NH, RI, VT) and divided them to calculate a fuel type carbon emissions rate.
These rates ran from 0.43 metric tons of CO2 per MWH generated from natural gas to 1.49 generated from oil. These
factors are used with the mix of marginal fuels and hourly reductions during the January 19th event to estimate emissions
reductions (Section 5.3.4). Note that the EIA data appears to consider nuclear, hydroelectric, other biomass, pumped
storage, solar, wind, and wood generation to have zero emissions.

9 https://www.iso-ne.com/about/what-we-do/in-depth/how-resources-are-selected-and-prices-are-set
10 https://www.eia.gov/electricity/data/state/emission_annual.xls
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Table 4-5. Summary of 2019 CO2 emissions and generation levels by fuel
Total 2019 Metric
Total 2019 MWh
Fuel Type Emissions Rate (CO2 per
Fuel Type
Tons CO2
Generated
MWh)
1,351,970
934,241
1.45
Coal
Natural Gas
Other
Petroleum
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42,277,624
5,424,490

98,544,663
3,761,950

0.43
1.44

572,914

385,322
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5

FINDINGS

5.1

Process evaluation findings

Process findings are reported separately for each program administrator.

5.1.1

Eversource

The winter 2020-2021 season was Eversource’s second winter ADR Initiative season and fourth overall. As such, this report
does not include detailed explanations of each aspect of program delivery. Rather, we focus on key findings that are of note
or provide context for findings that address our research questions.

5.1.1.1

Marketing and enrollment

To help maintain the cost effectiveness of the ADR Initiative as a whole, Eversource does not market the ADR
Initiative winter season. As discussed in the Introduction, Eversource currently does not claim any benefits for the ADR
Initiative in the winter because there is no avoided cost for the winter season. Interviewed Eversource staff explained that as
it stands, the winter season is not cost-effective on its own. The summer season allows the PAs to recover the costs of the
winter season and gives the ADR Initiative a positive Benefit Cost Ratio (BCR). As such, Eversource staff explained that
they did not want to over-enroll for the winter program, as doing so might negatively impact the BCR. Since there is already
more interest in the program than they can enroll, they do not market the program in the winter.
Two CSPs reported a lack of clarity around whether there would be a winter season until a few weeks prior to its
start. This caused uncertainty for the CSPs behind the scenes and could impact participation moving forward. Two
of the three approved CSPs that had customers participating in Eversource’s winter 2020-2021 ADR Initiative noted that, up
until a few weeks before the start of the winter season, Eversource implementation staff gave the impression that they might
not implement the winter season:
•

One of the CSPs was worried because they market the program as a whole to their customers. This CSP said that it is
the potential to receive both the summer and winter incentives in aggregate that sells customers on the ADR Initiative.
Prior to getting notice that the winter 2020-2021 season would occur, this CSP was unsure of what to tell customers
who were expecting the opportunity to achieve the full incentive. This CSP also reports that without the winter incentive,
they would see a drop in participation.

•

The other CSP also did not actively seek out new participants; rather they focused on recruiting or re-enrolling their best
performers from past summer and winter seasons for the winter 2020-2021 season. This CSP noted that when they
submitted applications to re-enroll past winter participants or enroll customers that had previously participated only
during summer seasons, Eversource placed them on a waitlist. The CSP reported hearing whether their customers got
off the waitlist in mid-November, which did not leave them much time to coordinate with and prepare customers for
participation.

Neither Eversource staff nor the CSPs indicated there were any pain points with the enrollment process. Eversource
enrolled only one new customer to participate in the winter 2020-2021 season. Due to the timing of their application, one
customer participated in the ADR Initiative for the first time this past winter season. This customer will participate in both the
winter and summer, which is an Eversource requirement (that winter participants also participate in the summer). According
to the interviewed staff, there were no issues with the application or enrollment process because, as has been the case for
all past seasons, the CSPs facilitate participant enrollment and are familiar with the process at this point.
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5.1.1.2

Implementation

Eversource staff were satisfied with the CSPs during the season. Staff reported having no issues with the CSPs and
that CSP communication went smoothly during the winter 2020-2021 season. Regarding performance, at the time of our
discussion, interviewed staff had not yet looked at participant interval data so were unable to comment on demand
reductions achieved.
Eversource sent courtesy event notifications ahead of official notifications, which the CSPs greatly appreciated.
Prior to officially calling this season’s DR event through their DERMs platform, Eversource staff emailed their CSP contacts
to ensure they would not be caught off guard by the formal event notification. All three approved CSPs who work with
Eversource mentioned these courtesy emails and noted they were particularly helpful in preparing customers for the event.

5.1.1.3

Data transfer and settlement

Most participants are compliant with Eversource’s requirement that their interval meters be integrated with
Eversource’s DERMS platform. Per the program materials, Eversource’s participants are required to install metering
capable of sending real time interval data to their DERMs platform. Eversource staff reported that the vast majority of their
participants (around 90%) have interval data meters that are integrated with and send real-time data to their DERMS
platform. For the remaining participants, or if there are connectivity issues that prevent the transfer of the integrated meter
data, Eversource requests data directly from the CSPs, if available, or backfills using their Energy Profiler Online (EPO).
However, two CSPs mentioned being wary of Eversource’s EPO data, as there had been numerous instances during past
seasons where there was data from CSP meters available as well, and that data was significantly different than that of the
EPO.
Finalizing settlements for the summer 2020 season took much longer than anticipated and affected winter event
decision-making. On December 17th, both demand and locational marginal price hit significant peaks. However, at the time,
Eversource was still finalizing settlements and were up against settlement deadlines. For this reason, and because it was so
close to the holiday season, implementation staff decided that they would not call an event before the end of the calendar
year.
Due to this lag in settlement finalization, CSPs have started to advise participants to expect payments to arrive
during the summer. Two CSPs mentioned that the lack of a predictable settlement timeline had made it difficult to address
participant questions about when to expect payments in the past. To guard against this, all three of the approved CSPs that
had participants in Eversource’s winter 2020-2021 ADR Initiative reported having reset customer expectations, telling
customers to anticipate receiving payment 90 days after season end or during the summer. One CSP expressed immense
frustration at Eversource’s settlement process, explaining that there isn’t a standardized process for reconciliation in the
instances where their data doesn’t match what’s shown in the EPO or when there is a lack of data (as discussed above).
Eversource implemented changes to its process to help prevent delays in and enhance transparency of the
settlement process during subsequent seasons. During the winter 2020-2021 season, Eversource developed two tools
to share with the CSPs to help expedite and create transparency around the settlement process:
•

Towards the end of the season, Eversource started generating weekly reports that provided CSPs visibility into the
quality of data being transferred from their equipment to the DERMS platform. Eversource’s intention was to help CSPs
identify and fix connectivity issues. Eversource staff noted that these reports enabled an ongoing conversation with the
CSPs.

•

In March, Eversource shared their methodology for calculating performance along with a spreadsheet tool that the
CSPs could plug data into to calculate performance. Eversource noted that this tool generated good conversation
between the PA and CSPs; staff said that one CSP sent along performance results they calculated in their own platform
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and those they calculated with Eversource’s tool to discuss and work through discrepancies. One CSP did mention
receiving the performance calculation spreadsheet from Eversource and found it very helpful in preparing customers for
the upcoming event.
At the time of the interview in early May, Eversource staff anticipated sharing their performance calculations with CSPs by
end of month and receiving invoices from and making payments to the CSPs in June. Neither of the two CSPs interviewed
at the end of May nor the CSP interviewed during the first week of June had received final data from Eversource at the time
of our discussions. Interview results suggest that Eversource’s efforts are helping with transparency, but it is unclear whether
they are helping to accelerate the settlement process.

5.1.1.4

Participant survey results

Industrial, manufacturing and assembly facilities made

Figure 5-1. Eversource respondent facility types

up the majority of Eversource survey respondents.
Almost half (13 respondents of 29, 45%) of Eversource
respondents were industrial facilities. The respondent
population also included four colleges, three K-12 schools,
and three water or wastewater treatment plants. Twentyeight respondents implemented curtailment strategies to
reduce demand; the remaining respondent dispatched a
battery. Figure 5-1 on the right shows the breakdown of
facility types in the respondent population.
Most participants planned to implement a manual DR
curtailment strategy. We asked customers whether they
planned to make manual adjustments to respond to DR
events or if their CSP would be responsible for remotely
triggering a pre-programmed building management system
(BMS) DR sequence. “Manual adjustments” were defined
as either manually powering down building systems,
actively adjusting BMS settings, or “pressing the button” to
trigger a pre-programmed BMS DR sequence. Just over half (54%) of respondents reported planning to manually power
down building systems or actively adjust BMS settings, while a quarter said their plan was to trigger the BMS’ preprogrammed DR sequence themselves. Only two participants (7%) reported that their CSP had planned to remotely trigger
their BMS DR sequence. Table 5-1 shows the respondents’ DR strategy breakdown.
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Table 5-1. Respondents who planned to make manual building or BMS adjustments
Did you plan to make manual adjustments or
trigger the BMS’ pre-programmed DR sequence?
(Multiple Response, n=28)
Response
Count
%
Yes, I planned to manually
power down building systems
or actively adjust BMS settings
Yes, I planned to trigger the
BMS’ pre-programmed
demand response sequence
No, I did not plan to make any
manual adjustments
Don’t know

Was your CSP responsible for remotely
triggering a pre-programmed BMS sequence
for DR events? (Single Response, n=28)
Response Count
%

15

54%

No

25

89%

7

25%

Yes

2

7%

6

21%

2

7%

Don’t know

1

4%

Non-industrial facilities employed a broader range of curtailment strategies than industrial facilities. We asked
participants which building system adjustments they planned to make during the DR event. Decreasing production activity
was the most cited curtailment strategy, which was predominantly implemented by industrial facilities. Table 5-2 summarizes
these findings. Both industrial and non-industrial respondents reported planning to curtail also by turning off rooftop units,
running fewer chillers or reducing chiller load in the building, and turning off lights. However, outside of ramping production
activity down during the DR event or shifting production to hours before the event, industrial participants reported
implementing only seven additional curtailment strategies, whereas non-industrial participants reported implementing 14
other curtailment activities. This shows real efforts being made by CSPs and non-industrial customers alike to maximize their
opportunity to curtail in the winter. It also suggests that opportunities for deeper curtailment might be left on the table at
industrial facilities because production adjustments are the focus, though their magnitude could be small given the
proportion of their load associated with processes. Could be something to explore/discuss with CSPs, especially because
business targets could prevent industrial facilities from curtailing production activity on any given day.
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Table 5-2. Curtailment strategies (multiple response)
DR Strategy
Responses

Facility Type

Manual
(n=20)

Remote
(n=3)

Industrial
(n=11)

Other
(n=10)

13

-

12

1

Process strategies
Decrease production activity for the duration of the event
Shift production activity to the hours before the event

1

-

1

-

Other – turn off refrigeration system

-

1

1

-

Turn off rooftop units

9

1

7

3

Reduce speeds on the air handler fans and make
temporary adjustment to VFDs on fans and pumps to meet
temperature requirements

6

-

1

5

2

-

-

2

Switch off return fans in areas served by multiple return
fans

2

-

-

2

Other – turn down air compressors

1

-

1

-

Other – shut off fan systems on unoccupied floors

1

-

-

1

Run fewer chillers or reduce the chiller load in the building

6

-

4

2

Raise the chilled water temperature setpoint

3

-

-

3

Run some cooling tower fans at lower speeds

2

-

-

1

Turn off lights

5

-

3

2

Completely shut down your facility for the duration of the
event

2

-

-

2

Turn off electric domestic hot water heaters

1

-

-

1

Turn off electric space conditioners

1

-

-

1

Change the temperature setpoint

3

-

-

3

Turn off split system units

2

-

1

1

-

1

1

-

Air handling strategies

Turn off electric reheat in-air handling units or variable air
volume units

Chiller strategies

General

Packaged/split system strategies

On-site generation
Dispatch a thermal storage resource for the duration of the
event

Most respondents participated to some extent in curtailing energy use when the DR event was called. When asked if
they were able to implement their planned DR strategy when an event was called, 50% of participants who planned a
manual DR response reported making all planned manual adjustments, and additional 36% said they were able to make
some of the planned manual adjustments. Six of the seven participants (86%) who said they planned to trigger a preprogrammed BMS sequence said they did so in response to the called DR event. Those whose CSPs were responsible for
remotely triggering their BMS systems did not ask their CSPs to cancel the dispatch when the DR event was called. The
battery storage participant was unsure whether their battery had successfully dispatched during the DR event.
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Participants cited production demands and a lack of staff as the leading impediments to DR implementation. We
asked the eight participants who were not able to respond or who only responded partially about what had prevented their
full participation. Of the seven who had planned to make manual building system or active BMS adjustments, four (57%)
reported that production demands kept them from responding fully, while two (29%) cited labor constraints. One participant
reported not having performed due to the weather, and the final participant noted that their equipment was already
scheduled to be turned off on the day of the event. The one participant who reported not having implemented their preprogrammed BMS sequence, a university, said they couldn’t perform due to high activity on campus. Some participants cited
the need to catch up on production due to COVID-19 related impacts, though COVID was not directly noted as a significant
impediment.
CSPs noted that the COVID-19 pandemic exacerbated the already challenging task of demand reduction during the
winter season. Two CSPs noted there is less load to curtail in the winter; one of these CSPs estimated there is normally
30% less performance during the winter seasons than during the summer, as there are no cooling loads to curtail. The other
CSP of the two mentioned that they made downward adjustments to nominations of customers who participated in the winter
2019-2020 season to a level the CSP thought might be more manageable. Some of these participants met or surpassed
their nominations while others did not. This CSP plans to survey the customers who were able to successfully reduce
demand to ask if the reductions they achieved will be replicable. All three CSPs reported that, on top of there being less
overall load to curtail during the winter, the COVID-19 pandemic created further hurdles to curtailment during the winter
2020-2021 season. Two CSPs noted that in many cases, manufacturing facilities that were back up and running after having
been closed due to COVID-19 restrictions could not ramp down production activity, as they needed to make up for lost time.
All four CSPs noted that most of their other participants (i.e., non-industrial facilities and industrial facilities that do not
manufacture essential equipment) had less or no load at all to curtail because buildings were much more sparsely populated
or closed all together. One CSP did note, however, that some facilities had more load to curtail than they had in previous
seasons because they had installed new indoor air quality measures that were easily ramped down during the DR event due
to low occupancy rates.

Shutdown Days
Two participants said that they had reported at least one shutdown day prior to one week before the DR event. The
ADR Initiative rules allow customers to report planned facility shutdown days to the PAs such that those days of low or no
load can be removed from their baseline, should they happen to fall within it. For a day to be removed from the baseline,
customers must report the planned shutdown at least a week in advance. Participants are limited to 10 shutdown days per
season. We asked respondents who reported that they had planned for one or more shutdown days during the winter 20202021 season whether they had reported any shutdown days and when. Four participants said they had planned for a
shutdown day, and three in that group said they reported the shutdown to either their CSP or to the PA. However, only two
of the three participants that gave notice of their shutdown day(s) said they did so at least a week prior; the remaining
participant said they reported the planned shutdown within a week of its occurrence.

Payment
Close to half of participants reported receiving the incentive payment from the winter 2020-2021 ADR Initiative
season. Thirteen participants (46%) reported having received their incentive payment, while 10 participants (36%) were
unaware of whether they had received the payment. Five participants (18%) reported not yet having received the payment.
We asked participants to indicate when they expected to receive the performance payment. Over half of participants (57%)
did not know when they expected to receive payment, while about a fifth of respondents said they expected payment by the
end of April (18%) or by the end of May (21%). One participant (4%) said they expected to receive payment during the
summer. We also asked those who had expectations around when they would get the incentive how whether their
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expectations had been set. Most in that group (42%) said their expectations were informed by their experience during the
previous seasons, while a quarter said their CSP had made a note of when to expect payment.
Participants were satisfied with their winter 2020-2021 ADR Initiative experience overall. We asked participants to rate
various aspects of their program experience on a 0- to 10-point scale, with 0 being “not at all satisfied” and 10 being
“extremely satisfied.” Participants rated their overall experience as an 8.4 out of 10, on average. Participants were highly
satisfied with the delivery of event notifications and their interactions with their CSPs, giving average ratings of 9.2 and 8.7
out of 10, respectively. There was moderate satisfaction with the performance payment turnaround time (7.7 average rating)
and information on how DR solutions work (7.6). Participants were not as satisfied with the performance payment amount
(6.8 average rating) and, relatedly, the demand reduction achieved by their DR solution (7.2 average rating). The program
components and their corresponding average scores can be found in Figure 5-2.
Figure 5-2. Participant satisfaction rankings

*Note that we only asked those who had already received payment or indicated that they had equipment installed prior to the winter 20202021 season to facilitate DR participation to rank those program components.

Twelve participants gave a rating of 7 or lower for the demand reductions achieved. Of those, three commented that they
believe they can do better, especially if they were given additional guidance. Two others recognized that they had not been
able to perform to their expectations, and another said simply that their winter DR capability is not strong.
Of note, even with 26% of respondents giving a “don’t know” response for the payment turnaround time, the average score
of the remaining respondents was a 7.7. This suggests that respondents were relatively satisfied with payment turnaround
time compared with the performance payment amount and the demand reductions achieved, which had average ratings of
6.8 and 7.2 respectively. This is likely the result of participants having participated during previous seasons and CSPs
managing participant expectations about the payment timeline, as discussed above.
Almost all respondents plan to participate in future winter DR seasons, and those who gave their perspective on how the
program could be improved mostly want greater transparency and guidance with DR strategies. Most respondents (25) said
they planned to participate in future winter ADR Initiative seasons. Only one participant said they would not participate again
during the winter, and one was unsure whether they would participate again. Thirteen respondents provided comments on
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how the program could be improved. Of those, five remarked that they would like to see increased transparency and/or more
comprehensible explanations of program protocols and benefits. Examples of these comments include:
•

“Eversource has no methodology for its participants to monitor load on Eversource’s grid to help with the reduction. At
least on the ISO-NE we can see lots of information as to when peaks may hit and actually track and record numbers.
Eversource needs a system similar for its participants to track and assist the whole process.”

•

“I don't have any issues. Communication could be better with information on the benefits to us, and the program as a
whole. Performance reviews explained, etc. Overall satisfied.”

•

“It's very challenging to read and understand the information on the electric bills and know where you can save on your
electricity. It would be great if this information could be presented in laymen's terms or a "dumbed-down version". More
people would likely participate if they had an easier time just understanding the concept and what the program is all
about.”

Three respondents mentioned they would appreciate additional guidance on DR strategies. One respondent wrote that
they’d like “an audit of what we’ve done thus far versus what other solutions we could do that perhaps we’ve overlooked.”

5.1.1.5

Comparison of participant satisfaction between seasons

Most customers who participated during the winter 2020-2021 season participated in previous seasons. To ascertain
whether respondent satisfaction has changed over time, we compared the satisfaction rankings from the winter 2020-2021
ADR Initiative to those in the participant survey conducted following the summer 2019 season. Note that the satisfaction
ranking scales differed between seasons; a 0- to 10-point scale was used for the winter 2020-2021 season, while a 1- to 5point scale was used in the summer of 2019. As such, to enable a comparison of the satisfaction scores between seasons,
we chose to compare the percentages of each respondent population that were highly satisfied; that is, we compared the
percentage of the winter 2020-2021 respondent population that gave rankings of 8, 9, or 10 with the percentage of the
summer 2019 respondent population that gave a ranking of 4 or 5 for each program component. This comparison is shown
in Table 5-3. The general trend is higher satisfaction with the summer offering than winter. This makes sense to us
because even through the program is maturing from year to year, the winter benefits are still not as clear to customers as
summer benefits.
Table 5-3. Percent highly satisfied in winter 2020-2021 vs. summer 2019 (Eversource)
Program Component
The delivery of event notifications
Your interactions with your curtailment service provider
The overall program
The information you received explaining how the ADR
Initiative works
The performance payment turnaround time
The information you received explaining how specific
technologies/demand reduction solutions work
The energy demand reductions achieved by your
demand response solution/strategy
The performance payment amount*
The equipment installation process
*Z-test significant at p=0.03

Percent Highly Satisfied
Winter 20 – 21
Summer 19
89%
91%
78%
87%
81%
63%

78%
87%

44%
70%

N/A
78%

48%

78%

54%
60%

-22%
67%

The proportion of participants who were highly satisfied with the program has remained relatively unchanged.
However, there is evidence of an increase in satisfaction with performance payment amount. There were slight increases in
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rates of high satisfaction with most program components, including the delivery of event notifications and demand reductions
achieved, and with the program overall. There was a considerable increase in satisfaction with the performance payment
amount, which we found to be statistically significant: almost a quarter (23%) of respondents gave a rating of 9 or 10 for the
performance payment amount following the winter 2020-2021 season, while only 4% of respondents gave a score of 5 for
the performance payment amount after the summer 2019 season.

5.1.2

National Grid

The winter 2020-2021 season was National Grid’s eighth ADR Initiative season. As such, this report does not include
detailed explanations of each aspect of program delivery. Rather, we focus on key findings that are of note and address our
research questions.

5.1.2.1

Marketing and enrollment

Similar to Eversource, National Grid did not actively market the winter 2020-2021 season of the ADR Initiative.
Interviewed National Grid staff coordinate marketing efforts with the CSPs (i.e., share contacts and new leads) mostly for the
summer season, which has more substantial reduction targets and grid benefits. The winter ADR Initiative season provided
a learning opportunity for National Grid staff to learn about the benefits of a winter DR program as part of understanding its
future feasibility. According to National Grid staff, all participants had participated in at least one ADR season previously and
participation rates were consistent with their expectations.
Two CSPs reported a lack of clarity around whether there would be a winter season until a few weeks prior to its
start. This caused uncertainty for the CSPs behind the scenes and could impact participation moving forward. Two
CSPs noted that, up until a few weeks before the start of the winter season, both Eversource and National Grid
implementation staff gave the impression that they might not implement the winter season:
•

As noted in the Eversource process section also, one of the CSPs providing services to Eversource and National Grid
was worried because they market the program as a whole to their customers. This CSP said that the potential to receive
both the summer and winter incentives in aggregate that sells customers on the ADR Initiative. Prior to getting notice
that the winter 2020-2021 season would occur, this CSP was unsure of what to tell customers who were expecting the
opportunity to achieve the full incentive. This CSP also reports that without the winter incentive, they would see a drop
in participation.

•

The other CSP mentioned having the potential for dozens of additional participants to participate but did not actively
seek out new participants; rather they focused on recruiting or re-enrolling their best performers from past summer and
winter seasons for the winter 2020-2021 season. This CSP noted that when they asked what triggers were used for
winter events (i.e., how is DR helping? What problem is it solving?), National Grid did not provide them with a definitive
answer. They noted that transparency around this would be beneficial to engage customers about the winter season.

5.1.2.2

Implementation

National Grid staff were satisfied with the CSPs during the winter 2020-2021 season. National Grid staff reported
having no procedural issues with the CSPs during the season. From staff’s vantage point, all CSPs had received the signal
for the one event that was called, and all were able to dispatch.
National Grid sent courtesy event notifications ahead of official notifications, which the CSPs greatly appreciated.
Prior to officially calling this season’s DR event, National Grid staff emailed their CSP contacts to ensure they would not be
caught off guard by the formal event notification. Three of the four approved CSPs who work with National Grid mentioned
these courtesy emails and noted they were particularly helpful in preparing customers for the event.
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5.1.2.3

Data transfer and settlement

Per the program materials, National Grid customers can participate in the ADR Initiative with a utility meter that measures
load in 15-minute increments. Only a handful of customers have needed to install CSP metering devices to participate in
previous seasons of National Grid’s ADR Initiative (according to participant survey results, no participants needed to install
meters prior to the winter 2020-2021 season). Thus, most of the data is transferred from National Grid to the CSPs for
settlement purposes. In instances where customer utility meters didn’t record data and the CSP had meters installed for an
ISO-NE demand response program, National Grid asked the CSPs to backfill the data. At the time of the interview with
National Grid staff in early May, National Grid had requested data from the CSPs for accounts with missing data. Staff
reported having received missing data from two of the four CSPs in early May and anticipated receiving data from the other
two CSPs soon thereafter. At the time of the CSP interview during the last week in May and first week in June, two of the
four CSPs had finalized reconciliation and one was in the data reconciliation process with National Grid. The remaining CSP
had just received data from National Grid on the day of our interview.
The data reconciliation and settlement process appear to take a long time when data issues arise. All CSPs noted
that for most participants, overall, the data transfer and reconciliation between them and National Grid usually goes
smoothly, and the winter 2020-2021 season was no exception for the CSPs that had completed the reconciliation process.
However, two CSPs noted having difficulties in data transfer and settlement when customers had both CSP meters and
utility meters (this feedback was given mainly for previous seasons but was applicable to some instances following the
winter 2020-2021 season). Staff of one CSP explained that for some customers, National Grid had substituted estimated
load when their meters had stopped recording data without notifying the CSP. The other mentioned that there had been
instances where the CSP meter showed performance and the utility meter did not. Though this data mismatch happened
only for a minority of sites each season, these two CSPs reported being frustrated in these instances. The CSPs explained
that there was no standard reconciliation process, which caused lengthy back-and-forth’s and delayed their invoices to
National Grid.
All CSPs have started to advise participants to expect winter season incentive payments to arrive during the
summer. Two CSPs mentioned that the lack of a predictable settlement timeline had made it difficult to address participant
questions about when to expect payments in the past. To guard against this, all of the CSPs reported having to reset
customer expectations, telling customers to anticipate receiving payment 90 days after season end or during the summer.
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5.1.2.4

Participant survey results

Figure 5-3. National Grid respondent facility types

Industrial, manufacturing and assembly facilities made
up the majority of National Grid survey respondents.
Fifteen (83%) of National Grid respondents were industrial
facilities. The respondent population included three other
facility types: one water or wastewater treatment plant, one
K-12 school, and one recreational facility. Figure 5-3 on the
right shows the breakdown of facility types in the
respondent population.
Most participants planned to implement a manual DR
curtailment strategy. We asked customers whether they
planned to make manual adjustments to respond to DR
events or if their CSP would be responsible for remotely
triggering a pre-programmed BMS DR sequence. “Manual
adjustments” were defined as either manually powering
down building systems, actively adjusting BMS settings, or
“pressing the button” to trigger a pre-programmed BMS DR
sequence. Over half (61%) of respondents reported
planning to manually power down building systems or actively adjust BMS settings, while two participants (11%) said their
plan was to trigger the BMS’ pre-programmed DR sequence themselves. Only two participants (11%) reported that their
CSP had planned to remotely trigger their BMS DR sequence. Table 5-4 shows the respondents’ DR strategy breakdown.
Table 5-4. DR strategy
Did you plan to make manual adjustments or trigger
the BMS’ pre-programmed DR sequence? (Multiple
Response, n=18)
Response
#
%
Yes, I planned to manually power down
building systems or actively adjust BMS
11 61%
settings
No, I did not plan to make any manual
adjustments

5

28%

Yes, I planned to trigger the BMS’ preprogrammed demand response
sequence

2

11%

Don’t know

1

6%

Was your CSP responsible for
remotely triggering a pre-programmed
BMS sequence for DR events? (Single
Response, n=18)
Response
#
%
No

15

83%

Yes

2

11%

Don’t know

1

6%

Industrial facilities planned to implement multiple curtailment strategies and/or dispatch on-site generation in addition to
ramping down production activity to reduce demand during the DR event (Table 5-5). Most National Grid respondents (which
are predominantly industrial facilities) planned either to decrease production activity or shift production outside of the event
window to reduce load. Industrial participants also planned to implement 11 curtailment strategies that were unrelated to
production activity, while the non-industrial facilities reported planning to implement very few curtailment strategies. This
suggests a potential for reassessment of DR strategies with the non-industrial customers in National Grid territory.
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Table 5-5. Planned curtailment strategies (multiple response)
Responses
Process strategies
Decrease production activity for the duration of the event
Shift production activity to the hours before the event
Shift production activity to the hours following the event
Air handling strategies
Turn off rooftop units
Reduce speeds on the air handler fans and make temporary
adjustment to VFDs on fans and pumps to meet
temperature requirements
Chiller strategies
Run fewer chillers or reduce the chiller load in the building
General
Turn off lights
Shut down non-critical elevators or escalators
Shut off pool pumps
Turn off electric domestic hot water heaters
Turn off electric space conditioners
Other – ensure all unnecessary equipment is off
On-site generation
Run a diesel generator for the duration of the event
Run a natural gas generator for the duration of the event
Run an oil generator for the duration of the event

DR Strategy
Manual
Remote
(n=12)
(n=3)

Facility Type
Industrial Other
(n=12)
(n=2)

9
3
3

2
1
1

11
4
4

-

4

-

3

1

1

-

1

-

3

-

3

-

6
2
1
1
1

2
1
-

7
3
1
1
1

1
1
-

2
1
1

-

1
1
1

1
-

Most participating respondents reported implementing their planned curtailment strategies when the DR event was
called. When asked if they were able to implement their planned DR strategy when an event was called, five of seven
participants (71%) who planned a manual DR response reported making all planned manual adjustments, while the
remaining two (29%) said they were able to make some of the planned manual adjustments. The one participant who
planned to trigger a pre-programmed BMS sequence was able to trigger that sequence in response to the called DR event.
The two participants whose CSPs were responsible for remotely triggering their BMS systems did not ask their CSPs to
cancel the dispatch when the DR event was called. In all, eight participants (44%) reported participating fully during the DR
event.
Two additional participants who did not report what their DR strategies were recalled not being able to fully respond to the
DR event, bringing the total number of participants who were unable to fully respond to four (22%). Two of these participants
explained that production deadlines or business commitments limited their ability to curtail. One participant, who planned to
participate with a new generator, explained their organization was unable to test the generator before the event and thus
they did not have a proper dispatch procedure in place by the time the event was called. This respondent’s CSP confirmed
this in the interview as well.
CSPs noted that the COVID-19 pandemic exacerbated the already challenging task of demand reduction during the
winter season. Two CSPs noted there is less load to curtail in the winter; one of these CSPs estimated there is normally
30% less performance during the winter seasons than during the summer, as there are no cooling loads to curtail. On top of
there being less overall load to curtail during the winter, the COVID-19 pandemic created further hurdles to curtailment
during the winter 2020-2021 season. Two CSPs noted that in many cases, manufacturing facilities that were back up and
running after having been closed due to COVID-19 restrictions could not ramp down production activity, as they needed to
make up for lost time. All four CSPs noted that most of their other participants (i.e., non-industrial facilities and industrial
facilities that do not manufacture essential equipment) had less or no load at all to curtail, as buildings were much more
sparsely populated or closed all together. One CSP did note, however, that some facilities had more load to curtail than they
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had in previous seasons because they had installed new indoor air quality measures that were easily ramped down during
the DR event due to low occupancy rates.

Shutdown Days
No National Grid participants said they planned for any shutdown days. The ADR Initiative rules allow customers to
report planned facility shutdown days to the PAs such that those days of low or no load can be removed from their baseline,
should they happen to fall within it. For a day to be removed from the baseline, customers must report the planned shutdown
at least a week in advance. Participants are limited to 10 shutdown days per season. We asked participants if they had or
planned for any shutdown days during the winter 2020-2021 season; all said they had no plans for shutdown days. This is
consistent with reports from National Grid implementation staff and CSPs.

Payment
Half of participants reported receiving the incentive payment from the winter 2020-2021 ADR Initiative season. Nine
participants (50%) reported having received their incentive payment, while seven participants (39%) were unaware of
whether they had received the payment. Two participants (11%) reported not yet having received the payment. We asked
participants to indicate when they expected to receive the incentive payment. Nine participants (50%) did not know when
they expected to receive payment. Four participants (22%) said they expected payment by the end of April, and three (17%)
expected the payment to come over the summer. Two participants (11%) said they had no expectations due to COVID-19
circumstances. Two participants (29%) said their CSP had made note of when to expect payment. One participant (14%)
reported seeing this information on National Grid’s ADR Initiative website and a final participant (14%) said their
expectations were informed by their experience during previous seasons.
Participants were moderately satisfied with the winter 2020-2021 ADR Initiative experience overall. We asked
participants to rate various aspects of their program experience on a 0- to 10-point scale, with 0 being “not at all satisfied”
and 10 being “extremely satisfied.” Participants rated their overall experience as a 7.1 out of 10, on average. Participants
were satisfied with the delivery of event notifications and their interactions with their CSPs, giving average ratings of 8.6 and
8.2 out of 10, respectively. Participants gave much lower average satisfaction scores for the performance payment amount
(5.3 average rating) and, relatedly, the demand reduction achieved by their DR solution (5.8 average rating). The program
components and their corresponding average scores can be found in Figure 5-4.
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Figure 5-4. Participant satisfaction rankings

* Note that we only asked those who had said they had already received payment to rate this aspect of the program.
While most respondents plan to participate in future winter DR seasons, a significant portion are unsure about their future
participation or plan not to participate at all. Those who gave their perspective on how the program could be improved
mostly want longer notification periods. Thirteen respondents (72%) said they planned to participate in future ADR Initiative
winter seasons. The remaining five participants either were unsure whether they would participate again during the winter (4
participants) or said they would not participate again (1 participant). Eleven respondents provided comments on how the
program could be improved. Of those, five remarked that they would like more advance notice than currently given to
respond to DR events. Two respondents mentioned that they would like the payment amount to be higher; one said explicitly
that the incentive payment does not cover lost production or labor costs that result from DR event response.
Of note, two respondents left comments that suggest their CSPs do not adjust their nominations between the summer and
winter seasons. These participants wrote:
•

“The winter curtailment requirement is the same as the summer which we cannot meet. This is due to the fact that our
largest amount of immediate usage drop comes from cutting off the AC units. Since these are not running in the winter
we cannot meet the curtailment requirement.”

•

“Leave [my type of] company out of winter DR. I am a terrible performer in February.”

In consideration of these comments and the low average score given to demand reduction achieved, National Grid staff
should ensure that CSPs are working with participants to develop DR strategies and nominations that are season specific.

Comparison of participant satisfaction between seasons
Most who participated during the winter 2020-2021 season participated in previous seasons. To understand whether
respondent satisfaction has changed over time, we compared the satisfaction rankings from the winter 2020-2021 ADR
Initiative to those in the participant survey we conducted following the summer 2019 season. Note that the satisfaction
ranking scales differed between seasons; a 0- to 10-point scale was used for the winter 2020-2021 season, while a 1- to 5point scale was used in the summer of 2019. As such, to enable a comparison of the satisfaction scores between seasons,
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we chose to compare the percentages of each respondent population that were highly satisfied; that is, we compared the
percentage of the winter 2020-2021 respondent population that gave rankings of 8, 9, or 10 with the percentage of the
summer 2019 respondent population that gave a ranking of 4 or 5 for each program component. This comparison is shown
in Table 5-6. As observed in the Eversource satisfaction results, the general trend of higher summer satisfaction ratings
makes sense to us given its advanced maturity and more clear summer benefits vs those in the winter offering.
Table 5-6. Percent highly satisfied in winter 2020-2021 vs. summer 2019 (National Grid)
Percent Highly Satisfied
Program Component

Winter ’20 – ‘21

Summer ‘19

The delivery of event notifications

72%

81%

Your interactions with your curtailment service provider

72%

75%

The information you received explaining how the ADR
Initiative works

72%

81%

The information you received explaining how specific
technologies/demand reduction solutions work

56%

63%

The overall program

56%

75%

The performance payment turnaround time

50%

N/A

The energy demand reductions achieved by your demand
response solution/strategy

39%

63%

22%

47%

The performance payment amount*
* Z-test significant at p=0.0103

The proportion of participants who were highly satisfied with the program has remained relatively unchanged. However,
there is evidence of a decrease in satisfaction with performance payment amount. There were slight increases in rates of
high satisfaction with the delivery of event notifications, interactions with CSPs, the information participants received
explaining the ADR Initiative and the overall program. We did not find these increases to be statistically significant. There
was a decrease in rates of high satisfaction for the demand reductions achieved and, relatedly, the performance payment
amount. Notably, no respondents gave a rating of 9 or 10 for the performance payment amount following the winter 20202021 season, while a quarter of respondents gave a score of 5 for the performance payment amount after the summer 2019
season. This change in satisfaction is statistically significant. This is consistent with the discussion above.

5.1.3

Cape Light Compact

The winter season was CLC’s first winter season and 2nd season of the ADR Initiative overall.

5.1.3.1

Marketing and enrollment

The CSPs took the lead in marketing the ADR Initiative to CLC customers. While CLC staff included information on the
ADR Initiative in their customer newsletter and in occasional social media posts, CLC staff relied primarily on the CSPs for
recruitment. As they do with other ADR Initiative customers, the CSPs managed the customer application process by filling
out customer applications and submitting them to CLC staff.
CLC ADR Initiative enrolment did not meet implementation staff expectations. For the winter season, CLC estimated
enrolment of approximately 3 MW of curtailment, and 2 MW of storage. In retrospect, CLC staff explained that these targets
were too high. When planning the budget and targets for internal goal setting, CLC staff leaned on the approved CSPs for
potential enrolment and participation number projections. However, CLC staff noted that the CSPs used their experience
with the ADR Initiative in other PA territories, with larger populations and more commercial and industrial activity, to inform
their projects for CLC territory, which led them to be overly optimistic about how many participants they could recruit. The
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COVID-19 pandemic also limited CSP engagement with new prospects. Lastly, the Department of Public Utilities (DPU)
granted CLC permission to administer the ADR Initiative in February of 2020, which did not leave much time for recruitment
before the start of the summer season. These summer recruitment challenges impacted winter participation, as there was a
smaller pool of participants than previously anticipated to engage for the winter.
One CSP voiced disappointment that CLC did not allow generation resources to participate. One CSP told CLC staff
that they had a customer that was willing to participate with a backup generation resource. However, CLC’s board decided
not to allow generation resources to participate in the ADR Initiative. The CSP ultimately did not have any customers
participate in CLC’s winter 2020-2021 ADR Initiative.

5.1.3.2

Implementation

CLC collaborated closely with Eversource to deliver the ADR Initiative. At the outset of the current three-year plan
(2019-2021), DPU disallowed CLC from implementing the ADR Initiative. The DPU explained that CLC is not a “public utility
with the responsibility to maintain a safe and reliable grid;” rather, Eversource provides distribution services to CLC
customers, while CLC is the PA for energy efficiency programs in their territory. To ensure CLC’s ADR Initiative would not
“undermine [Eversource’s] obligation to provide safe and reliable service to its distribution customers,” DPU required that the
two PAs come to an official agreement on program coordination before they would reconsider allowing CLC to deliver the
ADR Initiative.
In September 2019, CLC submitted a Memorandum of Understanding (MOU) with Eversource that outlined that coordination
to the DPU. The MOU establishes Eversource’s authority to review the interconnection applications and dispatch plans and,
in cases where they believe a CLC’s asset interconnection or dispatch could adversely impact the operation, safety or
reliability of their grid, reject the applications or planned dispatches. The MOU also states that CLC will utilize the same
vendors as Eversource to develop and implement a dispatch platform. DPU reviewed the MOU and granted CLC approval to
implement the ADR Initiative in February of 2020.
CLC staff reported actively complying with the majority of the terms of the Agreement. They provided Eversource access to
their C&I DERMS platform and met with Eversource staff regularly to discuss program progress. They also provided formal
notification to Eversource when they wanted to call an event. Over the summer 2020 and winter 2020-2021 seasons,
Eversource did not override any events scheduled by CLC. Interviewed Eversource staff were highly satisfied with CLC’s
communication and coordination efforts.
One CSP did not integrate their DR asset with CLC’s DERMS platform, bringing CLC out of compliance with their
agreement with Eversource. One CSP that recruited a small participant for the winter season declined to spend the
resources to integrate with Enbala. This brought CLC out of full compliance with their MOU with Eversource, as not all of
CLC’s assets were visible to Eversource through the DERMS platform. CLC staff recognized that, while they had come to an
understanding with all CSPs that they were required to integrate their participants’ meters with CLC’s DERMS platform, they
hadn’t stipulated it in their contracts. CLC staff will be sure to include this clause in contracts moving forward. In the
meantime, CLC and the CSP agreed that if they recruit another asset, they would integrate their asset with the DERMS
platform. However, unless the CSP is able to quickly recruit sizable and/or multiple resources at low cost, CLC staff sees this
as a disincentive for them to keep recruiting. The CSP confirmed that this was their position and that they likely would not
further pursue recruitment for CLC’s ADR Initiative. Eversource staff did not mention CLC being out of compliance with the
MOU during their interview with the evaluation team.
Aside from the issues described above, CLC was generally satisfied with CSP performance and did not come up
against further significant obstacles in program delivery. CLC staff explained that the CSPs had been communicative
and cooperative and that the event notification process went smoothly.
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5.1.3.3

Settlement

At the time of the interview, CLC did not anticipate delays in the settlement process. By the time of the interview in
early May, CLC staff had completed manual data collection for non-integrated assets and had received additional missing
data from the CSPs. Enbala was compiling data from integrated assets and CLC staff anticipated receiving that data shortly.
CLC expected to be able to settle and provide payment of CSP invoices soon thereafter and without issue.

5.1.3.4

Participant satisfaction

While the CLC respondent plans to participate in future winter ADR Initiative seasons, they were not satisfied overall with the
winter 2020-2021 season. One out of four CLC participants responded to the customer survey. The respondent, a university,
reported having no issues enrolling in the program. The respondent planned to make manual building system adjustments to
decrease demand during a DR event. Their planned adjustments included turning off lights, running fewer chillers or
reducing chiller load in the building, reducing speeds on air handler fans and making temporary adjustments to variable
frequency drives on fans and pumps. The participant also reported planning to “activate an additional microturbine.” The
respondent said they only made some of their planned manual adjustments when an event was called because they were
able to reach their reduction goals without needing to implement their full DR strategy.
Relatedly, the participant was highly satisfied with the energy demand reductions they achieved and the delivery of event
notifications, giving both a score of 8 out of 10. The respondent was much less satisfied with all other aspects of the
program and gave the lowest score (a 3 out of 10) to their interactions with their CSP. Table 5-7 shows the rankings they
gave to each program component on a scale from 0- to 10-, with 0 being “not at all satisfied” and 10 being “extremely
satisfied.”
Table 5-7. CLC participant satisfaction rankings (n=1)
Program Component
The delivery of event notifications
The energy demand reductions achieved by your demand response solution/strategy
The overall program
The performance payment turnaround time
The performance payment amount
The information you received explaining how the ADR Initiative works
The information you received explaining how specific technologies/demand reduction solutions work

Rating
8
8
5
5
5
5
4

Your interactions with your curtailment service provider

5.1.4

3

Unitil

Unitil has three customers that have participated in the ADR Initiative summer seasons since they offered it for the first time
during the summer of 2019. However, Unitil has not had any participants in winter seasons. During the evaluation team’s
interview with Unitil staff, they explained that these customers have not been interested in participating during the winter
because the incentive payment is not enough.. Staff also reported an interest in looking into ways to help customers accrue
more financial benefits through the program, such as reduced local network service (LNS) or regional network service (RNS)
charges (i.e., customer demand charges). At the time of the interview, these plans were on hold in New Hampshire because
the Public Utilities Commission had not yet adopted an order to give this research the go-ahead.
Based on prior studies conducted by DNV, participant benefits and grid benefits (based on which the programs are currently
designed) are not necessarily coincidental. ICAP hour demand reductions would result in participant as well as grid benefits,
however, customer-specific monthly demand and network service savings may or may not be coincidental with DR events
since the DR events are called based on peak load forecasts on the ISO NE grid with no regional or nodal considerations.
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There was evidence in prior studies that daily dispatch schedules could be modified on non-peak days to maximize
participant benefits, however, all three Unitil customers participate in the targeted interruptible program and not the daily
dispatch programs.

5.2

Impact findings

This section provides impact evaluation findings described in the executive summary by PA and state for the only called
event during winter 2020-21. Results for the event on Friday, January 29th from 4:00 p.m. to 7:00 p.m. are calculated as the
average hourly load reduction.

5.2.1

Interruptible

Table 5-8 provides a summary of impact results for Eversource CT, Eversource MA, Cape Light Compact MA, and National
Grid MA. All results shown in the table are based on the assets that the evaluation team had sufficient data to estimate load
reduction. The number of assets or accounts evaluated is shown in the bottom row of the table.
Table 5-8. Interruptible impact summary by program administrator and state
Results
Enrolled
Settlement

Eversource
MA
26,947

Cape Light
Compact
MA
260

National
Grid
MA
57,414

Reported Asymmetric

8,966

13,128

246

29,196

Validated Asymmetric

8,966

13,149

246

29,196

Evaluated Asymmetric

8,050

11,446

218

31,542

Evaluated Symmetric
Evaluated Symmetric /
Reported Asymmetric

5,888

9,299

159

19,238

65.7%

70.8%

64.5%

65.9%

71

121

4

143

Enrolled Capacity
kW

Impact
Retrospective Realization Rate
Accounts

Eversource
CT
29,110

Validated results are either equal or within 1% of the reported results. Replication of the reported results provides confidence
in the evaluated results. The steps taken to replicate the settlement baseline and validate load reduction estimates reported
by initiative implementers are provided in an appendix.
Differences between the validated asymmetric and the evaluated asymmetric results reflect the differences in intent
between retail settlement versus impact evaluation. Generally, the evaluated asymmetric results are less than the validated
asymmetric results because negative load reduction estimates are reported as zero for settlement. For National Grid MA, the
evaluated asymmetric results are greater than the validated asymmetric results because load reduction estimates for
settlement may not exceed an asset’s maximum load during the 10 baseline days. All National Grid assets where reported
load reduction was bounded by maximum load during the baseline window (four instances) have behind-the-meter
generation. Load reduction is not bounded in the evaluated asymmetric results under the presumption that load reduction
can feasibly exceed maximum load during the baseline window for asset’s where behind-the-meter generation is present.
Differences between the evaluated asymmetric and evaluated symmetric results reflect differences in application of the
additive adjustment. Symmetric adjustments may shift the unadjusted baseline upward or downward, whereas asymmetric
adjustments only increase the baseline. If the adjustment is negative, the unadjusted baseline is used. The evaluated
symmetric results are lower than evaluated asymmetric results by the sum of negative baseline adjustments that are applied
to the symmetrically adjusted baseline.
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The realization rate is the ratio of the evaluated symmetric results to reported asymmetric results. The evaluated symmetric
results are the best estimate of load reduction for the winter 2020-21 season. The ratio shows how the choice of baseline
adjustment and calculation methods affect load reduction estimates. The realization rates are between 65.7% and 71.1%
and can be used to calculate symmetric results following winter seasons where no evaluation is conducted. Realization rates
during for the summer 2019 evaluation were between 78.3% and 99.8%. Winter realization rates are lower than summer
realization rates due to relatively less weather correlation during winter.
Figure 5-5 shows this difference in weather correlation by comparing the proportion (number of accounts are shown inside
each bar) of customer baselines that were adjusted versus unadjusted for the evaluated asymmetric baseline for each
summer 2019 and winter 2020-21 event. For each PA and state, the proportion of customer baselines that are adjusted for
summer events is greater than the proportion for winter events because more upward baseline adjustments are needed
during summer due to relatively more weather correlated load. The proportion of customer baselines with a positive
adjustment is directly correlated with the retrospective realization rate.
Figure 5-5. Comparison of asymmetric adjustments to summer 2019 (number of accounts)

Figure 5-6 through Figure 5-9 provide visual representations of the Friday, January 29th, 2021 event day for each PA by
state. Each of these figures show actual load (red line) and the unadjusted (light blue line), symmetrically adjusted (dark
blue line), and asymmetrically adjusted (green line) rolling 10-of-10 baselines. The adjustment window and event period are
shaded. In the four following plots, the key takeaways are:
•

The unadjusted baseline is a poor estimator of actual load.

•

The asymmetrically adjusted baseline is consistently greater than actual load during the adjustment window,
evidence that this baseline overestimates actual load and load reduction. The extent to which the asymmetric baseline
overestimates load and load reduction is determined by how low the unadjusted baseline is relative to actuals. For
example, the unadjusted baseline is the lowest relative to actuals for Eversource MA, where the asymmetrically
adjusted baseline overestimates actual load the least on a percentage basis. Because the unadjusted baseline
is low, the majority of sites have an upward adjustment, and the asymmetric adjustment has a limited effect. The
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unadjusted baselines for Eversource Connecticut and Cape Light Compact are also low relative to actual low, but to a
lesser degree than Eversource Massachusetts. In contrast, the unadjusted baseline for National Grid is greater than
actual load by a similar percentage as Eversource MA is less than actual load. For National Grid, the majority
of adjustments will be negative, and the asymmetric adjustment overestimates actual load by more than 10%.
•

Evidence of weather correlation during the winter is low. For example, National Grid’s unadjusted baseline is greater
than actual load on the event day. More generally, for all PAs, across winter non-event days, baseline error on the
coldest days was similar to overall baseline error. This is in contrast to summer, where weather correlation is well
established. During summer, the unadjusted baseline will consistently underestimate load on hotter days, whereas the
baseline is approximately unbiased across all non-event days.

•

The symmetric adjustment can fail if actual load during the adjustment window is not representative of non-event
load. Event-related effects such as pre-heating, shift cancellation, and baseline manipulation can cause the baseline to
be either under or overstated. There is no evidence of this for the only winter event.

•

The symmetric adjustment can only address the magnitude of the baseline, but not its shape. If the baseline is flatter
than the actual load, then the adjustment can cause the baseline to overestimate load after the event period. There
is some evidence of overestimation of load in the post-event period in each figure. This is the case despite the
expectation of some snapback which is caused by an uptick in consumption after the event has taken place. This
implies that a slight upward bias increases as the load shape moves away from the adjustment period. This would
cause a slight increase in estimated load reduction in later event hours when the event period is during a period of
downward ramp. It is worth noting that the asymmetrically adjusted baseline incorporates this upward bias along with its
other biases.
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Figure 5-6. Eversource - Connecticut - January 29th event

Figure 5-7. Eversource - Massachusetts - January 29th event

DNV – www.dnv.com

January 18, 2022

Page 44

Figure 5-8. Cape Light Compact - Massachusetts - January 29th event

Figure 5-9. National Grid - Massachusetts - January 29th event
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Table 5-9 summarizes the impact results by state. This table provides an overall picture of evaluation results compared to
reported results and illustrates the relative levels of load reduction provided in each state.
Table 5-9. Interruptible impact summary by state
Enrolled Capacity

CT
29,110

MA
84,621

Reported

8,966

42,570

Validated

8,966

42,591

Asymmetric

8,050

39,188

Symmetric
Evaluated Symmetric /
Reported Asymmetric

5,888

28,696

65.7%

67.4%

1

3

Enrolled
Settlement

kW

Impact
Retrospective Realization Rate
Program Administrators

5.2.2

Battery storage

Table 5-10 summarizes the performance of targeted and daily dispatch battery storage projects during the 2020-21 winter
season by PA and state. Note, while the table provides separate results for targeted and daily battery storage, there is no
daily dispatch schedule during the winter. The only called event for battery storage was Friday, January 29th from 4:00 p.m.
to 7:00 p.m.
Table 5-10. Battery storage impact summary

Result
Enrolled Capacity
kW

Targeted Battery Storage
Cape
Light
Compact
Eversource
MA
MA
280
108

Daily Battery Storage
Eversource
MA
2,600

Eversource
CT
200

Reported Performance

156

109

817

184

Evaluated Performance

156

109

817

184

kWh

Net Energy

215

3,868

88,396

5,754

Ratio

Discharge / Charge

68.6%

57.9%

43.3%

83.2%

100%

100%

100%

100%

1

2

6

1

Retrospective Realization Rate
Accounts

With the exception of two daily battery storage projects in Eversource MA, batteries performed as expected by discharging
during each interval of the event period. Performance relative to enrolled capacity varies by project, where performance for
five projects was 90% or more of the enrolled amount. The two Eversource MA batteries that did not discharge during the
event have a total enrolled capacity of 1.25 MW.
Figure 5-10 provides a visual representation of the Friday, January 29th, 2021 event day by PA and state. The figure shows
load; where negative load indicates discharging (shown in red) and positive load indicates charging (shown in blue).
The event period is shaded.
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Seasonal efficiency, or the ratio of discharged energy to energy consumed varies from project-to-project. Differences in
seasonal efficiency are driven by battery specifications and how the battery is metered and utilized. For example, the battery
with the lowest seasonal efficiency discharged during less than 5% of winter intervals, but trickle charged during more than
90% of intervals. The battery with the highest seasonal efficiency discharged nearly twice as frequently as it
discharged. Most batteries had a seasonal efficiency between 50 to 60 percent. Generally, the more frequently a battery
discharges, the higher the seasonal efficiency.
Battery operation on non-event days varies from project-to-project and day-to-day. Notably, most batteries did not discharge
from 4:00 p.m. to 7:00 p.m. on the 10 most recent non-holiday weekdays prior to the event. Only two batteries discharged in
more than 15% of winter intervals. Non-event day activity and baselines will be studied more as part of the summer 2021
evaluation.
Figure 5-10. Battery Storage - January 29th event

5.3

Greenhouse gas emissions research findings

This section reviews findings related to a secondary research effort to understand data sources for understanding
calculating carbon emissions and concludes with estimate of the amount achieved due to this program.

5.3.1

Secondary research

DNV explored two sets of questions with secondary research to supplement the results gathered from our primary research
and data analysis. They are:
What is the carbon impact of the avoided kW achieved by the program? What are the carbon impacts of the
different participating technologies?
What are the program design best practices in other jurisdictions that offer emissions-based DR programs?
We provide the results of our research for each in turn, beginning with our examination of the carbon impact of avoided kW
and different participating technologies. We review four studies below.

DNV – www.dnv.com

January 18, 2022

Page 47

Exploring carbon impacts of DR. A study from 2015 11 examined the carbon impacts of the DR issue using a model based
upon the EIA National Energy Modeling System. Multiple scenarios were exercised, with varying price-based load shifting
and load reduction assumptions developed from a literature review. A key feature of the study was a focus on emissions
changes for DR at “highly aggregated levels,” which we interpret to be a fully scaled DR program or portfolio. The paper has
two primary conclusions, each resting on the assumption that DR operates only at the top 1% of load hours. The first is that
price-based DR can defer large amounts of peak capacity construction. The second is that, in general, neither small nor
large levels of load shifting away from the peak 1% appear to significantly change CO2 emissions. A key observation of the
study was that DR during other intermediate periods (outside of the 1%) may increase opportunities to impact CO2
emissions (positively or negatively). This appears to largely turn on whether there is a “large portion of off-peak, low-carbon,
ramping renewable generation in the energy portfolio that can reduce carbon emissions on the margin by dispatching DR”.
Another study from 2016 12 in the United States looked at the use of real time demand response triggered at electricity price
points as part of mitigating the risk associated with the variability of renewable generation such as wind turbines. This study
was performed in the context of the Clean Power Plan, and simulated power system and market mechanisms via a twostage stochastic optimization framework with Monte Carlo modeling covering combinations of wind and load level. The study
concluded that a framework such as that in the Clean Power Plan can bring together renewable generation, price-based DR,
and changes in the merit order (i.e., natural gas units dispatched before coal-fired) to reduce emissions. The study goes on
to suggest that implementing any one of the initiatives on its own does not provide the emissions reductions of the
framework as a whole. It specially cites a concern that wind generation absent the use of real-time demand response could
lead to reliability and cost concerns.
A search for other studies identified no recent studies on the impact of DR on system emissions in the United States, but
some that assessed the carbon impact of various DR schemes in other countries, including Korea 13 and Ireland 14. The study
in Korea assessed the effects of DR bidding markets on generation. This study found that “despite its small presence in the
wholesale electricity market, demand-resource bidding can bring about marginal environmental improvements of about 2%
and 0.3% reductions in CO2 and PM emissions, respectively.” These findings were modestly statistically significant.
The research in Ireland concluded that “studies based on short-run estimates indicate that demand response can have a
negligible effect in certain power systems, and may even increase emissions, e.g., due to efficiency losses in domestic
battery systems. By contrast, where long-run structural impacts are accounted for, then demand response can achieve
considerable reductions in carbon emissions.” This appears to mean that larger system-level changes such as “changing the
dispatch of generation, reducing renewable generation curtailment, but particularly the decommissioning of peaking
generation and replacement with (less polluting) base-load generation” needs to accompany, or be in place, for DR to have
an emission impact.
Collectively, these studies suggest that demand response programs on their own show marginal or no positive net
environmental impacts with existing generation resources, although we acknowledge that two of the studies are from abroad
with different markets and systems. There is evidence among them that suggests DR as part of a broader set of system
activities aimed at reducing emitted greenhouse gases can produce reductions greater than implementing them individually.
Our broad takeaway of these studies is that coordinated efforts among stakeholders and policy makers are likely to have the
most success in reducing emissions from the electric grid beyond a singular pursuit of demand response.

11 Alexander M. Smith and Marilyn A. Brown, “Demand response: A carbon-neutral resource?”, 2015.
12 J. B. Cardella, C. L. Anderson, Targeting Existing Power Plants: EPA Emission Reduction with Wind and Demand Response
13 Minwoo Hyun and Jiyong Eom, “Assessing the impact of a demand-resource bidding market on an electricity generation portfolio and the environment.” 2020.
14 McKenna and Darby, How much could domestic demand response technologies reduce CO2 emissions?, 2017
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Exploring other emissions-based DR programs. We also performed research on emissions-based program design best
practices in other jurisdictions. We began this with a review of the 2019 Utility Demand Response Market Snapshot. 15 This
report gathers information from surveys and interviews of utilities from the across the country and provides state level policy
and DR initiative observations and an overall assessment of DR market trends. A broad characterization of the snapshot is
that utilities continue to primarily pursue DR to defer or replace generation capacity and encourage economical energy use,
but are not generally targeting it for carbon reduction. The report includes discussion of new technologies creating
opportunities to pursue DR in more innovative ways and observations around states that are introducing policies to nudge
the market to consider emissions reduction as a key DR outcome. However, as of the end of 2019, there was little mention
of DR initiatives explicitly targeting emissions reduction.
The snapshot did observe that “the embrace of carbon reduction programs in integrated resource planning is driving
increased DR adoption.” This is further supported in the SEPA utility survey results where it notes utilities beginning to pair
DR programs with technologies to deliver fuller DR impacts and additional grid services. In the utility survey, 68% of utility
respondents reported being interested in, planning, or piloting DR pairing with solar and solar, among other technologies. 16
Eversource, with its multiple DR and technology pilots, is clearly in the vanguard of this movement.
Xcel Energy has a commitment to reduce carbon emissions by more than 80% in their eight upper Midwest customer states
by 2030 and is formally incorporating DR in its plan to achieve this goal. In their Minnesota territory, Xcel formally
incorporated DR programs in its filings to help meet these carbon reduction goals. In their Colorado territory, Xcel similarly
deploys DR as a piece of their carbon reduction strategy. Despite this, research found no descriptions of carbon reduction
goals specific to the DR programs or DR event triggers that directly target carbon reduction.
Further research in E-source discovered utilities with programs similar to that of Connected Solutions, primarily in California
(SCE, PG&E, SDG&E) and New York (Consolidated Edison). However, events in these programs still appear to be driven by
price, forecasted load, or forecasted emergency situations and not for the explicit goal of carbon reduction. In short,
researchers found documentation of only one other administrator with a DR program that targets events explicitly for
emissions reductions and no details on it.
Technological considerations for a DR program targeting emissions reduction. Startup characteristics and duration to
go from cold state to fully operational is a consideration. A hypothesis discussed in detail in this report is that, if a DR action
can keep an oil or coal plant from coming online on a peak day, it could have emissions impacts during subsequent nonpeak days or weeks if the plant typically commits to longer periods of generation once started. DNV examined elements of
this theory as part of its secondary research effort.
Most coal-fired turbines can take more than 12 hours to start up (i.e., become operational from a state of full non-operation)
17. Petroleum-fueled

plants can start up much more quickly (within an hour). Most natural gas turbines can reach full

operation between 1 to 12 hours. Generator startup times differ across electricity-generating technologies because of the
differences in the complexity of the electricity generating processes themselves. The bullets below provide more detail on
generation technologies and start up times.
Relatively quickly: hydroelectric turbines (turbines spun by flowing water; most take ~10 min to startup) and simple cycle
combustion turbines (which use a combusted fuel-air mixture to spin a turbine; most take up to an hour to startup).

15 2019 Utility Demand Response Market Snapshot, September 2019.
16 2019 Utility Demand Response Market Snapshot, September 2019. Page 35.
17 https://www.eia.gov/todayinenergy/detail.php?id=45956
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Relatively slow: steam turbines (a fuel heats water to form steam, and that steam needs to reach certain temperature,
pressure, and moisture content thresholds before it can be directed to a turbine that can spin the electricity generator). All
coal and nuclear power plants use steam turbines.
The majority of natural gas fueled turbines in the United States are combined-cycle systems. They use natural gas to fire a
steam turbine and then use the exhaust gases to generate steam. The steam generation aspect puts them in the “relatively
slow” category. Some less efficient but faster starting simple cycle combustion gas turbines are in fleets, typically for shortnotice high-cost generation, as are natural gas steam turbine-only systems. 18
About 58% of New England’s natural gas capacity has dual-fuel capability 19 (i.e., they can switch to other fuels such as
petroleum-based fuels). In this region, winter periods of constrained natural gas can force some plants to ratchet down
output or shutdown. When this happens, dual-fuel units can continue generation on other fuels. This ability has been critical
for grid reliability during cold snaps. For example, during the bomb cyclone event (December 28, 2017 – January 8, 2018),
several dual-fuel capable generators switched from natural gas to petroleum to continue generating electricity.

5.3.2

Marginal emissions research findings

This section details the MER analysis results.

5.3.2.1

Analysis of third-party MER data to capture characteristics of carbon-intense
resources

This section summarizes the analysis of third-party MER data completed for this evaluation.
Analysis. DNV has access to MER data from a third-party source. We first sought to determine whether this data would
serve as an accurate proxy for the marginal GHG intensity of the grid on DR event days, which would allow us to use it
directly in our impact evaluation calculations.
The third-party data has the advantages of being load zone-specific and of being direct marginal emissions rate estimates,
as opposed to more general marginal fuel source estimates. However, because it is model-based and not reflective of actual
power plant activity on event days, analysts needed to verify the model.
To conduct this verification analysis, the evaluators integrated third-party MER data, ISO-NE fuel mix data, ISO-NE marginal
resource data, and NOAA weather data to identify any correlations between MERs, observed grid operations, and
temperature.
In particular, we focused on coal and oil, the two most carbon-intense resources on the grid, and sought to identify a
relationship between increases in coal and/or oil generation (MW) and an increase in MERs (lbs of CO2 per MWh). The
theory driving this approach was that, if coal and/or oil were being called upon to increase output, there was a high likelihood
that one of them would be marginal and contribute to an increase in the MER.
Findings. The evaluators were unable to identify a relationship between the third-party MER data and the operation of coal
and oil resources on the ISO-NE grid. While there was a clear relationship between temperature and the level of generation
from coal and oil on the grid – both during periods of extreme cold and extreme heat – the MER data did not appear to
respond to these changing weather and grid conditions. As a result, the evaluators determined that the MER data was not
an accurate proxy for actual grid marginal emissions available for the impact evaluation calculations.
A good example of how the MERs do not align with observed weather and grid conditions is shown in Figure 5-11.
18 Nationwide, 58% of natural gas generation capacity is combined cycle, 28% is combustion turbines, and 17% is steam turbines. However, about 90% of generated

energy is from combined cycle systems. https://www.eia.gov/todayinenergy/detail.php?id=34172 and https://www.eia.gov/todayinenergy/detail.php?id=39012.

19 https://www.eia.gov/todayinenergy/detail.php?id=37992.
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Figure 5-11. MER alignment with weather and grid conditions

This figure shows coal generation (MW), oil generation (MW), DBT (degrees F), and MER data overlaid for the period from
January 15, 2019, through January 22, 2019. This period was selected because temperatures were low for much of the
week, reaching -6 F, tied for the lowest temperature in 2019, on the morning of January 21. During this week, coal begins to
ramp up its output from approximately 100 MW on January 15 to about 400 MW from January 16–19 and to an average of
nearly 800 MW from January 19–21, the coldest portion of the week. Oil, which did not run for the majority of the week,
rapidly ramps from 0 MW to 1,600 MW throughout January 21st, suggesting that it was called upon for grid reliability
purposes, perhaps as natural gas was constrained by increased demand for residential heating. In the subsequent week –
January 22 through January 28 (not shown) – oil generation returns to 0 MW by 1 a.m. on January 23 and coal ramped
down in steps, first stopping at 200 MW and then reaching 0 MW by January 26, as temperatures increased throughout the
week.
These operations align with the evaluators’ expectations, based on their knowledge of the ISO-NE grid and market,
engineering judgment, and familiarity with the technological constraints of coal and oil power plants. Coal plants, for
example, tend to require more than 12 hours 20 to ramp up and can require even more time if being dispatched from a cold
start, while oil plants can be deployed much more quickly, often as a backup fuel. However, there is no observable variation
in the MERs in response to coal and oil ramping up throughout the week, as would be expected. Rather, the MERs vary
periodically, spiking around the same time each day, and do not appear to increase in magnitude as coal and oil ramp to
higher levels.
Takeaways. There are several key takeaways from this analysis.

20 https://www.eia.gov/todayinenergy/detail.php?id=45956
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•

The model-derived third-party MER data does not reflect observed grid activity in New England for short intervals on
extreme days. We conclude it cannot be used as an accurate indication of actual grid carbon intensity during and
surrounding DR events for this study.

•

A close review of the relationship between coal and oil operation and temperature confirms that the ISO-NE fuel mix
data appears to reflect “reality,” since the observed coal and oil “behavior” aligns with our expectations for extremely
cold periods. This increases our confidence in the ISO-NE fuel mix data and indicates that our high-level understanding
of the resources relied on during cold snaps is reasonable.

Data models typically require significant volumes of historical data to improve the accuracy of the model over time. It is
possible that model-based data sets like this one will become more accurate for short intervals during extreme conditions
over time, as more data from the extreme cold and hot periods of interest for this program’s purposes are collected.

5.3.2.2

Analysis of ISO-NE data to capture characteristics of carbon-intense resources

Analysts used ISO-NE grid data with NOAA weather data to understand the use patterns of coal- and oil-fired generators,
including assessment of:
•

Monthly energy generation trends by resource type over time

•

Typical start-up frequency and runtime duration over time

•

The impact of temperature on the coal and oil operations

The goal was to project their future use and expected DR GHG impacts. Specifically,
•

How likely are coal or oil to be marginal energy sources during future DR events?

•

Are they likely to be a source of “bonus” GHG savings outside of DR hours?

Historical analysis of monthly operational data. We first analyzed “runtime” and monthly generation from 2015 through
mid-2020 to understand the “typical” behavior of coal and oil over time.
Coal. A review of historical coal “runtime” data – shown in Figure 5-12 – shows that coal, as a resource type, was present in
the supply stack for nearly 100% of hours and at significant levels from 2015 until 2018. Starting in 2019, the entire New
England coal fleet began to shut down more frequently (though never for an entire month). 21 A change in the market and/or
in the New England coal fleet took effect in early 2018, as coal began to fall out of the supply stack entirely for more and
more hours each month, especially in non-winter months.

21 Here, “runtime” is defined as the percent of hours in the month that the given resource was generating power, i.e., had non-zero generation (MW). Note that this analysis

considers only the operation of the New England coal fleet in aggregate, as the data does not provide insight into the operation of discrete power plant operations.
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Figure 5-12. Historical coal “runtime” data

A review of historical monthly coal generation (MWh) data – shown in Figure 5-13 – shows how much energy was generated
by the New England coal fleet over time. There is a strong seasonality to coal generation, with the majority of generation
coming in the winter months in each year since 2015 (see Table 5-11, below Figure 5-13). Table 5-11 also shows that coal
generation has decreased for the last several years, with negligible generation in Winter 2019-2020. The long-term trend of
reduced coal generation is supported by the evolving market dynamics in New England and accelerated coal plant
retirements and suggests that coal may continue to dwindle in the region; as such, the evaluators suggest that coal may not
be an ideal target for carbon-based targeted DR efforts.
Figure 5-13. Monthly generation for coal

Figure 5-14 and Table 5-11 show the historical annual trend of reduced coal generation over time and the majority of coal
generation coming during the winter months.
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Figure 5-14. Coal generation over time

Table 5-11. Coal generation over time and in winter months
Percentage of Annual
MWh of Coal
Generation Produced in
Year
Generation
Winter Months
2015
4,474,103
64%

Months with At
Least 40% Runtime
12

2016
2017

3,159,382
2,334,809

55%
51%

12
12

2018
2019

1,192,759
449,220

74%
63%

7
8

2020
Total

64,798
11,675,071

84%
-

2

-

* Note, data was only available for January through June of 2020.
Oil. A review of historical oil “runtime” data shows that, as a resource type, oil has historically operated much more
intermittently than coal. In nearly 73% of the months from 2015 to 2020, an oil plant was running during fewer than 40% of
the hours in a month. 22 Oil has also demonstrated a recent drop-off in utilization, running for fewer hours in both 2019 and
2020 23 than in previous years. This apparent intermittent operation confirms that oil is rarely used as a baseload asset and
tends to be called upon when demand is high, supply is constrained, or the grid needs targeted support due to an extreme
weather, fuel security, or other contingency event.

22 Here, “runtime” is defined as the percent of hours in the month that the given resource was generating power, i.e., had non-zero generation (MW). Note that this analysis

considers only the operation of the New England coal fleet in aggregate, as the data does not provide insight into the operation of discrete power plant operations.

23 Data was only available for January through June of 2020, so it is possible that this trend reversed itself in the latter half of 2020.
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Figure 5-15. Monthly runtime

Analysis of monthly generation totals, which showed how much energy was generated by the New England oil fleet over
time, corroborates this. Aside from extremely high generation totals during polar vortex events in early 2015 and early 2018,
oil generated energy sporadically and in relatively low volumes, compared to coal. There was no long-term downward trend
in generation to indicate that oil plants were being retired at the same pace as coal plants; however, it would be difficult to
draw such a conclusion given oil’s low and sporadic generation.
Figure 5-16. Monthly generation for oil

Figure 5-17 and Table 5-12 show the trend of unpredictable annual generation levels for oil on the ISO-NE grid. The two
years with the highest generation totals featured polar vortex events. In fact, 61% of all oil-based generation produced in the
72 months between January 2015 and June 2020 was during just three months: February 2015, December 2017, and
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January 2018. This figure also shows that the majority of oil generated MWh comes during the winter months for each year
included in the analysis, with 84% and 89% of annual generation coming during the winter during 2015 and 2018,
respectively.
Figure 5-17. Annual generation levels for oil

Table 5-12. Oil generation
Year
2015

MWh of Oil
Generation
1,378,663

Percent of Annual Generation
Produced in Winter Months
84%

Months with At Least
40% Runtime
3

2016

524,757

52%

6

2017

706,657

79%

4

2018

1,169,843

89%

4

2019

168,288

56%

1

2020

63,860

53%

0

Total

4,012,068

The analysis described above suggests that oil is typically used as a responsive resource on the New England grid, called
upon during periods of extreme cold, supply constraints, or other contingency conditions. There is also no evident trend of oil
plant retirements, suggesting that oil will continue to play a specialized role on the New England grid into the future. Program
planners can expect oil to be a common marginal fuel source for the near future.
Typical startup frequency and duration. We then analyzed the ISO-NE fuel mix data to assess how frequently coal and oil
resources, in aggregate, “startup” – i.e., switch from a non-generating state to a generating state (going from 0 MW to
positive generation) – and how long startups tended to last, in hours. This analysis was geared toward understanding
whether there are any technical aspects of the two fuel types that might keep them online once they started up and whether
discrete startups tended to be longer during cold weather.
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Coal. Our analysis of coal operational data focused only on the period from January 2018 through July 2020, since coal
“runtime” behavior prior to 2018 was driven by what appears to be one or more base loaded units that rarely, if ever, shut
down. The analysis showed that, aside from one lengthy coal run (nearly 1,400 hours without falling back to zero generation)
and two runs that approach 300 hours each, most coal “runs” are less than 200 hours in duration. This data is summarized
in Figure 5-18; note that one week of “runtime” equates to 168 hours and that the y-axis is cut off at 400 hours to focus on
the most relevant data.
Figure 5-18. Summary of coal operational data

There were over 1,100 unique coal startups in this roughly two-and-a-half-year period, with an average run duration of 9.4
hours. Looking only at the winter months (November, December, January, and February), there were a total of 350 unique
coal startups averaging 14.2 hours in duration; 93% of these start-ups lasted less than 24 hours. The coal fleet, in
aggregate, frequently does provide relatively short bursts of power generation and is not locked into a days- or week-long
“generation run” due to any technical aspect of coal generating technology once dispatched by ISO-NE.
Oil. Our analysis of oil operational data included all data from January 2015 through July 2020. This analysis showed that,
aside from three 385+ hour-long runs (at least 16 days each), the vast majority (96%) of oil “runs” are less than 24 hours in
duration. This data is summarized in Figure 5-19; note that one week of “runtime” equates to 168 hours.
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Figure 5-19. Summary of oil operational data

There were over 2,100 unique oil startups in this roughly five-and-a-half-year period, with an average run duration of 7.5
hours. Over half of the start-up events had a duration of three hours or less and 96% of them were 24 hours or less. Looking
only at the winter months (November, December, January, and February), there were a total of 622 unique oil startups
averaging 9.3 hours in duration. Again, over half of the events were three hours or less, and 95% of these start-ups lasted
less than 24 hours. Figure 5-20 illustrates this.

Number of Winter Events
(1/2015 thru 7/2020, Nov-Feb only)

Figure 5-20. Duration of oil-fired events
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This analysis corroborates the fact that the oil fleet, in aggregate, is frequently called upon to provide power on an asneeded basis, with oil plants rarely being dispatched for long periods. Even more so than coal, there is no indication that any
technical aspect of oil generating technology requires an oil plant to stay “on” for an extended period of time once
dispatched by ISO-NE.
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Relationship between startup duration and temperature. In the next phase of our analysis, we analyzed ISO-NE fuel mix
data to assess how the duration of a coal or oil “start-up event” depends on temperature in the winter months of November,
December, January, and February. This analysis was intended to identify any relationship that exists between cold
temperatures and how long coal and oil plants run when dispatched, which would allow the evaluators to assess the
feasibility of predicting when dirty plants would come online and subsequently optimize the calling of DR events to maximize
emissions reduction impacts. After these results, we review the number of days with coal and oil generation that also had
temperatures below various thresholds (0°, 5°, and 10° Fahrenheit).
Coal. Our analysis of coal operational data again focused only on the period from January 2018 through July 2020, since
coal “runtime” behavior prior to 2018 was driven by what appears to be one or more base loaded units that rarely, if ever,
shut down. To visually identify the relationship between temperature and the number of hours coal stayed online when
dispatched, we plotted the data on a scatter plot; this data is summarized in Figure 5-21. Note that only winter coal startups
(November, December, January, and February) are included in this analysis.

Duration of Coal Run-time Event (Hours)

Figure 5-21. Relationship between temperature and number of hours coal stayed online
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The analysis showed that there is a relatively weak relationship overall between the minimum temperature measured during
a coal run-time period and how long the coal run-time lasts, as evidenced in the power curve fit R2 of 0.17. However, longer
coal runs do occur more often when temperatures fall below about 10⁰ F, at which there is a notable increase in the
incidence of longer coal run times when compared to a threshold of 20⁰ F. A closer look at the numbers reveals this finding:
•

There are 35 coal startups that include a minimum measured temperature at or below 20°F. The average run time
of these startups was 41.3 hours with 8 of them (23%) lasting more than 50 hours.

•

However, there are only 5 coal startups that include a minimum measured temperature at or below 10⁰ F. The
average run time of these startups was 132.4 hours with 4 of them (80%) lasting more than 50 hours.

Exploring the three longest coal startups – each at least a weeklong – we see they occurred when temperatures fell to 6°F,
7°F, and 13°F. Thus, it does appear that cold temperatures, potentially paired with other grid-straining conditions, can result
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in longer coal runs. While it would be difficult to predict when a cold snap would result in a weeklong vs. a shorter coal run,
Eversource could use these findings to justify calling more winter DR events based on temperature to potentially increase
the emissions reductions impact of the program.
Oil. Our analysis of oil operational data included all data from January 2015 through July 2020. To visually identify the
relationship between temperature and the number of hours oil stayed online when dispatched, we plotted the data on a
scatter plot; this data is summarized in Figure 5-22. Note that only winter oil startups (November, December, January, and
February) are included in this analysis.
Figure 5-22. Relationship between temperature and number of hours oil stayed online

Similar to the equivalent coal analysis above; although there is not a strong correlation between temperature oil and run
times overall, we do see an increased connection between extremely cold temperatures and duration of oil dispatches.
This becomes noticeable when temperatures fall below about 20°F and very clear when they go below 10°F. A closer look at
the numbers reveals this finding:
•

There are 119 oil startups that include a minimum measured temperature at or below 20°F. The average run time
of these startups was 26.2 hours with 13 of them (11%) lasting more than 50 hours.

•

There are 29 oil startups that include a minimum measured temperature at or below 10⁰ F. The average run time of
these startups was 72.6 hours with 10 of them (34%) lasting more than 50 hours.

•

There are 8 oil startups that include minimum measured temperatures below 0°F. Of these, 5 (63%) lasted at least
50 hours, with an average duration of 155.8 hours, or just shy of a week.

It is clear from the data that the two longest oil startups – each at least 16 days long – occurred when temperatures fell to 8°Fand -9°F. Extremely cold temperatures can result in longer oil runs. Thus, Eversource may be able to use these findings
to justify calling more winter DR events, particularly when temperatures are forecasted to go negative, as there is a
reasonable likelihood that oil will be online during those periods and may remain online for some time, offering the potential
to extend the program’s impacts beyond the day-of event if DR participation is able to keep an oil plant offline that would
have otherwise been dispatched.
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5.3.3

Analysis of marginal resource data

This section summarizes the analysis of marginal resource data, published by ISO-NE, and the effect of temperature on
marginal resources over time. Recall, marginal resources are the grid resource (or collection of resources) flagged by ISO
NE as supplying the next unit of load to the grid if demand were to increase; conversely, it would also be the next resource
to reduce its output if demand were to decrease.
Analysis. For this analysis, the evaluators consolidated the ISO-NE marginal flag data and compared it to dry bulb
temperature data to assess the marginality of different grid resources by time of day and temperature. We followed the
following process for this analysis:
1.

Iteratively segmented and filtered the data by temperature bin, focusing on cold weather periods; the successive
bins included all data below 30°F, 25°F, 20°F, 15°F, 10°F, 5°F and 0°F, respectively. E.g., only data that occurred
at or below a temperature of 15°F was included in the 15°F bin.

2.

Developed heat maps that visually convey the percentage of hours that each resource was classified as marginal in
each temperature bin.

Figure 5-23 shows a sample heat map for natural gas.
Figure 5-23. Heat map for natural gas

This figure shows that natural gas was classified as marginal for 63% of the midnight hours (hour 0) that occurred at
temperatures less than or equal to 30°F, 53% of the midnight hours occurring at temperatures less than or equal to 20°F,
and 35% of the midnight hours when temperatures were less than or equal to 0°F. This heat map allows for quick
identification of marginal resource trends by time of day and temperature across multiple grid resources.
Findings. Through this analytical approach, the evaluators were able to develop insights into how the five grid resources
that are most frequently on the margin behave as temperature changes, both in relative and absolute terms. Figure 5-24
highlights these findings for five fuel types: coal, oil, natural gas, wind, and hydro. One of these five resources (natural gas)
was on the margin at least 96% of the time from 2015–2020, and it is rare for another fuel type (coal) to be classified as
marginal in ISO-NE territory. In this figure, red cells indicate a higher marginal prevalence and green cells indicate that the
given fuel type was on the margin less frequently at that hour and in the respective temperature bin. Note also that the
actual percentages of time that each fuel type was on the margin in each temperature bin were stripped from these figures
for easier viewing; enlarged versions of these heat maps, with numerical values visible, are included in Appendix A.
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Figure 5-24. Findings for five fuel types

Several conclusions about the marginal behavior of the included fuel types can be drawn from these heat maps.
•

•
•

•

Natural gas is on the margin significantly more often than any other fuel type.
o It is marginal about 64% of the time when temperatures are below 30°F, but only 39% of the time when
temperatures are below 0°F.
Coal is on the margin the least often of all fuel types, as it is considered marginal during roughly 5% of hours
regardless of the temperature outside.
Several resources’ marginal behavior appears to be impacted by temperature:
o As temperatures drop, natural gas is marginal less of the time.
o As temperatures drop, both oil and wind tend to be marginal more of the time.

Oil is on the margin during 21% of hours when temperatures are below 0°F but only 5% of the
time when temperatures are below 30°F.

Wind is on the margin during 29% of hours when temperatures are below 0°F and 21% of the
time when temperatures are below 30°F.

It is not the case that wind delivers more marginal energy generation than oil; wind resources
frequently set local marginal prices (and are thus classified as marginal) in remote parts of New
England but are unable to export their power to the rest of the ISO-NE. This could indicate that oil
is more marginal in Eversource’s territory covered in this study than indicated in the figure above.
o Coal, already the least marginal resource, is considered marginal slightly less often when temperatures
drop.
Hydro power is also frequently considered marginal. It does not exhibit a strong temperature dependence. Rather,
hydro is most often on the margin from 6–10 a.m. and from 5–7 p.m.; these windows may coincide with periods in
which pumped hydro is discharged to address predictable morning and early evening load ramps.

Takeaways. There are several key takeaways from this analysis.
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•

Coal is rarely a marginal resource and has not historically shifted onto the margin during cold snaps. Combined with its
historical decline in use, there is little value in explicitly trying to call winter DR events to target coal as a marginal
resource.

•

Oil shows a strong shift to marginality as temperatures drop, reflecting its position as a quick-response contingency
resource on the New England grid. This temperature-dependence makes oil a good target for winter DR events,
especially when called during periods of extreme cold.

•

While natural gas is marginal less frequently as temperatures drop, it is still marginal for roughly 39% of hours in the
coldest temperature bin. Thus, even if oil is not on the margin when a winter DR event is called, there is a relatively high
likelihood that natural gas will be on the margin and DR resources with a carbon intensity less than that of natural gas
will still deliver GHG emissions reductions if they participate.

5.3.4

2020/2021 season carbon impact

During the three hours of the event on January 29, 2021, the following fuel resources were on the margin for ISO NE. The
percent of each resource on the margin in each hour has been weighted by the MW load each would contribute to the grid, if
needed. The bottom row shows the CO2 emissions rate as calculated in Section 4.3.4. The rightmost column shows the
marginal emissions rate for each hour using the percent of each fuel resource and their associated emissions rate.
Table 5-13. Summary of marginal fuels and event hour emissions rates

Hour ending
17
18
19
Fuel Emissions rates (MT
CO2/MWh)

Hydro
0%
14%
3%

Natural
Gas
87%
70%
86%

Wind
10%
16%
10%

Oil
2%
0%
0%

Wood
2%
0%
0%

Marginal
Emissions Rate
(MER)
Metric tons
CO2/MWh
0.4008
0.2996
0.3711

0.0

0.43

0.0

1.49

0.0

N/A

Table 5-14 shows the average MW reduction for each event hour by technology calculated as part of the impact results
presented in Section 5.2. Generators are included in this list as DNV was provided data on their operation by CSPs when
used as part of an interruptible strategy, though for emissions calculation purposes these are used as increase in emissions
output (as discussed below).
Table 5-14. Average MW impacts by DR technology and event hour

Technology/Reduction
Battery (MW)
Interruptible (MW)
Generators (MW)

Hour Ending
16
17
1.2
1.4
14.1
14.8
1.9
1.9

18
1.4
10.9
1.9

Table 5-13 provides carbon reductions in metric tons due to each DR technology in the Eversource MA and CT program for
each event hour on January 29th. Specifically, DNV used the load weighted marginal emissions data discussed in Table 5-13
with the impact reduction estimates in Table 5-14 . We also used a metric ton to ton conversion factor of 1.102 in this
calculation where needed. For example, the estimate of 0.55 tons of carbon impact reduction for batteries in hour ending 17
is calculated as the marginal emissions rate (0.4008 metric tons/MWh) for that hour times the battery reduction during that
hour (1.2 MW) times a conversion factor for metric tons to tons (1.102).
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While battery and interruptible technologies reduce grid demand and accompanying emissions during the event hours,
participants that operate diesel generators as part of their interruptible strategy have emissions associated with their
operation that needs to be accounted for in the net emissions change. This is shown in the three columns under generators,
which show the grid emissions reduction, diesel generator operation increase, and net combined impact. We used an
average generator efficiency of 40% 24 and standard assumptions and conversion factors 25 to calculate carbon emissions for
these generators of 0.65 metric tons/MWh. Despite this negative impact, we estimate the total carbon reduction of all
combined technologies is 15.75 tons of carbon.
Table 5-15. Tons of carbon impacts by DR technology and overall (Eversource)

Battery
Reduction
0.55
0.48
0.58
1.61

Hour
ending
17
18
19
Total

5.3.5

Interruptible
Reduction
6.25
4.87
4.47
15.59

Interruptible - Generators
Reduction
Increase
Net
0.84
-1.23
-0.39
0.64
-1.25
-0.61
0.78
-1.23
-0.45
2.25
-3.71
-1.45

Total
6.40
4.74
4.61
15.75

Review of ISO-NE market operation literature

This section summarizes the evaluators’ review of the ISO-NE market structure, compensation options available to power
generators, and the various methodologies the ISO-NE has employed to measure its marginal emissions rate.
Analysis. The evaluators reviewed several documents and data sets published by the ISO-NE, including the following:
•

The 2019 ISO New England Electric Generator Air Emissions Report

•

Several resources explaining the net commitment-period compensation (NCPC) mechanism employed by ISO-NE to
ensure generators are appropriately compensated for contingency-related operations that may not recover operating
costs

•

The ISO-NE Glossary and Acronyms webpage, which summarizes market-related terms and concepts

Findings. This section summarizes the findings of the above research, which focused on two primary items: the ISO-NE’s
MER calculation methodology and the NCPC mechanism.
Methodologies for calculating MERs. Over the past several years, ISO-NE has updated its methodology for calculating
MERs. In 2011, the ISO-NE developed an initial methodology for calculating the marginal emission rate based on the
marginal unit, called the “time-weighted approach;” this approach was then augmented in 2018 with the development of the
“load-weighted approach.” 26 The ISO-NE provides the following descriptions of these two approaches:
•

Time-weighted approach. This approach “involves calculating the percentage of time that each unit was marginal
in an hour based on the five-minute interval data.” 27 It is “based on the assumption that when there are multiple
marginal resources within a time interval, they split the load equally.” 28

•

Load-weighted approach. The load-weighted approach involves calculating “the amount of load served by each
[marginal] unit in a five-minute interval…to calculate the percentage of total system load served by each unit.”24 It is
“based on the percentage of system load a marginal unit can serve”24 and reflects the reality that many “renewable-

24 https://energyeducation.ca/encyclopedia/Diesel_generator
25 Kg CO2 / MMBTU (75.83), kg of CO2 / MWH (0.29307)

26 For a brief history of ISO-NE’s historical approach to estimating marginal emissions, see the 2019 Emissions Report, Section 2.1, p. 13.
27 2019 ISO New England Electric Generator Air Emissions Report, p. 10.
28 2019 ISO New England Electric Generator Air Emissions Report, p. 7.
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type generation resources with lower marginal costs are located in export-constrained areas of northern New
England,” and while they “frequently set real-time prices in these areas,” these marginal units have less of an
impact on LMPs than other resource types. 29
The evaluators assessed MERs using both approaches, as the ISO-NE does in its annual Emissions Reports. A comparison
between the two approaches is shown below.
Figure 5-25. Time-weighted approach on January 29, 2021

Figure 5-26. Load-weighted approach on January 29, 2021

Under the load-weighted approach, natural gas is clearly the “most marginal” resource on the day in question, with hydro,
wind, oil, and wood making up much smaller portions of the marginal load. This is because natural gas contributed
significantly more marginal power to the grid on this day, measured in GW. Compare this to the time-weighted approach
above, which weights all data intervals evenly and ignores the individual load contributions of each grid resource. In that
figure, it appears that wind is on the margin nearly as often as natural gas, even though it was supplying much less power to
the grid and would likely be unable to deliver a marginal MW to all locations on the grid at all times.
Net commitment-period compensation (NCPC). While the ISO-NE bulk grid’s operation is governed by the economic
dispatch model to minimize the cost of power generation while satisfying all physical grid constraints, the market-based
model is not able to dictate grid operation in all scenarios. During periods of extreme weather, loss of transmission capacity,
or unexpected generator outages, it is often necessary for the ISO-NE to dispatch additional resources, outside of the
29 2019 ISO New England Electric Generator Air Emissions Report, p. 8.
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economic dispatch model, as generation or reserve in order to ensure grid reliability. In these events, generators that are
called upon to operate in a way that is counter to their economic interests are compensated via a net commitment-period
(NCPC) payment to ensure they are “no worse off” than they would have been under the best alternative generation
schedule. 30
Generators may receive NCPC payments in a number of scenarios, including:
•

Contingency events, which can occur after the loss of a generation or transmission asset

•

Voltage events, when a resource is dispatched by ISO-NE to provide voltage control

•

“Lost opportunity” events, when a generator is dispatched to operate uneconomically due to other grid conditions
outside of the generator’s control, resulting in lost potential revenue

The evaluators researched the NCPC mechanism to understand whether it would be possible for a resource, such as oil, to
be kept online, operated uneconomically for a period of hours or days following a contingency event, and compensated via
NCPC. The overarching intent of this research was to better understand how and when oil operates on the grid and to
assess the effectiveness of predicting when oil would be the marginal resource. However, this research, paired with
supporting data analysis, indicates that the NCPC mechanism cannot be used to help forecast periods of oil being on the
margin or operating “out of merit order.” Publicly available ISO-NE marginal resource flag data do not provide sufficient
granularity to assess whether oil was dispatched via the economic dispatch model or called upon to provide contingency
support, and the NCPC payment records do not indicate which resources were the recipients of such payments.
Takeaways. There are several key takeaways from this analysis.
•

While there are several ways to estimate the marginal carbon intensity of the ISO-NE grid, the load-weighted approach
– the most recent methodology developed by the ISO-NE – appears to best capture the nuances of assessing each
marginal resource’s contribution to the next marginal MW and is thus the best approach for measuring MERs.

•

The NCPC mechanism does not appear to dictate whether and for how long oil might operate uneconomically after
being called upon to provide contingency and/or reserve support. As such, it cannot be used to improve forecasting of
when oil will be on the margin.

30 Source: https://www.iso-ne.com/markets-operations/markets/ncpc/
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6

SUMMARY OF KEY FINDINGS AND RECOMMENDATIONS

This section contains the findings of the process, impact, and greenhouse gas activities followed by recommendations and
considerations.

6.1

Process evaluation findings

The process evaluation team interviewed PA implementation staff and CSPs to identify successes and challenges in
initiative delivery during the 2020-2021 winter season. The team also surveyed participants to gauge barriers to entry and
customer satisfaction. The key findings from the process evaluation are summarized below:
•

PAs aren’t marketing the winter program because they don’t claim any benefits from winter performance.

•

Anecdotal evidence suggests that the existence of winter program helps CSPs recruit for the summer program.
This is a potential benefit of the winter program that requires more research.

•

Participants are satisfied with the program as a whole, but satisfaction in reductions & renumeration is relatively
low. Anecdotal evidence suggests that customers and CSPs are more confident in summer performance than
winter performance.

•

Reporting of shutdown days continues to be inconsistent. The CSPs & PAs stated that no shutdown days had been
reported, however, three surveyed Eversource customers stated that they had planned for and reported shutdown
days. No surveyed National Grid and CLC customers mentioned shutdown days.

•

The timing of end-of-season settlement is still an issue for CSPs and customers. Customers reported being unclear
of when they expected to receive payment. More clarity must be provided regarding settlement and payment
timelines.

•

There was an increase in communications between Eversource and CSPs regarding data quality and missing data
which was reported to be helpful by the CSPs.

•

One CSP reported that they had issues with mismatches in data between their meters and National Grid’s meters,
however, there is no uniform process for data reconciliation. Similarly, Eversource also had difficulties with missing
data and connectivity issues.

•

The event calls were smooth, and no issues were reported.

•

Some surveyed customers indicated that they would have liked more than one event so that they could make up for
lack of performance in one event during another event. This is contrary to traditional wisdom that less events would
be preferred by customers. Two factors could play into this finding: COVID-related production spikes and the nature
of winter participation being more production-dependent than weather-dependent.

6.2

Impact evaluation findings

•

All three PAs had one event during the 2020-2021 season: January 29, 2021 from 4 pm to 7 pm.

•

Data quality, availability, and ease of acquisition was better for Eversource and National Grid than prior years.
There were only 18 accounts with insufficient data which is much lower than previous evaluations.

•

The PAs use an asymmetrically adjusted 10-of-10 baseline for settlement while evaluation uses a symmetrically
adjusted 10-of-10 baseline to measure evaluated impact of the program on the grid.
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•

Evidence of weather correlation during the winter is low across all three PAs. For example, National Grid’s
unadjusted baseline is greater than actual load on the event day. More generally, for all PAs, across winter nonevent days, baseline error on the coldest days was similar to overall baseline error. This is in contrast to summer,
where weather correlation is well established. During summer, the unadjusted baseline will consistently
underestimate load on hotter days, whereas the baseline is approximately unbiased across all non-event days.

•

The PAs settlement methodology zeroes out negative performance at an event-level. Since non-performers would
statistically have equal positive as well as negative baseline errors, zeroing out the negatives at an event level
introduces an inherent bias into the demand reduction estimates.

•

The PAs have rules that cap the maximum achievable load reduction based on the baseline day load. While this
cap works for traditional curtailment customers, behind the meter generators can often achieve higher load
reductions depending on their deployment strategy.

•

The batteries provided the expected load reductions reliably, however, the seasonal battery efficiencies were found
to range anywhere from 43% to 83%.

6.3

Greenhouse gas emissions research findings

•

Coal plants have consistently and systematically been taken offline over the past five years and are not expected to
serve as a significant resource in the ISO NE grid. Hence, coal is not expected to be marginal and is not of concern
when determining future program design for reducing carbon emissions through demand response programs.

•

50%-60% of all natural gas power plants are dual-fired plants and so, when natural gas constraints occur (when it
gets cold, typically), oil becomes more marginal.

•

Natural gas is the marginal fuel a vast majority of the time.

•

No other programs currently use carbon triggers to call DR events.

•

Currently, all PAs are calling events based on peak load forecast. Eversource does consider other factors such as
LMPs, natural gas prices, natural gas pipeline utilization, natural gas compressor utilization, etc., but these factors
are secondary.

•

There is no evidence that suggests that calling events during peak load forecasts would result in keeping dirty
peaker plants offline for longer than the duration of the events because there is no way to predict which fuel will be
marginal during any specific day or hour. There are indications that oil plants run longer as the outdoor air
temperatures drop, so the likelihood of achieving carbon reductions is higher if events are called when outdoor air
temperature drops.

•

The estimate of total carbon reduction of all combined technologies in the Eversource (MA and CT) program is
15.75 metric tons. This estimate includes the net impact of reductions from diesel generators.

•

There is evidence from the secondary research performed in this study that that suggests DR as part of a broader
set of system activities aimed at reducing emitted greenhouse gases, can produce reductions greater than
implementing them individually. Coordinated efforts among stakeholders and policy makers that center on enabling
off-peak, low-carbon, ramping renewable generation on the margin are likely to have the most success in reducing
emissions from the electric grid beyond the singular pursuit of demand response.
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6.4

Recommendations and considerations

Recommendation 1: The PAs should set clear expectations with CSPs and customers regarding settlement and payment
timelines.
Recommendation 2: Establish data quality rules with clear outcomes for poor quality and/or insufficient data. The
evaluation team can provide a list of rules as a starting point to develop consistent rules. Establishing firmer expectations or
providing incentives are two possible means of motivating and ensuring clean and complete data in future initiative cycles
and minimizing back and forth with CSPs during the settlement process.
Recommendation 3: Remind and educate the CSPs of the shutdown allowance and reporting rule. The PAs could ask for
pre-planned shutdown information during the application/enrollment process. .
Consideration 1: The PAs could also adapt the shutdown rule to account for unexpected facility shutdown events.
Currently, to exclude a facility shutdown day from a customer’s baseline calculation, that customer or their CSP must notify
their PA at least seven days in advance of the shutdown. It is difficult to do this when a facility shutdown event is
unexpected. Consider the implications of allowing customers or CSPs to report the shutdown to the PA 24 hours before an
event is called.
Consideration 2: The PAs should consider modifying their settlement methodology. There are at least two options for
possible changes to settlement methodology:
•

Adopt a program settlement baseline that is similar to the ISO-NE’s settlement baseline, i.e., the symmetrically
adjusted 10-of-10 baseline. This option would be most accurate but would likely increase recruiting challenges.
Alternatively, this change could be made for program reporting purposes but not customer payment purposes,
leaving program the payment basis as is, asymmetric, but the inconsistency would increase administration
challenges.

•

Continue to use the same asymmetric baseline, however, rather than zero out negatives at an event level for each
customer, average the reductions, both positive and negative, across all events in a season and zero out negatives
at the season level. This change would keep customers from having to pay the program for negative reduction and
would still result in a baseline with upward bias but would reduce the methodological bias compared to the existing
calculation methodology. It would not have helped the Winter 2020-21 season as a single event was called, but it
would help for multiple event seasons.

Recommendation 4: Use the retrospective realization rates in Table 1-3 for the C&I interruptible participants and the
retrospective realization rates in Table 1-5 for the battery participants when populating the BCR for this program.
Consideration 3: Provide more clarity on the purpose of the winter program, including possibly studying the effect that the
existence of the winter program has on summer recruiting for CSPs as a claimable benefit. CSPs have stated that they are
less clear on the triggers for winter programs, so more clarity would likely also benefit their recruiting and performance.
Recommendation 5: Call additional winter events and modify the trigger to focus on extremely low temperatures when the
possibility of achieving higher carbon emissions reductions is elevated. This would have two benefits: it would give
participants multiple opportunities to make up for non-performance since some customers are limited by production needs
and may not be able to perform during every event. The second benefit is that calling events during the coldest days would
increase the chances of a natural gas constraint, which in turn would increase the likelihood that oil is on the margin with its
attendant carbon emissions. Calling one event, as was the case this winter, caught oil as a very low marginal resource (2%
of one hour), thereby minimizing carbon impacts of the event.
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Consideration 4: Consider studying the pros and cons of claimable load reduction caps since the existence of behind the
meter generation could allow for higher reductions, but would also make gaming easier with a day ahead notification as
used by the program.
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