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Conclusions & Questions

Participants in the Cape and Vineyard Electrification Offering (CVEQ) who install a two-battery storage system are
estimated to realize resilience NEIs of 5181 per year. Resilience NEIs are benefits that accrue to program pfticipants
from having an uninterrupted electricity supply from the program-supplied battery during a power outage onjhe grid.

What is the Value of
Lost Load (VoLL) most
applicable to the CVED

participants?

What is the annual lost load (kWh)
due to grid outages that the typical
participating home would
experience without battery storage?

How many kWh of
electricity can battery
storage provide during

these outages?

What types of resilience
MEls do participants
experience?

Methodology

Monetize the resilience
MEl estimates as a whole
using a VoLL-based top-
down approach

Combine annual load data
from BEopt building
energy modeling with
outage data

Determine the average
number, length, and
season of outages

during the study period

Conduct a review of
the literature on VolL

Conduct participant
enrollment surveys

Findings & Recommendations

The Team estimated the annual kWh of electricity supplied
by the battery systern during outages from an average year
by merging the BEopt load profiles with the outage data.

Birwind Livad . L L iad

fwverage seasonal critical load profile of a small
detached CVEOQ home and the load provided by a single
battery during power outages 2020 - 2022.

The Team recommends using the NEI estimates for the
standard BEopt model configuration, which are $162.08/year
for participants receiving one battery and 5181.00/year for
those receiving two batteries. If a single value is desired, we
recommend using a weighted average of 5174.68/year (two
thirds of CVEQ participants received two batteries while one
third received one battery.
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Executive Summary

This report presents the draft final results from the Non-Energy Impacts (NEIs) from Battery
Storage Provided to Income Eligible (IE) Customers Study (MA23X11-E-BATTNEI). The Cross-
Cutting NEI evaluation Team, led by NMR Group, Inc., with the support of Three® and DNV (the
Team), prepared this report for the Massachusetts Program Administrators (PAs).’

STubpY OVERVIEW

The overall goal of the study was to identify, assess, and monetize participant resilience NEls
associated with battery storage measures installed in homes occupied by income-eligible and
moderate-income households.

Cape Light Compact’s (CLC’s) Cape and Vineyard Electrification Offering (CVEO) provides
battery storage measures to income-eligible and moderate-income customers along with other
electrification measures. The study defined the resilience NEls as those benefits that accrue to
program participants from having an uninterrupted electricity supply from the program-supplied
battery during a power outage on the grid and monetized these benefits. The resilience NEls
developed in this study are applicable to similar offerings by other PAs.

The study used detailed outage data and building energy models to estimate the annual load that
would have been lost had participants not installed battery storage. It then used the concept of
the Value of Lost Load (VoLL) to monetize the avoided annual lost load. VoLL is an estimate of
the costs associated with electric grid outages and represents an approximate price that
customers are willing to pay per kWh for uninterrupted electricity. In other words, VoLL is the
value of unserved energy, and quantifies the value of impacts perceived by customers during
power outages.

Study Approach

The study developed two key inputs and used them in an algorithm to monetize resilience NEls
associated with battery storage.

1. A VoLL estimate ($/kWh) appropriate for the CVEO participants

2. The annual estimated lost load (in kWh) that battery storage would help avoid

STUDY FINDINGS

In this study, the Team first attempted to identify a VoLL estimate that would best represent the
value the CVEO participant would place on having uninterrupted power. The Team then
developed the average seasonal load profile for CVEO homes, average grid outages, and

' The PAs comprise Berkshire Gas, Cape Light Compact, Eversource, Eversource Gas of Massachusetts, Liberty
Utilities, National Grid, and Until.

-
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average kWh of lost load avoided to quantify and monetize the resilience NEIs. The Team also
reported on qualitative information about the benefits of battery backup through a participant
survey.

Estimate VoLL Applicable to CVEO Participants

The Team conducted a review of the literature on VoLL and identified a range of VoLL estimates
that can be applied to CVEO participants.

Upper-bound of VoLL Estimate for CVEO Participants

We identified a California Study, the 2021 Self-Generation Incentive Program (SGIP) Energy
Storage Market Assessment Study,? as providing the most applicable estimate of VoLL for the
CVEO study population. The 2021 SGIP study conducted a web-based willingness to pay (WTP)
survey to estimate VoLL for residential SGIP participants that adopted battery storage and solar
PV as well as a stratum of non-SGIP households that had adopted solar PV but had not yet
adopted battery storage.

The SGIP study authors identified the non-SGIP solar non-storage population as the next set of
likely adopters of battery storage. The VoLL from this population represents the best estimate of
incremental VoLL attributable to battery storage that is applicable to the CVEO participants that
we identified in the literature. Importantly, the 2021 SGIP included separate estimates of VoLL for
those with medical needs and those without. We assumed that 14% of the CVEO population had
a medical need based on the Low-Income Multifamily Health- and Safety-Related NEIs Study
(TXC50)3 to calculate a weighted VoLL estimate. The weighted VoLL estimate based on the SGIP
study is $13.82/kWh in 2022 dollars (2022$). The VoLL estimate from the SGIP study is for the
solar PV customers in California considering the addition of battery storage. Given this, and in
light of the recent wildfires in California and the associated risk of losing power for extended
periods of time, this VoLL estimate is likely an upper bound for the true VoLL for the CVEO
program participants. That said, Cape Cod and Martha’s Vineyard residents regularly experience
coastal storms and cold winters and are relatively isolated communities, limiting their access to
external assistance. Therefore, such a high VoLL value may be justified for the CVEO participants
because the CVEO households may be more concerned about catastrophic weather events than
the average US household.

Lower-bound of VoLL Estimate for CVEO Participants
We developed a lower-bound estimate of VoLL for residential customers in Massachusetts using
the LBNL’s Interruption Cost Estimate (ICE) calculator, which is a free, web-based, widely used

2 The SGIP is a program of California’s major investor-owned utilities (IOUs) that provides financial incentives for the
installation of behind the meter (BTM) distributed generation and energy storage technologies that meet all or a
portion of a customer’s electricity needs. The SGIP began in 2001 and has provided incentives to a wide variety of
distributed energy resources (DERs). While the program was initially designed to help address peak electricity issues
in California, the program focus has transitioned from peak load reduction to greenhouse gas (GHG) emission
reductions. Over the past decade, energy storage has experienced a significant increase in budget allocation,
applications, and incentive payments within the SGIP.
https://www.cpuc.ca.gov/-/media/cpuc-website/divisions/energy-division/documents/self-generation-incentive-
program/sqip-2021-market-assessment-study.pdf

3 https://ma-eeac.org/wp-content/uploads/TXC50 LIMF-HS-NEls-Final-Report 2021.08.12.pdf
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interactive tool for estimating interruption costs associated with power outages funded by the U.S.
Department of Energy and developed by LBNL and Nexant, Inc.*

The ICE calculator allows the user to enter specific inputs to estimate a VoLL specific to
Massachusetts residential customers. The weighted VoLL estimate based on the ICE calculator
is $2.77/kWh in 2022 dollars using the same assumption of 14% for the share of population with
medical need based on the TXC50 study.

The Team believes that the true VoLL value for the CVEO participants would be closer to the
SGIP study’s VoLL estimates than the ICE calculator's VolLL estimates given that CVEO
participants all have solar PV and are self-selecting into the program.

Estimating The Average Seasonal Load Profile for CVEO Homes

The Team used the Building Energy Optimization (BEopt) software to develop seasonal customer
load profiles for three prototypical modeled CVEO participant homes (see Appendix A and Section
3 for more details on the model configurations).

Figure 1 presents the average seasonal load profile for the critical load of a small detached CVEO
home, which is the most common type of single-family home in Massachusetts occupied by
households with annual income less than $75,000. This is the estimated critical load that the
battery storage would need to cover during an outage (see Section 3.2 and Appendix A.1 for more
details about the critical load).

Figure 1: Average Seasonal Critical Load Profile, Small Detached CVEO Home

Winter Spring
2.5 2.5
—~ 20 2.0
<
< 15 15
<
$ 1.0 1.0
o 05 0.5
8
8 0.0 0.0
. &
£ W N
S
(| Summer Fall
T 25 25
(@)
— 2.0 2.0
S
& 1.5 1.5
CI>J 1.0 1.0
< o5 05
0.0 0.0
. x
W W
Hour of Day

4 https://icecalculator.com/home
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Estimating Grid Outages

The team determined the average number, length, and season of outages in the Cape Light
Compact (CLC) service territory,® as reported in the Eversource service territory outage data
reported to the Massachusetts Department of Public Ultilities (htips://www.mass.gov/info-
details/power-outages#historic-power-outages-), for 2020 through 2022 (Table 1).8 This period
included outages from both a nor’easter (October 2021)” and a major winter storm (Winter Storm
Kenan, January 2022).8

Table 1: CLC Territory Outages, 2020 to 2022
Average

Average Total Total Hours of Outage
. Number of .
Outages Duration Customer- Experienced by
(Hours) Customers Hours Average Customer
Affected 2

2020 2,307 3.0 166 483,437 23

2021 4,722 17.6 127 7,426,010 35.7

2022 891 9.4 512 2,612,281 12.6

Average 2,640 12.4 182 3,507,243 16.9

Source: State of Massachusetts, Historic Power Outages, Eversource Energy https://www.mass.gov/info-
details/power-outages#historic-power-outages-

Estimating kWh of Lost Load Avoided & Resilience NEls

To estimate the kWh of lost load avoided during a power outage due to the presence of a battery
system, the Team estimated the kWh of electricity that the battery system can supply during the
outage by merging the BEopt load profiles with the outage data for each single-family home type
(large detached, small detached, and attached) and by number of batteries (one or two).°

The Team estimated the kWh of lost load avoided for two different battery configurations. The first
configuration used the standard BEopt configuration, which assumes that the battery storage
system is charged by the PV system and discharges throughout the day to offset kWh drawn from
the grid. As a result, the battery system does not always have a full charge at the start of an
outage. However, the model allows for the battery to continue to recharge and discharge during
an outage if sunlight is available to the PV system. Our second configuration assumed that the

5 https://www.capelightcompact.org/wp-content/uploads/2023/05/L et-Marini-05-01-23-CLC-AR-DPU-23-MA-FINAL -
CF.pdf

We included outage data for the following localities: the towns of Aquinnah, Barnstable, Bourne, Brewster, Chatham,
Chilmark, Dennis, Edgartown, Eastham, Falmouth, Harwich, Mashpee, Oak Bluffs, Orleans, Provincetown, Sandwich,
Tisbury, Truro, West Tisbury, Wellfleet and Yarmouth, and Dukes County.

6 At the time of the analysis, the 2022 outage data was the most recent data available.

7 https://www.nytimes.com/2021/10/27/us/cape-cod-noreaster.html

8 https://www.fema.gov/press-release/20230109/fema-awards-over-4-million-massdot-winter-storm-kenan-plowing-
costs

The Team notes that we examined aggregate reliability statistics, including total annual outage hours and average
outage duration, for the ten-year period from 2013 — 2022 for the Eversource service territory (US EIA 2023b). We
found that the ten-year averages were similar to the three-year averages analyzed in this study. The Team did not
forecast future changes in loads and outage patterns.

9 The Team notes that 8 out 12 properties received two batteries while four received one battery.
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battery system is configured to always have a full charge at the beginning of an outage. In other
words, the battery system would be used for resilience purposes only — i.e., it would maintain full
charge and discharge only during outages.®

The total amount of energy supplied by the battery system during power outages in each study
year was calculated using the BEopt modeling outputs joined to the historical outage data as the
yearly sum of:

kWh provided by battery system during each hour of the outage x the percentage of customers
affected by the outage

The results of this modeling were then averaged across the three study years and a weighted
average taken across the three housing types, as shown in Table 2 and Table 3.

Table 2: Average kWh Supplied by Battery System during Outages, Standard
BEopt Modeling

Home Type 2020 2021 Weight Weighted
Average
Small single family detached, one battery 1.78 23.21 7.69 68% 10.89
Large single family detached, one battery 2.23 31.01 9.79 20% 14.34
Single family attached, one battery 1.92 25.92 8.58 12% 12.14
Average kWh, One Battery 11.73
Small single family detached, two batteries 1.86 23.33 11.06 68% 12.08
Large single family detached, two batteries 2.30 38.45 9.91 20% 16.88
Single family attached, two batteries 2.02 26.03 9.63 12% 12.56

Average kWh, Two Batteries 13.10

Table 3: Average kWh Supplied by Battery System during Outages, Full Charge

Modeling
Home Type 2020 2021 2022 Weight Weighted
Average
Small single family detached, one battery 1.92 23.58 12.67 68% 12.72
Large single family detached, one battery 2.89 31.44 14.90 20% 16.41
Single family attached, one battery 2.14 26.34 14.20 12% 14.23
Average kWh, One Battery 13.64
Small single family detached, two batteries 1.99 23.60 15.99 68% 13.86
Large single family detached, two batteries  3.23 39.22 21.50 20% 21.32
Single family attached, two batteries 2.22 26.37 17.24 12% 15.28

Average kWh, Two Batteries 15.52

Table 4 presents the annual NEI estimates using the VoLL estimates from the SGIP study for the
two configurations separately for homes with one and two batteries.

9 The modeling did not attempt to distinguish battery performance by type of batter provided (Tesla Powerwall
battery vs Enphase battery) as these details were not known at the time the modeling was conducted for the study.

e 3’
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Table 4: Resilience NEIs from CVEO Battery Storage (Using VoLL from SGIP
Study)

Home Type Battery Weighted Annual kWh of Lost Annual NEI
Configuration VolLL Load Avoided Estimate Per Home

(A) (2020—-22 average) (20229)
(B) (AxB)

Single Battery, Standard BEopt

average home model 11.73 $162.08
Two batteries, Standard BEopt

average home  model 13.10 $181.00
Single Battery, Full charge $13.82

average home 13.64 $188.45
Two batteries, Full charge

average home 15.52 $214.46

CVEO Survey Results

The Team coordinated with the Cape and Vineyard Electrification Offering Evaluation (MA24X29-
E-CVEO) study to include a short battery of questions with the participant survey to provide
insights to the types of resilience NElIs the participants may have experienced or might experience
in the future.

Only five survey respondents indicated that they either already had a battery system installed
through CVEO (3) or were going to have batteries installed through CVEO (2). A sample size of
five does not allow for making reliable statistical inferences about the CVEO population or making
any adjustments to the NEls based on the percentage of households with medical needs. None
of the respondents indicated that they or anyone in their household had a medical or health
condition that requires the use of one or more medical devices that require electricity. The rest of
the survey results are reported in Section 4.

RECOMMENDATIONS

Recommendation. The team recommends using the NEI estimates for the standard BEopt model
configuration, which are $162.08/year for participants receiving one battery and $181.00/year for
those receiving two batteries. (Table 4). If a single value is desired, then we recommend using a
weighted average of $174.68/year because two thirds of CVEO participants received two batteries
while one third received one battery.

Consideration. Once more program data are available, the PA can consider updating the NEI
value based on the proportion of program homes receiving one and two batteries and type of
battery configurations adopted by program participants.

Consideration. If the other PAs develop offerings similar to the CVEQO, they may consider using
DPU outage data to develop PA-specific values or a statewide average of the grid outages and
associated lost load that battery storage can help avoid. This would in turn affect the NEI values.
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Consideration. If CVEO enrollment opens again or, if the other PAs develop offerings similar to
the CVEO, they may consider conducting additional participant surveys in order to develop
program-specific estimates of households with a medical or health condition that requires the use
of one or more medical devices that require electricity and adjust the NEI values accordingly.
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Section 1 Introduction

This report presents the draft final results from the Non-Energy Impacts (NEIs) from Battery
Storage Provided to Income-Eligible (IE) Customers Study (MA23X11-E-BATTNEI). The Cross-
Cutting NEI evaluation Team, led by NMR Group, Inc., with the support of Three®* and DNV (the
Team), prepared this report for the Massachusetts Program Administrators (PAs)."

This was a quick-hit study to assess the resilience non-energy impacts (NEls) from battery storage
measures provided to income-eligible and moderate income customers as part the Cape Light
Compact’'s (CLC’s) Cape and Vineyard Electrification Offering (CVEQ)." The study defined the
resilience NEIs as those benefits that accrue to program participants from having an uninterrupted
electricity supply from the program-supplied battery during a power outage on the grid and
monetized these benefits. The resilience NEIs developed in this study are applicable to similar
offerings by other PAs.

The study used detailed outage data and building energy models to estimate the load that would
have been lost had participants not installed battery storage. It then used the concept of the Value
of Lost Load (VoLL) to monetize the avoided lost load. VoLL is an estimate of the costs associated
with electric grid outages and represents an approximate price that customers are willing to pay
per kWh for uninterrupted electricity.’® In other words, VoLL is the value of unserved energy, and
quantifies the value of impacts perceived by customers during power outages. To avoid any
double counting, the study also examined any overlap with the “Value of Reliability” in the 2021
Avoided Energy Supply Components in New England (AESC) study,’ which also utilized the
concept of VoLL in valuing reliability benefits from energy efficiency measures.

1.1 GOALS, RESEARCH QUESTIONS AND OUTCOMES

The overall goal of the study was to identify, assess, and monetize participant resilience NEls
associated with battery storage for income-eligible customers.

" The PAs comprise Berkshire Gas, Cape Light Compact, Eversource, Eversource Gas of Massachusetts, Liberty
Utilities, National Grid, and Until.

12 https./fileservice.eea.comacloud.net/FileService.Api/file/FileRoom/16904859

13 https://www.nrel.gov/docs/fy190sti/74673.pdf

4 Synapse Energy Economics, Resource Insight, Les Deman Consulting, North Side Energy, Sustainable Energy
Advantage “Avoided Energy Supply Components in New England: 2021 Report,” Submitted to AESC 2021 Study
Group, May 14, 2021, https://www.synapse-energy.com/sites/default/files/AESC%202021 20-068.pdf

The AESC study identifies several ways that reductions in electric loads can improve reliability: (1) it can increase
installed generation reserves and reduce the probability of inadequate supply; (2) it decreases the thermal wear and
tear on transformers and conductors and thereby reduce failures; (3) it reduces the probability of overloads on T&D
equipment to reduce faults.
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1.2 STUuDY BACKGROUND

The frequency and intensity of extreme events and resulting power outages has been increasing
and is predicted to continue increasing.'® Outages, particularly during extreme weather events,
can lead to weather-related illnesses, emergency room visits, and even death, and can result in
property damage such as spoiled food and medications. Electricity provided by battery storage
systems during a power outage on the grid can mitigate these and other effects.

The CVEO is a strategic electrification and energy optimization offering for low- and moderate-
income residential customers'® with an initial goal of enrolling 100 low- and moderate-income
residential customers'” to (1) convert their oil, propane, or electric resistance heat to cold climate
air source heat pumps and convert their fossil fuel cooking appliances to electric cooking
appliances, (2) install solar PV systems'® to support electrification of their heating systems, and
(3) weatherize the home."® For a subset of these customers, the CLC also installs battery energy
storage for demand response and resiliency.

The CVEO offering provides incentives that cover 100% of the cost of battery storage for low-
income customers and moderate-income customers residing in deed-restricted properties.
Moderate-income customers in non-deed-restricted properties are eligible to finance battery
storage with a HEAT Loan (but program staff note that no batteries were ultimately installed in
non-deed-restricted properties). The CLC offering is designed to install two batteries per low-
income customer's home and deed-restricted moderate-income properties unless there are
interconnection limitations, and one battery per non-deed-restricted moderate-income properties
that finance battery storage.?°

Note that customers receiving battery storage systems as part of the CVEO are required to
participate in the ConnectedSolutions demand management program. Participants receiving a
100 percent incentive for battery storage (i.e., low-income customers and moderate-income
customers living in deed-restricted housing) are not eligible to receive any incentives provided

5 See, for example: Apex Analytics. 2022. EE resilience literature review and expert interview findings
https://nwcouncil.app.box.com/v/ResilienceLitRvw

Levenson, Michael. 2023. Heat Wave and Blackout Would Send Half of Phoenix to E.R., Study Says. NY Times.
https://www.nytimes.com/2023/05/23/climate/blackout-heat-wave-danger.html?smid=nytcore-ios-
share&referringSource=articleShare

https://www.nrel.gov/docs/fy230sti/83092.pdf
https://eta-publications.lbl.gov/sites/default/files/erss_manuscript_preprint 0.pdf

6 Low-income customers are households with annual income at or below 60 percent of state median income and
moderate-income are households with annual income of 61 to 80 percent of state median income.

7 Due to CVEO budget constraints and high costs for moderate income customers not in deed restricted homes, a
total of 55 customers were enrolled.

'8 For the PV systems, the CLC assumes an installation size of 7.43 kilowatts (“kW”) direct current (‘DC”) (or 7.10 kW
alternating current (“AC”) per household.

9 The CVEO was developed in response to the passage of the 2022 Climate Act. Section 87A of the 2022 Climate
Act which has the following provisions: “...any electric distribution company or municipal aggregator with a certified
efficiency plan may submit proposed low- and moderate-income whole building efficiency, electrification and
greenhouse gas emission reduction offerings to a limited number of participants within the low- and moderate-income
customer groups to the department of public utilities for review.”

20 The CLC assumes a power rating of 5.0 kW and a capacity of 13.5 kWh per battery. For some participants, only
one battery will be installed. For homes with capacity greater than 15 kW only one battery will be installed as NSTAR
Electric is not currently able to process interconnection applications for capacity greater than 15 kW.
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through the ConnectedSolutions program. This means that the ConnectedSolutions program
incentive payments for battery storage are not counted as participant NEls.

1.2.1 Defining and Quantifying Resilience

Resilience is often defined from the perspective of a power system and is the ability to anticipate,
prepare for, and adapt to changing conditions and withstand, respond to, and recover rapidly from
disruptions through adaptable and holistic planning and technical solutions. Resilience metrics
are used to quantify the ability of an energy system to prepare for and adapt to changing
conditions, and for the system to absorb, adapt to, and recover rapidly from disruptions. The focus
is generally on preparing the system for high-consequence disruptive events that result in outages
that can last hours, days, or even months. These outages lead to widespread impacts on other
critical infrastructures and parts of the economy.?' As noted in Section 1.2, the frequency and
intensity of extreme events and resulting power outages has been increasing and is predicted to
continue increasing. This, in turn, can increase the kWh of lost load that battery storage helps
avoid in future years.

However, for this study, we are defining resilience in relation to buildings. Resilience can be
understood from the perspective of a home and the home’s ability to withstand disruptions.?? A
recent study completed by Apex Analytics for the Regional Technical Forum (RTF), Energy
Efficiency Resilience Valuation Methodology Study, provides a definition of resilience from the
perspective of a home or building and in relation to energy efficiency measures:

¢ Building Resilience: the ability for buildings to prepare for, mitigate, and recover from the
negative occupant and/or physical impacts of infrequent—but extreme—events (e.g.,
extreme weather and/or electricity grid outages).

In the case of battery storage, the team focused on the ability of the battery storage system to
provide uninterrupted electricity supply during an outage and provide benefits to the building
occupants or owners. Residential resilience can be quantified using a number of approaches.

e Bottom-up approach involves identifying and quantifying the array of potential impacts,
including health and safety impacts (e.g., avoided thermal stress or avoided failure of
medical equipment) and property impacts (e.g., avoided food and medicine spoilage,
avoided pipe freezing, avoided basement flooding, etc.).

¢ Value-based top-down approach involves estimating the VolLL (i.e., the average price
per kWh that participants would be willing to pay to avoid the disruption of electricity

21 See, for example, NREL's Valuing Resilience In Electricity Systems: https://www.nrel.gov/docs/fy190sti/74673.pdf ,
NREL’s Energy System Resilience research (https://www.nrel.gov/security-resilience/energy-resilience.html), and
Apex Analytic’s recent study for the Regional Technical Forum (RTF): Energy Efficiency Resilience Valuation
Methodology Study

https://eta-publications.lbl.gov/sites/default/files/erss_manuscript_preprint 0.pdf

The NREL paper provides a brief overview of potential resilience performance metrics that quantify how resilient an
energy system is. Examples include: customer outage time (hours); load not served (kilowatt-hours); number or
percentage of customers experiencing an outage (# or %); number of critical services (e.g., hospitals or fire stations)
without power (#); time to recovery (hours); cost of recovery ($). The most common metric for valuing resilience is
value of lost load (VoLL), which may include loss of assets and perishables, business interruption costs, and recovery
costs.

22 A home can also provide resilience to the power system.

=
— onv e’

10


https://www.capelightcompact.org/enrollmybattery/
https://www.capelightcompact.org/enrollmybattery/
https://rtf.nwcouncil.org/other/energy-efficiency-resilience-valuation-methodology-study/#:%7E:text=The%20Northwest%20Power%20and%20Conservation%20Council%20in%20its,contracted%20with%20Apex%20Analytics%20to%20perform%20a%20study.
https://rtf.nwcouncil.org/other/energy-efficiency-resilience-valuation-methodology-study/#:%7E:text=The%20Northwest%20Power%20and%20Conservation%20Council%20in%20its,contracted%20with%20Apex%20Analytics%20to%20perform%20a%20study.
https://www.nrel.gov/docs/fy19osti/74673.pdf
https://www.nrel.gov/security-resilience/energy-resilience.html
https://rtf.nwcouncil.org/other/energy-efficiency-resilience-valuation-methodology-study/#:%7E:text=The%20Northwest%20Power%20and%20Conservation%20Council%20in%20its,contracted%20with%20Apex%20Analytics%20to%20perform%20a%20study.
https://rtf.nwcouncil.org/other/energy-efficiency-resilience-valuation-methodology-study/#:%7E:text=The%20Northwest%20Power%20and%20Conservation%20Council%20in%20its,contracted%20with%20Apex%20Analytics%20to%20perform%20a%20study.
https://eta-publications.lbl.gov/sites/default/files/erss_manuscript_preprint_0.pdf

NEIS FROM BATTERY STORAGE PROVIDED TO IE CUSTOMERS (MA23X11-E-BATTNEI)

supply) and multiplying it by the lost load that battery system would help avoid to value
the benefits.

¢ Cost-based top-down approach involves determining the marginal abatement cost, or
the cost of a baseline alternative investment that delivers the same services.??

Because the AESC study already uses a monetized VoLL in its estimate of the Value of Reliability
and there is extensive existing literature on VoLL, the Team took a value-based top-down
approach and identified a VoLL estimate that is appropriate for the study population of CVEO
participants.

1.3 APPROACH

The study developed two key inputs and used them in an algorithm to monetize resilience NEls
associated with battery storage.

1. A VoLL estimate ($/kWh) appropriate for the CVEO participants
2. Annual estimated lost load (in kWh) battery storage would help avoid

The Team first conducted a review of the recent literature on VoLL to assess whether VoLL can
be used to value participant resilience NEls, to evaluate how VoLL differs for low-to-moderate
income customers and for customers that live in homes that use electricity for heating, and to
identify a VoLL appropriate for the CVEO participants.

Second, the Team determined the number, length, and season of outages in the CLC service
territory using outage data reported to the Massachusetts Department of Public Utilities in the
most recent three years for which these data are available.?* The Team used the Building Energy
Optimization (BEopt) % software to develop seasonal customer load profiles for modeled CVEO
participant homes. By merging outage data with load profiles, the Team estimated the average
amount of lost load (in kWh) that battery storage will help avoid based on the capacity of the
batteries incentivized through the program.

In addition, the Team coordinated with the CVEO Evaluation (MA24X29-E-CVEOQ) to include a
short battery of questions with the participant survey. These questions were intended to provide
insights to the types of resilience NEls the participants may have experienced or might experience
in the future. For example, the Team asked participants about the presence of medical issues
that make them vulnerable to outages and their experiences with grid outages. The survey also
sought to collect information that can help refine the VoLL estimate for the CVEO participants.

23 See Apex Analytics Energy Efficiency Resilience Valuation Methodology Study

24 The outages for the CLC territory are reported as part of the Eversource Energy Historic Power Outages, State of
Massachusetts, Historic Power Outages, Eversource Energy htips://www.mass.gov/info-details/power-
outages#historic-power-outages-

25 hittps://www.nrel.gov/buildings/beopt.html
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1.4 REPORT ORGANIZATION

Section 2 presents our research methodology. Section 3 presents the results of the study,
including upper- and lower-bound estimates of VoLL derived from the literature; our estimate of
the average seasonal load profiles for three prototypical modeled CVEO participant homes; the
3-year average number, length, and season of outages in the Cape Light Compact service
territory; our proposed values for the resiliency NEls attributable to CVEO-provided battery
storage; and study limitations. Section 4 presents the survey results from the short battery of
resilience questions included in the Cape and Vineyard Electrification Offering Evaluation
(MA24X29-E-CVEO) survey. Appendix A presents the study team’s proposed configuration of the
three prototypical models of the participating CVEO homes. Appendix B presents our summary
of the literature reviewed for the study. Finally, Appendix C presents our references from the study
and literature review.
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Section 2 Research Methodology

2.1 EsTIMATE VOLL ApPPLICABLE TO CVEO PARTICIPANTS

As a first step, the Team coordinated with the Synapse 2024 AESC study team to determine the
extent to which the 2024 AESC’s VolLL estimate captures the resilience NEls for the average
residential customer. Through this coordination, the Team also assessed whether there might be
any overlap between the two studies in terms of potential resilience NEIs that are accounted for
in the AESC study and any changes from the 2021 AESC study in the methodology for estimating
the VoLL. The Team was able to confirm that there would be no double counting of any benefits
already accounted for in the AESC study in resilience NEI estimates from battery storage.

The second step consisted of a review of the recent literature on VoLL to:

e Further assess the extent to which VoLL estimates include the full value of participant
resilience NEls.

¢ |dentify additional residential VoLL estimates available in the literature, including any
studies that attempt to estimate VoLL for low-to-moderate income customers.

o Estimate a VoLL specific to low-to-moderate income customers and customers that live in
homes that use electricity for heating.

The Team reviewed 22 studies and journal articles on VoLL and resilience benefits of battery
storage, focusing on studies published since 2015 or studies identified as seminal or frequently
cited within the literature (see Appendix B).

The Team also attempted to identify and review studies that use a bottom-up approach to estimate
resilience NEls from battery storage. The intention of this step was to provide a benchmark
against the NEI estimate we developed in this study using a VolLL-based top-down approach.

2.2 DEVELOP ALGORITHMS AND DETERMINE OTHER INPUT VALUES

In Task 2, the Team developed the following algorithm to estimate the battery storage NEls and
determined values for the inputs (other than VoLL) in the algorithm.

NEI per Home per Outage = VOLL_cveo($/kWh) * Total kWh supplied by the battery system?®
during the outage?” * (total number of customers affected by the outage/total number of
customers)?.

26 A battery system can contain one or two batteries.

27 During an extremely long outage, it is possible that the battery would be recharged by the PV. So, the total kilowatt-
hours supplied by the battery system during a long outage can be more than the battery system’s total usable
capacity.

28Total number of customers affected by the outage divided by total number of customers equals the probability of a
customer being affected by the outage.

.
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To implement this algorithm, the team completed the following steps:

¢ We collected and analyzed data on outages for the three most recently reported calendar
years (2020 to 2022)?° in the Cape Light Compact service territory, as stated in the
Eversource service territory outage data reported to the Massachusetts Department of
Public Utilities (https://lwww.mass.gov/info-details/power-outages#historic-power-

outages-).
o We estimated the total kWh that can be supplied by the battery system during each outage

based on the seasonal customer load and outage duration, battery system capacity, and
battery reserve margin.

o The Team used Building Energy Optimization (BEopt)*° V3 to develop seasonal
customer load profiles for prototypical models of CVEO participant homes (i.e.,
homes that have been weatherized, use electric heat pumps for heating and water
heating, and have solar PV and battery storage). We modeled three different home
types relevant to this service territory (i.e., small single family detached, large
single family detached, and single family attached). The Team worked with the
PAs and EEAC advisors to develop the characteristics of the three prototypical
models (see Appendix A).?!

o The Team worked with the study group to specify the configuration of the models
of the participating homes’ PV systems and battery storage systems, the load of
the home connected to the battery system, and how the system functions during a
power outage. We used this information to specify the three prototypical models.*?
The homes were configured as follows:

= Participating homes were configured to have the PV panels charge the
battery during an outage.®?

= The homes drew on the battery during an outage.

= |f the PV system fully recharged the battery during an outage, the PV
system temporarily shut down to avoid exports to the grid. The PV system
began recharging the battery once the battery charge was drawn down.

= The participating homes had a critical load connected to the battery system.
Only the critical load was powered by the battery system during an outage,

29 At the time of the analysis, the 2022 outage data was the most recent data available.

30 https://www.nrel.gov/buildings/beopt.html

31 The Team assumed the CVEO offering is limited to single family homes because, according to the DPU Order, the
funding for CVEO is from the Department-approved income-eligible sector budget from the “single-family sub-
offering” of the CLC’s Income-Eligible Core Initiative.

32 For example, a home could be configured to have the PV system charge the battery during an outage and have the
home draw on the battery during the outage. Another possible configuration would be for the PV system to power the
home directly during an outage, and if production exceeds the home’s demand, charge the battery with the excess
production.

33 |t is also possible for a home to be configured to have the PV system to power the home directly during an outage,
and if production exceeds the home’s demand, charge the battery with the excess production.

NMR =—— Thrgg3 14


https://www.mass.gov/info-details/power-outages#historic-power-outages-
https://www.mass.gov/info-details/power-outages#historic-power-outages-
https://www.nrel.gov/buildings/beopt.html

NEIS FROM BATTERY STORAGE PROVIDED TO IE CUSTOMERS (MA23X11-E-BATTNEI)

and the critical load was the basis for the NEI analysis (see Section 3.2 for
more details on the critical load).

» Participating homes used heat pumps for space heating, space cooling,
and water heating.

= Participating homes were modeled using two different battery management
strategies.

e The first scenario used the standard BEopt battery management
strategy, which assumed that the battery storage system is charged
by the PV system and discharges throughout the day to offset kWh
drawn from the grid. As a result, the battery system does not always
have a full charge at the start of an outage. The model allows for
the battery to continue to recharge and discharge during an outage
if sunlight is available to the PV.

e Our second battery management strategy scenario assumed that
the battery system is configured to always have a full charge at the
beginning of an outage. In other words, the battery system would
be used for resilience purposes only and would discharge only
during outages.

» The Team used several sources to configure the building characteristics of
the prototypical homes used in BEopt models, which affect the energy
efficiency (and load) of the homes, including the 2018 Mass Save Home
Energy Services Program Standard for Materials, Installation, and Conduct
For Energy Efficiency Measure Installation Contractors (“the Standards”)
and RLPNC 18-12 (Renovations and Additions Market Characterization
and Potential Savings Study)** to determine post-weatherization building
characteristics.

Last, the Team coordinated with the Cape and Vineyard Electrification Offering Evaluation
(MA24X29-E-CVEOQ) to include a short battery of questions with the participant survey to provide
insights to the types of resilience NEIs the participants may have or will experience. For example,
the Team asked participants about the presence of medical issues that make them vulnerable to
outages and their experiences with outages before and after participating in the program. The
survey also sought to collect information such as the percentage of households with medical
needs to help refine the VoLL estimate for the CVEO participants. The CVEO participant survey
was completed in June and July 2024.

34 https://ma-eeac.org/wp-
content/uploads/MARLPNC 1812 RenoAddMarketPotential Report Final 2020.03.30 Clean v2.pdf
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Section 3 Results: Estimating Resilience NEls
Attributable to CVEO Battery Storage

This section discusses the results from the literature review, outage data analysis, BEopt
modeling, and presents the Team’s recommended resilience NEI values.

3.1 ESTIMATING VOLL ATTRIBUTABLE TO CVEO PARTICIPANTS

VoLL is an estimate of the costs associated with electric grid outages and represents an
approximate price that customers are willing to pay per kWh for uninterrupted electricity.3° In other
words, VoLL is the value of unserved energy, and quantifies the value of impacts perceived by
customers during power outages. VoLL is a key input to the monetization of the resilience NEls.

The Team conducted a review of the literature on VoLL and identified a range of VoLL estimates
that can be applied to CVEO participants.

As part of the review, the team also reviewed the 2024 Avoided Energy Supply Components in
New England (AESC) study?®¢ and conferred with the study author, Synapse Energy Economics,
about the AESC'’s application of VoLL to its reliability metrics, which focus on the positive impacts
of energy efficiency savings on load reduction, reduced wear and tear on transformers and
conductors, and reduced outages. Because the AESC’s application of VoLL is associated with
energy efficiency savings, it does not overlap with the resilience NEIs, which are attributable to
kWh supplied by the battery rather than kWh saved through efficiency measures, and therefore
are separate and additive.

In addition to the AESC, the team reviewed recent literature on VoLL as well as a review of studies
that used a bottom-up approach to estimate resilience NEls (See Appendix B for more details on
the literature review).

3.1.1 Upper-bound Estimate of VoLL for CVEO Participants

From our review we identified a California Study, the 2021 Self-Generation Incentive Program
(SGIP) Energy Storage Market Assessment Study,®" as providing the most applicable estimate

35 https://www.nrel.gov/docs/fy190sti/74673.pdf

36 Synapse Energy Economics, Sustainable Energy Advantage, North Side Energy, Resource Insight, and Les
Deman Consulting. “Avoided Energy Supply Components in New England: 2024 Report,” Submitted to AESC 2024
Study Group, February 7, 2024, https://www.synapse-energy.com/sites/default/files/inline-images/AESC%202024.pdf
87 The SGIP is a program of California’s major investor-owned utilities (IOUs) that provides financial incentives for the
installation of behind the meter (BTM) distributed generation and energy storage technologies that meet all or a
portion of a customer’s electricity needs. The SGIP began in 2001 and has provided incentives to a wide variety of
distributed energy resources (DERs). While the program was initially designed to help address peak electricity issues
in California, the program focus has transitioned from peak load reduction to greenhouse gas (GHG) emission
reductions. Over the past decade, energy storage has experienced a significant increase in budget allocation,
applications, and incentive payments within the SGIP.
https://www.cpuc.ca.gov/-/media/cpuc-website/divisions/energy-division/documents/self-generation-incentive-
program/sqip-2021-market-assessment-study.pdf
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of VoLL for the CVEO study population. The goals of the 2021 SGIP study came about from
2019’s Decision (D.) 19-09-027, which established the SGIP Equity Resiliency Budget (ERB) to
help deal with critical needs resulting from wildfire risks in California. The same decision
developed research objectives specific to understanding the current and future market for energy
storage, like the value of lost load (VoLL), barriers to storage adoption, and specific market actor
behaviors.

The 2021 SGIP study conducted a web-based willingness to pay (WTP) survey to estimate VolLL
for residential SGIP participants that adopted battery storage and solar PV as well as a stratum
of non-SGIP households that had adopted solar PV but had not yet adopted battery storage. The
SGIP population included all residential battery storage systems installed from 2017 to mid-2021
that had received an incentive or were in the process of receiving an incentive. The surveys of
the non-SGIP solar non-storage population allowed the evaluation to collect data from customers
who had not installed storage but were experienced with DERs. The SGIP study team
hypothesized that these customers were more likely than the general population to be at least
somewhat familiar with battery storage and thus able to provide insights into their potential
motivations and barriers to battery storage adoption. The sample frame for the non-SGIP solar
non-storage survey was constructed from data provided by the IOUs for customers who had
installed solar on their homes or businesses since 2017 and had not installed battery storage.

The SGIP study authors identified the non-SGIP solar non-storage population as the next set of
likely adopters of battery storage. The VoLL from this population represents the best estimate of
incremental VoLL attributable to battery storage that is applicable to the CVEO participants that
we identified in the literature. Importantly, the 2021 SGIP included separate estimates of VoLL for
those with medical needs and those without. Table 5 presents the WTP-based VolLL estimates
from the SGIP study. Based on the results of the Low-Income Multifamily Health- and Safety-
Related NEIs Study (TXC50)%®, we assumed that 14% of the CVEO population had a medical
need, and we used this value to calculate a weighted VoLL estimate.

The weighted VoLL estimate based on the SGIP study is $13.82/kWh in 2022 dollars (20229$).
We recommend updating the percentage of the CVEO population with a medical need if more
data become available for the CVEO participants. The CVEO offering took longer to enroll
participants than anticipated, had smaller enrollment due to budget constraints (55 households
rather than 100), and installed fewer batteries than anticipated (a total of 12 homes received
battery systems). The sample size for the initial CVEO participant survey was too small to provide
an estimate of this percentage specific to the study service territory (five responding households
installed or planned to install batteries).

The VoLL estimate from the SGIP study is for the solar PV customers thinking of adding battery
storage in California. Given this fact, and in light of the recent wildfires in California and the
associated higher perceived risk of losing power, this VoLL estimate may be an upper bound for
the true VolLL for the CVEO program participants. That said, Cape Cod and Martha’s Vineyard
residents regularly experience coastal storms and cold winters and are relatively isolated
communities, limiting their access to external assistance. Therefore, such a high VoLL value may

38 https://ma-eeac.org/wp-content/uploads/TXC50 LIMF-HS-NEls-Final-Report 2021.08.12.pdf
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be justified for the CVEO participants because the CVEO households may be more concerned
about catastrophic weather events than the average US household.

Table 5: VoLL Estimates Based on Willingness to Pay for Whole House Battery
Storage, 2021 SGIP Market Assessment

Study Population VoLL (2022% / kWh)

Solar without storage, medical needs $20.05
Solar without storage, no medical needs $12.80
Solar without storage, Weighted $13.82

3.1.2 Lower-bound Estimate of VoLL for CVEO Participants

We also developed a lower-bound estimate of VoLL for residential customers in Massachusetts
using the LBNL’s Interruption Cost Estimate (ICE) calculator, a free, web-based, interactive tool
for estimating interruption costs associated with power outages funded by the U.S. Department
of Energy and developed by LBNL and Nexant, Inc.*® The AESC study uses the ICE calculator to
estimate VoLL for its reliability metrics; electric reliability planners also use the calculator to
estimate interruption costs and the benefits associated with reliability improvements. It provides
estimates of cost per interruption event, per average kW, and per unserved kWh, and the total
cost of sustained electric power interruptions.

The ICE calculator analyzes data from existing customer interruption cost (CIC) studies and
organizes the results into a usable format and meta-database for utilities and other stakeholders
seeking to develop outage cost estimates. This meta-database became the basis for the ICE
calculator released in 2011. The meta-analysis was updated in 2015 with data from several more
recent studies and LBNL made subsequent improvements to the ICE calculator. In its current
form, the ICE calculator uses data from 34 studies (a total of 105,000 customer surveys)
completed by 10 utilities between 1989 and 2012.

The ICE calculator allows the user to enter specific inputs relevant to Massachusetts to estimate
a VoLL specific to Massachusetts residential customers. In developing an average VoLL estimate
from the ICE calculator, we used a three-year average (2020 — 2022) of Customer Average
Interruption Duration Index (CAIDI) based on the EIA-861 data for Eversource.*® CAIDI is the
average interruption duration time for those customers that experience an interruption during the
year. Since the ICE calculator produces numbers in 2016 dollars, we inflation-adjusted the results
to express them in 2022 dollars.

We conferred with the LBNL team to determine that the 2009 version of the ICE calculator, which
is still available through the ICE calculator website, included an input for the percent of households
with medical needs. This allowed the team to develop separate estimates of VoLL for households
with and without medical needs (Table 6). The weighted VolLL estimate based on the ICE

39 https://icecalculator.com/home
40 The three-year average CAIDI was 5.5 hours.
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calculator is $2.77/kWh in 2022 dollars using the same assumption of 14% for the share of
population with medical need based on the TXC50 study.

The VolLL estimate from the ICE calculator is for the average residential customer in
Massachusetts. Since participants self-selecting into the CVEO program and adopting battery
storage would be expected to have a higher VoLL compared to the average residential customer
in Massachusetts, the ICE calculator-based VoLL estimate should be treated as a lower bound
for the actual VoLL for the CVEO program participants.

Table 6: ICE calculator Estimates of VoLL, Households with and without Medical

Needs
Study Population VoLL (2022$ / kWh)
ICE calculator, households with medical needs $3.25
ICE calculator, households without medical needs $2.69
ICE calculator, Weighted $2.77

3.2 ESTIMATING THE AVERAGE SEASONAL LOAD PROFILE FOR CVEO HOMES:
CONFIGURATION OF BEOPT PROTOTYPICAL MODELS

As described in the Task 2a Memo, the Team used the Building Energy Optimization (BEopt)*’
software to develop seasonal customer load profiles for three prototypical modeled CVEO
participant homes (see Appendix A). The homes were configured as follows:

¢ Participating homes were configured to have the PV panels charge the battery during an
outage.*?

e The home drew on the battery during an outage.

o If the PV system fully recharged the battery during an outage, the PV system temporarily
shut down to avoid exports to the grid. The PV system began recharging the battery once
the battery charge is drawn down.

o The participating homes had a critical load connected to the battery system. Only the
critical load was powered by the battery system during an outage, and the critical load was
the basis for the NEI analysis.

¢ Participating homes use heat pumps for space heating, space cooling, and water heating.

41 https://www.nrel.gov/buildings/beopt.html
42 |t is also possible for a home to be configured to have the PV system to power the home directly during an outage,
and if production exceeds the home’s demand, charge the battery with the excess production.
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In Table 7, the Team presents the critical loads for various end uses relative to the normal load.

Table 7: Critical Loads Relative to Normal Load

End Use Critical + Normal Critical + Normal
Load Load
Space conditioning 100% Hot Water 100%
Refrigerator 100% Freezer 100%
Ventilation 100% Dehumidifier 0%
Miscellaneous Plug Loads 50%" Lighting 50%"
Clothes Washer 0% Clothes Dryer 0%
Stove & Oven 0% Dishwasher 0%

T Evaluation team assumption

The Team used microdata from the U.S. Energy Information Administration’s (EIA’s) 2020
Residential Energy Consumption Survey (RECS) to estimate the average heated square footage
of each home type in Massachusetts, for households with annual income less than $75,000 per
year (Table 8).

Table 8: Massachusetts Single Family Home Characteristics, 2020 RECS
(Households with Annual Income<$75,000)

Average Heated Square

Home Type % of Homes Rl
Small single family detached 68% 1,327
Large single family detached 20% 2,792
Single family attached 12% 1,538
TOTAL 100% 1,648

Source: U.S. Energy Information Administration’s (EIA’s) 2020 Residential Energy Consumption Survey (RECS)

The Team used several sources to configure the post-weatherization characteristics of the
prototypical homes used in BEopt models affecting the energy efficiency (and load) of the homes.
The sources included the 20718 Mass Save Home Energy Services Program Standard for
Materials, Installation, and Conduct For Energy Efficiency Measure Installation Contractors (“the
Standards”) and RLPNC 18-12 (Renovations and Additions Market Characterization and Potential
Savings Study)*. The Standards provide the following guidance for the efficiency levels the
installed measures must meet or exceed:

43 https://ma-eeac.org/wp-
content/uploads/MARLPNC 1812 RenoAddMarketPotential Report Final 2020.03.30 Clean v2.pdf
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e Attic insulation: R-values of 60.%

e Foundation insulation: R-value of 10 for conditioned basement walls, and R-30 for
unconditioned frame floors.*

o Window replacement: Replace single-pane windows which have no storm window with
triple-pane windows.

e Heating, air conditioning with a 15.2 SEER2 / 8.1 HSPF2 air-source heat pump.*®
¢ Ducts are sealed, and those in unconditioned space are insulated with an R-value of 8.4
e Water heating provided by a fifty-gallon, 3.30 UEF heat pump water heater.*’
¢ Lighting measures: we specified all lighting as LED in the models.
Table 9 presents additional select building characteristics of the prototypical homes and the

source for the modeled values.

Table 9: Assumed Building Characteristics of Prototypical CVEO Homes

Characteristic Value Source

Above-grade Wall 13 Mass Save Standards

ACH50 8.3 RLPNC 18-12

Duct Leakage 6.5 Building Performance Institute “Tight” ducts

(CFM25 per 100 ft2 conditioned area)

Window Area 18% Fraction of floor area

The Team specified the PV system and battery systems according to CVEO specifications
detailed in the order from the Massachusetts DPU in the CVEO docket:*®

o PV system: The models assumed an installation size of 7.43 kilowatts (“kW”) direct current
(“DC”) (or 7.10 kW alternating current (“AC”) per household).

o Battery storage: Per battery, the model assumed a power rating of 5.0 kW and a usable
capacity of 13.5 kWh.

44 Per Mass Save weatherization standards.

45 https://www.masssave.com/en/heat-pump-qualified-list

46 The actual models in this study employed a hybrid model of program-specified ducted efficiency levels (8.1 HSPF2)
with a ductless system. The addition of ducts to the model increases overall consumption by 0.2% and has negligible
impact on hourly net energy usage. Similarly, the hourly net energy usage profile of a home with program-specified
ductless efficiency levels (8.5 HSPF2) is largely unchanged although overall consumption is reduced by 1.8%, and
heating consumption 5.1%.

47 hitps://www.masssave.com/en/residential/rebates-and-incentives/water-heating/water-heaters/heat-pump-water-
heaters

48 Order. By Chair Nelson, Commissioners Hayden and Fraser, January 11, 2023.
https://fileservice.eea.comacloud.net/FileService.Api/file/FileRoom/16904859
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Figure 2 presents the average seasonal load profile of the critical load of a small detached CVEO
home, which is the most common type of single-family home in Massachusetts occupied by
households with annual income less than $75,000.

Figure 2: Average Seasonal Critical Load Profile, Small Detached CVEO Home
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3.3 ESTIMATING GRID OUTAGES

The team determined the average number, length, and season of outages in the Cape Light
Compact service territory,*° as reported in the Eversource service territory outage data reported
to the Massachusetts Department of Public Utilities (https://www.mass.gov/info-details/power-
outages#historic-power-outages-), for 2020 through 2022 (Table 10). This period included
outages from both a nor’easter (October 2021)%° and a major winter storm (Winter Storm Kenan,
January 2022).5

Table 10: CLC Territory Outages, 2020 to 2022
Average

Average Total Total Hours of Outage
. Number of .
Outages Duration Customer- Experienced by
(Hours) Customers Hours Average Customer
Affected =

2020 2,307 3.0 166 483,437 2.3

2021 4,722 17.6 127 7,426,010 35.7

2022 891 94 512 2,612,281 12.6

Average 2,640 124 182 3,507,243 16.9

Source: State of Massachusetts, Historic Power Outages, Eversource Energy htips://www.mass.gov/info-
details/power-outages#historic-power-outages-

3.4 ESTIMATING BATTERY RESILIENCE NEIs

To estimate the kWh of lost load avoided during a power outage due the presence of the battery
system, the Team estimated the kWh of electricity that can be supplied by the battery system
during the outage by merging the BEopt load profiles with the outage data for each single-family
home type (large detached, small detached, and attached) and by number of batteries (one or
two).

The Team explored two different configuration scenarios for the battery storage system. The first
scenario used the standard BEopt configuration, which assumes that the battery storage system
is charged by the PV system and discharges throughout the day to offset kWh drawn from the
grid. As a result, the battery system does not always have a full charge at the start of an outage.
However, the model allows for the battery to continue to recharge and discharge during an outage
if sunlight is available to the PV.%2 Our second scenario assumed that the battery system is
configured to always have a full charge at the beginning of an outage. In other words, the battery

49 https://www.capelightcompact.org/wp-content/uploads/2023/05/Let-Marini-05-01-23-CLC-AR-DPU-23-MA-FINAL-
CF.pdf

We included outage data for the following localities: the towns of Aquinnah, Barnstable, Bourne, Brewster, Chatham,
Chilmark, Dennis, Edgartown, Eastham, Falmouth, Harwich, Mashpee, Oak Bluffs, Orleans, Provincetown, Sandwich,
Tisbury, Truro, West Tisbury, Wellfleet and Yarmouth, and Dukes County.

50 https://www.nytimes.com/2021/10/27/us/cape-cod-noreaster.html

51 https://www.fema.gov/press-release/20230109/fema-awards-over-4-million-massdot-winter-storm-kenan-plowing-
costs

52 BEopt modeling accounts for time of day and seasonality when estimating solar PV generation.
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system would be used for resilience purposes only; i.e., it would maintain full charge and
discharge only during outages.

Figure 3 and Figure 4 present the average seasonal critical load profile of a small detached CVEO
home during the power outages occurring from 2020-2022 and the average kWh provided by the
battery system during an outage under the first battery configuration, as modeled in BEopt, with
one and two batteries installed, respectively. By contrast, Figure 5 presents the same critical load
for a small detached CVEO home under standard battery operation but with two batteries instead
of one. While one battery was sufficient, on average, to provide the home’s critical load during
outages in summer, fall, and most of the day during spring, the one-battery system fell short during
the winter, particularly overnight, with the battery system providing almost no energy from 4:00
a.m. to 8:00 a.m. Adding a second battery noticeably improved the ability of the battery system to
meet the critical demand during outages occurring in these winter morning hours (Figure 4).

Figure 3: Seasonal Critical Load Profile and Average Load Supplied by a
One-Battery System, Standard Operations, Small Detached CVEO Home
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Figure 4: Seasonal Critical Load Profile and Average Load Supplied by a
Two-Battery System, Standard Operations, Small Detached CVEO Home
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Figure 5 displays the same critical load for a small detached CVEO home with two batteries but
with the average kWh provided if the battery system were reserved for outage events and always
had a full charge at the start of an outage (e.g., Full Charge Configuration). The difference
between the two configurations is most visible during winter, when the second battery

configuration allows the battery system to meet a higher portion of the critical load than the first
configuration.
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Figure 5: Seasonal Critical Load Profile and Load Supplied by a Two-Battery
System, Full Charge Configuration, Small Detached CVEO Home
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The Team calculated the total amount of energy supplied by the battery system during power
outages in each study year using the BEopt modeling outputs joined to the historical outage data
as the yearly sum of:

kWh drawn from the battery system during each hour of an outage x the percent of customers
affected by the given outage during that hour®

The results of this modeling were then averaged across the three study years and a weighted
average taken across the three housing types, as shown in Table 11 and Table 12.

53 Multiple distinct outages can occur in different areas but during the same day and hour. The percent of customers
affected was unique to each discrete outage, even if the outages occurred simultaneously.
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Table 11: Average kWh Supplied by Battery System during Outages, Standard
BEopt Modeling

Home Type 2020 2021 2022 Weight Weighted
Average

Small single family detached, one battery 1.78 23.21 7.69 68% 10.89

Large single family detached, one battery 2.23 31.01 9.79 20% 14.34

Single family attached, one battery 1.92 25.92 8.58 12% 12.14

Average kWh, One Battery 11.73
Small single family detached, two batteries 1.86 23.33 11.06 68% 12.08
Large single family detached, two batteries 2.30 38.45 9.91 20% 16.88

Single family attached, two batteries 2.02 26.03 9.63 12% 12.56
Average kWh, Two Batteries 13.10

Table 12: Average kWh Supplied by Battery System during Outages, Full Charge

Modeling
Home Type 2020 2021 2022 Weight Weighted
Average
Small single family detached, one battery 1.92 23.58 12.67 68% 12.72
Large single family detached, one battery 2.89 31.44 14.90 20% 16.41
Single family attached, one battery 214 26.34 14.20 12% 14.23
Average kWh, One Battery 13.64
Small single family detached, two batteries 1.99 23.60 15.99 68% 13.86
Large single family detached, two batteries 3.23 39.22 21.50 20% 21.32
Single family attached, two batteries 2.22 26.37 17.24 12% 15.28

Average kWh, Two Batteries 15.52

To produce the resilience NEI estimates from battery storage, the Team multiplied the estimates
of the kWh supplied by battery system by VoLL. Table 13 presents the annual NEI estimates
using the VoLL estimates from the SGIP study for the two configurations separately for homes
with one and two batteries. The annual NEI estimate using the standard BEopt model
configuration, which is the more likely configuration, is $162.08 for a home with one battery and
$181.00 for a home with two batteries.

We recommend using the NEI estimates for the standard BEopt model configuration,
which are $162.08/year for participants receiving one battery and $181.00/year for those
receiving two batteries. If a single value is desired, then we recommend using a weighted
average of $174.68/year because two thirds of CVEO participants received two batteries while
one third received one battery.

1 {
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Table 13: Resilience NEIs from CVEO Battery Storage (Using VoLL from SGIP
Study)

Home Type Battery Weighted Annual kWh of Lost Annual NEI
Configuration VolLL Load Avoided Estimate Per Home

(A) (2020—-22 average) (20229)
(B) (AxB)

Single Battery, Standard BEopt

average home model 11.73 $162.08
Two batteries, Standard BEopt

average home model 13.10 $181.00
Single Battery, Full charge $13.82

average home 13.64 $188.45
Two batteries, Full charge

average home 15.52 $214.46

We also developed annual NEI estimates using VoLL estimated through the ICE calculator. Table
14 presents these NEI estimates using the ICE calculator based VolLL estimates for the two
configurations separately for homes with one and two batteries. Since the weighted VolLL
estimated from the ICE calculator is about one-fifth of the VoLL from the SGIP study, the
corresponding NEI estimates are also about one-fifth of the SGIP-based NEI estimates.

Table 14: Resilience NEIs from CVEO Battery Storage (Using VoLL from ICE

calculator)
Home Type Battery Weighted Annual kWh of Annual NEI
Configuration VolLL Lost Load Estimate Per Home
(A) Avoided (20229)
(2020-22 (AxB)
average)
Single Battery, Standard BEopt
average home model 11.73 $32.48
Two batteries, Standard BEopt
average home model 13.10 $36.27
Single Battery, Full charge $2.17
average home 13.64 $37.76
Two batteries, Full charge

The Team believes that the true VoLL for the CVEO participants would be closer to the SGIP
study’s VoLL estimates than the ICE calculator’s VoLL estimates given that CVEO participants all
have solar PV and are self-selecting into the program. Therefore, the Team recommends using
the SGIP-based NEI estimates shown in Table 13 for the CVEO participants. Another option,
which would be conservative, is to take an average of the SGIP-based NEI estimates and ICE
calculator-based estimates in Table 13 and Table 14. The Team does not recommend this option
due to the reasoning stated above.
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3.5 STUDY LIMITATIONS

Rather than assessing each resilience NEI individually, this study used the concept of VoLL to
monetize all NEls from having uninterrupted power as a whole. The study did not directly estimate
a VoLL specific to the CVEO program participants. Instead, the study relied on a literature review
to identify VoLL estimates applicable to the CVEO program participants. Because the VolLL
estimates identified may not reflect the value the CVEO program participants place on having
battery storage to provide uninterrupted power during outages, our study provides upper- and
lower- bound estimates of VoLL and the resilience NEIs.

« The VoLL derived from the ICE calculator is for the average residential customer in
Massachusetts. CVEO program participants may have a higher VolLL than the average
residential customer for two main reasons: 1) Participants are self-selecting into the CVEO
program and adopting battery storage, and 2) Participants use electricity for heating
whereas the average residential customer would use other fuels for heating in a cold-
climate state like Massachusetts where space heating is the largest residential energy end
use.

e The VoLL from the SGIP study is for non-LMI solar PV customers in California thinking of
adding battery storage. Given this fact and in light of the recent wildfires in California and
the associated risk of losing power for extended periods of time and higher incomes for
the SGIP program participants, the CVEO program participants may have a lower VolLL
than the SGIP participants. On the other hand, Cape Cod and Martha’s Vineyard residents
regularly experience coastal storms and cold winters and are relatively isolated
communities, limiting their access to external assistance. Therefore, such a high VolLL
value may be justified for the CVEO participants.

Willingness-to-pay methodologies have some general limitations that also apply to this study. The
value that low- and moderate-income households attribute to or receive from a good or service
may exceed the amount they are willing or able to pay due to limited income. Willingness-to-pay
is an imperfect proxy for the amount of welfare a person gains from a good or service (Sunstein
2007). In addition, low- and moderate-income households may suffer more from outages as they
are more resource constrained and less able to recover from outcomes such as food spoilage.

The study analyzed three years of detailed outage data from 2020 through 2022 for the CLC
service territory to determine the timing and length of each historical outage and the probability of
a given customer being affected by each outage. Three years of outage data may be too short to
determine the long-term outage patterns and durations and develop an average annual estimate
of the kWh of lost load that can be avoided by battery storage. That said, the Team examined
aggregate reliability statistics, including total annual outage hours and average outage duration,
for the ten-year period from 2013 — 2022 for the Eversource service territory (US EIA 2023b). We
found that the ten-year averages were similar to the three-year averages analyzed in this study.
The Team did not forecast future changes in loads and outage patterns. All else equal, the
observable trends towards more severe and more frequent weather events can increase the
chance of grid outages and alter outage patterns in the future. This, in turn, can increase the
kWh of lost load that battery storage helps avoid in future years and result in a greater annual
resilience NEI value than that estimated in this study.
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Section 4  Survey Results: CVEO Participants and
Resilience NEIs

The Team coordinated with the Cape and Vineyard Electrification Offering Evaluation (MA24X29-
E-CVEO) study to include a short battery of questions in the participant enroliment survey to
provide insights to the types of resilience NEIs the participants may have experienced or are likely
to experience.

The survey included questions about the presence of medical issues that make participating
households vulnerable to outages, such as dependence on medical devices that require electricity
or medications that require refrigeration. It also included questions about their experiences with
outages before participating in the program, including risks of exposure to extreme temperatures
during outages. The participant surveys were completed in June and July of 2024.

The enroliment survey was sent to 54 customers. Of the 54 customers, 31 completed enrollment
for the CVEO offering by signing a contract while 23 started the enroliment process but dropped
out for a reason other than not being eligible/qualified. A total of 24 customers started the survey
— of those, three were screened out and 21 completed all or part of the survey. Of the 21
completes, only five indicated that they either already had a battery system installed through
CVEO (three) or were going to have batteries installed through CVEO (two). A sample size of five
does not allow for making any reliable statistical inferences about the CVEO population.
Therefore, this section provides some basic tabulations of survey responses without drawing any
conclusions about the population means and proportions. Another round of the survey will be
administered in December 2024 to capture the feedback of customers who joined CVEO after
July 2024 and either signed the contract or were eligible and opted not to move forward.

None of the five respondents with batteries indicated that they or anyone in their household had
a medical or health condition that requires the use of one or more medical devices that require
electricity. We report on the remaining survey questions below.

Respondents were asked to estimate the number of electricity outages of four durations (ranging
from less than an hour to over eight hours) that their home experiences in a typical year. Table
15 reports counts of the outages experienced in a typical year for the five respondents. Of these
five respondents, three stated that they relied on wells as their source of water, while two relied
on town water.

-
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Table 15: Number of and Duration of Electricity Outages in a Typical Year (n=5)

Less than 1 hour 1 to 4 hours 5to8 Longer

hour hours than 8

hours
None 0 1 2 4
1to 2 times 2 2 3 1
3 to 5 times 1 2 0 0
6 to 10 times 1 0 0 0
More than 10 times 1 0 0 0

Respondents were then asked about potential impacts they would experience if they experienced
an outage of various durations. Table 16 reports on these counts. For outages longer than 24
hours, three respondents reported they would experience unsafe temperatures in winter and

summer.
Table 16: Impacts of Electricity Outages (n=5)"

Impacts No Less 1to 4 5to8 9to 24 Longer

impact than 1 hours hours hours than 24

hour hours

Throw out refrigerated medication 0 0 0 1 2 2
Experience medical complications 4 0 0 1 1 1
Throw out food 0 0 0 3 5 5
Burst water pipes 1 0 1 2 3 4
Equipment damage 3 0 1 1 1 2
Property damage 2 0 1 1 1 3
Experience unsafe temperatures 0 0 0 1 2 5
in the winter
Experience unsafe temperatures 0 0 0 2 2 5

in the summer

1 Survey respondents did not always complete the full table matrix for these types of questions. The study team
assumed that if a respondent indicated an impact for a shorter outage but left longer outages blank, that the
respondent meant to indicate the impact carried through for longer outages.

For the three (of five respondents) who reported they had experienced or would experience
unsafe temperatures in their home during an electricity outage, all indicated that they could find
shelter and specified a variety of potential locations, including family or friends, shelters, the mall,
a hotel, or a place of work. When asked the same question regarding summer, these three
respondents indicated they would also be able to find shelter. Two other respondents indicated
they would not be able to find shelter during the summer.

Table 17: Locations of Shelter During Unsafe Temperatures in the Winter and
Summer (n=3)

Season Shelters Faf“"y or Malli Hotel Place of Unspec.:lfled
friends work location
Winter 1 2 0 1 0 1
Summer 1 2 1 0 1 1

Two of the five respondents reported that they had the ability to work from home. When asked
about their ability to work from home during outages of different lengths, one indicated that they
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would not be able to work during an outage of any length, while the second respondent indicated
only a longer outage of longer than eight hours would impede their ability to work from home.

Respondents were asked about inconveniences resulting from power outages (Table 18).
Respondents indicated a variety of impacts once the outages reached five hours or longer, such
as staying at home, seeking shelter, and children’s inability to complete schoolwork.

Table 18: Experiences from Power Outages (n=5)’

No Less 41404 5to8 Oto24 LONger

[IPEEED impact Hier hours hours hours kel 25,
hour hours

Stay home and be unable to do

L 1 1 1 4 4 4
normal activities
Must Ieavg home to eat or 0 0 0 4 4 5
purchase items
Must leave home to do work 0 0 0 2 2 2
normally conducted at home
Must s.eek shelter with friends 0 0 0 0 3 5
or family
Must use propane or gas stove 1
for cooking
Reset clocks and appliances 0
Unable to participate in usual 1 1
leisure activities
Children cannot complete 1 1 1 2 4 4
schoolwork
Must buy flashlights, candles, or 1 1 3 3 4 4

other emergency equipment

" Survey respondents did not always complete the full table matrix for these types of questions. The study
team assumed that if a respondent indicated an impact for a shorter outage but left longer outages blank, that
the respondent meant to indicate the impact carried through for longer outages.
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Appendix A Task 2a Memo: Proposed Configuration of
BEopt Prototypical Model

This Appendix presents the study team’s proposed configuration of the three prototypical models
of the participating homes’ PV systems and battery storage systems, the load of the home
connected to the battery system, and how the system functions during a power outage. This
information was used to specify the three prototypical models.>*

The Team used the Building Energy Optimization (BEopt)®%® software to develop seasonal
customer load profiles for modeled Cape and Vineyard Electrification Offering (CVEO) participant
homes. BEopt provides detailed simulation-based analysis based on specific house
characteristics. The Team also explored the use of Renewable Energy Optimization (REopt)®® to
model the battery and PV system performance for a fixed duration outage. From these models
the Team estimated Total kWh supplied by the battery system®” during the outage®®

As noted in the work plan, the Team proposed the following configuration of a program home:

e Participating homes were configured to have the PV panels charge the battery during an
outage.®®

e The home drew on the battery during an outage.

o If the PV system fully recharged the battery during an outage, the PV system temporarily
shut down to avoid exports to the grid. The PV system began recharging the battery once
the battery charge was drawn down.

e The participating homes had a critical load connected to the battery system. Only the
critical load was powered by the battery system during an outage.

A.1 PROPOSED CRITICAL LOAD

A key element of the configuration of the model was to determine the equipment and systems to
be included as part of the critical load. Without program participation data, the Team needed to

54 For example, a home could be configured to have the PV system charge the battery during an outage and have the
home draw on the battery during the outage. Another possible configuration would be for the PV system to power the
home directly during an outage, and if production exceeds the home’s demand, charge the battery with the excess
production.

55 hitps://www.nrel.gov/buildings/beopt.html

5 REopt is modeling software that can optimize the mix of renewable energy, conventional generation, and energy
storage technologies to meet cost savings, resilience, emissions reductions, and energy performance goals for
buildings, campuses, communities, and microgrids.

https://reopt.nrel.gov/

57 A battery system can contain one or two batteries.

58 During an extremely long outage, it is possible that the battery would be recharged by the PV. So, the total kilowatt-
hours supplied by the battery system during a long outage can be more than the battery system’s total usable
capacity.

59 |t is also possible for a home to be configured to have the PV system to power the home directly during an outage,
and if production exceeds the home’s demand, charge the battery with the excess production.
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make assumptions about the equipment and systems that would be included in a typical
configuration for critical load.

In Table 20 the team presents the critical loads for various end uses relative to the default load.
We assumed that some activities such as laundry or meal preparation would be avoided during
an outage, while the use of lighting and miscellaneous electronics were merely reduced. Although
homeowners could extend battery use by lowering the critical space conditioning load through a
manual setback, we do not expect most to make that adjustment.

Table 19: Critical Loads Relative to Default Load

End Use Critical + Normal Load
Space conditioning 100%
Hot Water 100%
Refrigerator 100%
Freezer 100%
Ventilation 100%
Miscellaneous Plug Loads 50%"
Lighting 50%"
Clothes Washer 0%
Clothes Dryer 0%
Dehumidifier 0%
Dishwasher 0%
Stove & Oven 0%

1 Evaluation team assumption

A.2 PROPOSED HOME TYPES AND SIZE

Because the CVEO offering is a single-family home offering, the Team developed the following
three types of homes for the prototypes:

¢ Small single family detached, half-finished basement
e Large single family detached, half-finished basement
¢ Single family attached, half-finished basement

The Team used microdata from the U.S. Energy Information Administration’s (EIA’s) 2020
Residential Energy Consumption Survey (RECS) to estimate the average heated square footage
of each home type in Massachusetts, for all households and for households with annual income
less than $75,000 per year (Table 21, Table 22).%° For the purpose of the study, the Team

60 RECS is a national sample survey that collects energy-related data for housing units occupied as a primary
residence and the households that live in them. RECS collected data from nearly 18,500 households in housing units
statistically selected to represent the 123.5 million housing units that are occupied as primary residences
https://www.eia.gov/consumption/residential/data/2020/index.php?view=microdata

The RECS data includes household income data, which allowed the Team to estimate home size for households with
incomes below $75,000 (approximately 80% of state median household income). The CVEO is available to income-
eligible customers (i.e., at or below 60 percent of state median income) and moderate income customers (i.e., 61 to
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classified homes that have more than 2,000 square feet of heated space as large, and homes
that have 2,000 square feet of heated space or less as small. The Team also used the 2020
RECS data to determine the percent of single-family homes in Massachusetts that are of each
type, which could be used to develop a single, weighted NEI estimate across all single-family
home types.

Table 20: Massachusetts Single Family Home Characteristics, 2020 RECS. All Households

Home Type % of Single-Family Average Heated Square Footage
Homes (Massachusetts)
(Massachusetts)
Small single family detached 53% 1,402
Large single family detached 37% 3,006
Single family attached 10% 1,626
TOTAL 100% 2,023

Source: U.S. Energy Information Administration’s (EIA’s) 2020 Residential Energy Consumption Survey (RECS)

Table 21: Massachusetts Single Family Home Characteristics, 2020 RECS
(Households with Annual Income<$75,000).

Home Type % of Single-Family Average Heated Square Footage
Homes (Massachusetts)
(Massachusetts)
Small single family detached 68% 1,327
Large single family detached 20% 2,792
Single family attached 12% 1,538
TOTAL 100% 1,648

Source: U.S. Energy Information Administration’s (EIA’s) 2020 Residential Energy Consumption Survey (RECS)

A.3 PoOST-WEATHERIZATION HOME CHARACTERISTICS

The final aspect of the characterization of the prototypes was to determine the building
characteristics of the prototypical homes that affect the energy efficiency (and load) of the homes.

The Team used the 2018 Mass Save Home Energy Services Program Standard for Materials,
Installation, and Conduct For Energy Efficiency Measure Installation Contractors (“the Standards)
and RLPNC 18-12 (Renovations and Additions Market Characterization and Potential Savings

80 percent of state median income). According to the U.S. Census, median household income in Massachusetts in
2021 was $89,026 https://www.census.gov/quickfacts/fact/table/MA,US/PST045222
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Study)®' to determine post-weatherization building characteristics. The Standards provide the
following guidance for the efficiency levels the installed measures must meet or exceed:

e Attic and floor insulation: Meets Massachusetts State and Local Building Codes.
¢ Foundation insulation: R-value of R-10

o Window replacement: Replace single-pane windows without a storm window with triple-
pane windows

o Duct Insulation: Ducts located in unconditioned space are insulated with duct wrap with
an R-value of 8

e Heating, air conditioning and water heating measures: Meet the minimum energy
efficiency ratings set by the Mass Save program.

¢ Lighting measures: must meet the maximum energy use set by the Mass Save program.

For measures that are not adequately specified by The Standards for the purposes of the
modeling, the Team used measure characteristics for renovations from RLPNC 18-12
(Renovations and Additions Market Characterization and Potential Savings Study).

61 https://ma-eeac.org/wp-
content/uploads/MARLPNC 1812 RenoAddMarketPotential Report Final 2020.03.30 Clean v2.pdf
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Appendix B Task 1: Literature Review

The Team used a value of lost load (VoLL)-based top-down approach to monetize resilience NEls associated with battery storage. The
purpose of the literature review on VoLL was to identify the most appropriate VoLL estimate for CVEO program participants who are
low- and moderate-income households and that use electricity for most end uses, including heating, in their home. The review consisted
of a search for journal articles and grey literature on VoLL and literature related to estimating the monetary value of power resilience
benefits to residential customers. The resulting articles often presented a range of estimates for different scenarios or geographies; the
team attempted to capture the range by reporting both the lowest and highest estimates within each article and providing brief details
about each scenario. While some articles estimated VoLL for commercial, industrial, government, and other utility customers, only
residential estimates are presented below.

B.1 VOLL LITERATURE

Estimates for the VoLL are more prevalent in the literature than bottom-up resilience benefits estimates, in part due to its widespread
use in grid and utility planning. Table 23 summarizes VoLL estimates from across Europe, Canada, and the United States. Note that
some values were reported per MWh rather than kWh, leading to high variation in the values reported. Out of 17 articles or reports,
only three were specific to the United States, and of those, only one included Massachusetts-specific estimates, namely the ICE
calculator.
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Table 22: VolLL Literature
Geography

Residential

Residential

2022

2021

2011

2011

2020

2005

DEVES

ﬁ Thrggo

Verdant Associates

Baik, S.; Sanstad,
A.H.; Hanus, N.; Eto,
J.H.; Larsen, P.H.

Leahy, E.; Tol, R.S.J.

Praktiknjo, A.J.;
Hahnel, A.; Erdmann,
G.

Tur, M.R.

Goel, L.; Gupta, R;;
Ercan, M.F.

2021 Self-Generation
Incentive Program
(SGIP) Energy
Storage Market
Assessment Study.
A hybrid approach to
estimating the
economic value of
power system
resilience
An estimate of the
value of lost load for
Ireland
Assessing energy
supply security:
Outage costs in
private households
Calculation of value
of lost load with a
new approach based
on time and its effect
on energy planning in
power systems
Comparison of
subtransmission
system reliability
worth for diverse

U.S. (California)

u.s.

Ireland

Germany

Multiple

UK, Canada, Nepal,
Thailand

Estimate, Low
$8.81/kWh

$0.36/kWh

3 €/kWh

median: 11.43 €/kWh

$13,925/MWh in the
U.S.; lowest estimate
was $0.20/kWh in
Sweden

0.0278 C$/kW
(Canada, 20 min
duration); $0.15

BP/kW (UK, 20 min
duration)

38

Estimate, High
$24.96/kWh

$16.80/kWh or
$100/hour

51 €/kWh

mean: 15.70 €/kWh

$68/kWh (Ireland)

18.2491 C$/kW
(Canada, 24 h
duration); 3.72
BP/KW (UK, 4 h
duration)



2006

2022

2014

2022

2013

2015

2012
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Ghajar, R.F;
Billinton, R.

Marchisio, L.;
Genoese, F;
Vedovelli, F.;
Salterini, F.; Costa,
S.
Praktiknjo, A.J.

Vennemo, H.;
Rosnes, O.; Skulstad,
A.

Linares, P.; Rey, L.

Growitsch, C.;
Malischek, R.; Nick,
S.; Wetzel, H.

Zachariadis, T.;
Poullikkas, A.
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systems by including
health considerations
Economic costs of
power interruptions:
A consistent model
and methodology
Estimating the Value
of Lost Load in Italy
through outage cost
surveys

Stated preferences
based estimation of
power interruption
costs in private
households: An
example from
Germany
The cost to
households of a large
electricity outage
The costs of
electricity
interruptions in Spain:
Are we sending the
right signals?
The Costs of Power
Interruptions in
Germany: A Regional
and Sectoral Analysis
The costs of power
outages: A case
study from Cyprus

Theoretical grid
(IEEE-RTS)

Italy

Germany

Norway

Spain

Germany

Cyprus

$0.001/kW (1 min
duration)

14.2 k€/MWh (2 min
duration); 3.4
k€/MWh (1 h

duration)

0.0 €/kWh (median,
15 min duration); 6.1

€/kWh (mean, 4 day
duration)

400 NOK (median);
678 NOK (mean)

5.67 €/kWh

9.50 €/kWh
(Thuringia)

9.07 €/kWh

39

$15.69/kW (8 h
duration)

183.0 k€/MWh (2 min
duration); 23.0
k€/MWh (1 h
duration)

23.7 €/kWh (median,
4 hr duration); 147.2

€/kWh (mean, 15 min
duration)

625 NOK (median);
979 NOK (mean)

8.11 €/kWh

14.53 €/kWh (Baden-
Wirttemberg)

NA
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2013 Reichl, J.; The value of supply Austria 1.2 €/kWh NA
Schmidthaler, M.; security: The costs of
Schneider, F. power outages to

Austrian households,
firms and the public

sector
2007 de Nooij, M; The value of supply Netherlands 16.38 €/kWh NA
Koopmans, C.; security. The costs of
Bijvoet, C. power interruptions:

Economic input for
damage reduction
and investment in

networks
2017 Shivakumar, A.; Valuing blackouts All 28 EU countries  3.20 €/kWh (Bulgaria) 16.29 €/kWh (ltaly)
Welsch, M.; Taliotis, and lost leisure:
C.; Jaksi¢, D.; Estimating electricity
Baricevi¢, T.; interruption costs for
Howells, M.; Gupta, households across
S.; Rogner, H. the European Union
2015 Sullivan, Michael J.; Updated Value of United States $2.69/kWh (MA) $3.25/kWh (MA)

Schellenberg, Josh Service Reliability
A.; Blundell, Marshall Estimates for Electric
Utility Customers in
the United States
(ICE calculator)

B.2 BoTtTtoM-UP NEI LITERATURE

The purpose of the bottom-up NEI literature review was to identify studies that used bottom-up techniques to directly monetize resilience
NEls associated with battery storage, which can be used as a benchmark to the top-down NEI estimates developed in this study. A
very limited literature was available on this front. Table 24 summarizes six articles that presented estimates for the benefits or avoided
costs associated with resilience, solar and battery systems, and avoided power outages. Two additional articles were omitted from the
table because they simply reported the estimates from Olinksy-Paul 2019 without adding new information. The estimates in Olinsky-

-
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Paul 2019 are themselves inflation-adjusted versions of the same estimates reported in the 2018 AESC report, which were based on
willingness-to-pay survey data collected by the Lawrence Berkeley National Laboratory (LBNL) in 2015.%? The newer 2024 AESC report
no longer uses the values in Olinsky-Paul 2019 but instead relies on estimates from the ICE calculator, which was chosen for the
current study. E. A. Stanton 2018 estimated solar battery NEls based purely on a one-time increase in property values, which does not
necessarily capture the value that residents place on resilience. Conversely, Spencer, Lieb & Gage 2023 took an avoided cost approach
by examining the avoided costs of not running a generator due to weatherization improvements as a proxy for the value of resilience
for energy efficiency improvements. Shelton et al. 2022 estimated the shadow value of resilience by comparing the amount that
California customers were willing to spend on battery storage systems to the amount that would be cost effective.

62 Synapse, et al. “Avoided Energy Supply Components in New England: 2018 Report.” March 2018. http://www.synapse-energy.com/sites/default/files/AESC-
2018-17-080.pdf.

NMR === Thre¢? 41



DEVES

2022

2019

2019

2018

2022

2022

NEIS FROM BATTERY STORAGE PROVIDED TO IE CUSTOMERS (MA23X11-E-BATTNEI)

Table 23: Summary of Bottom-Up Solar + Battery Resilience NEI Research

Author(s)

B. Woods, S. Peddada, E.
Seliga, C. Lala, E. Tavares,
G. Lewis, T. Rakotoarisoa, &

E. A. Stanton

Todd Olinsky-Paul

Greg Clendenning, Nicole
Rosenberg, Beth Hawkins,
Michaela Marincic

Elizabeth A. Stanton

Justin Spencer, Noah Lieb,
Lauren Gage

Jean Shelton, William Marin,
Mike Rufo, Lauren Robinson

> 4
— onv 1hree’

Energy Storage Benefit-
Cost Analysis: A
Framework for State
Energy Programs

Energy Storage: The New
Efficiency
TXC60 Solar and Home
Energy Services Safety
Remediation Non-Energy
Impacts Study — Final
Results

Massachusetts Battery
Storage Measures:
Benefits and Costs

Energy Efficiency
Resiliency Valuation
Methodology
What is the Residential
Value of Resiliency? The
Answer May Lie in the
Shadows.

Geography

Various regions of
U.S., including New
England
Performed for
Massachusetts,
applicable elsewhere

Massachusetts

Massachusetts
Pacific Northwest
(based on weather
data for Boise, ID)

California

Residential
Estimate, Low

$2/kWh

$1.40/kWh for a 16-
hour outage
$0.14 per household
for reliability of
medical equipment;
$1.72 for avoided
death benefit
$5,325/housing unit
for low-income single
family participants;
$510/housing unit for
owners of multi-family
housing
Cost to run generator
during a power
outage: $136.07/kWh

$8.48/kWh

42

Residential
Estimate, High

$26/kWh (across
customer classes)

$33.16/kWh for a
momentary outage

NA

NA
Cost to run generator
during a power
outage: $226.50/kWh

$52.01/kWh
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B.3 SELECTION OF VOLL ESTIMATE APPLICABLE TO CVEO PARTICIPANTS

Between the VolLL literature and the bottom-up NEI literature, none of the articles provided estimates specific to low-to-moderate
income households that use electricity for heating or depend on electric medical devices or otherwise exhibit higher vulnerability to
power outages. Both the evaluation team and PAs hypothesized that people participating in a solar battery program may have a higher
perceived risk of outages and may be more motivated to increase their power resilience than the average customer, whether due to
medical or other vulnerabilities. As a result, we hypothesized that CVEO participants would therefore likely have a higher willingness-
to-pay for uninterrupted power or experience greater benefits than the average residential customer. Therefore, the SGIP study from
California that provided a VoLL estimate for the solar PV customers thinking of adding battery storage in California was selected as an
important reference point and likely upper-bound VoLL estimate for CVEO participants. In addition, it 1) was specific to the U.S. context,
if not New England specifically, and 2) represented customers with solar PV systems that are considering adding battery storage. It is
likely an upper-bound estimate of VoLL because of the recent wildfires in California and the associated risk of losing power for extended
periods of time. The ICE calculator was chosen as a lower-bound estimate because it is intended to represent the value of uninterrupted
power to an average residential customer in Massachusetts rather than a highly motivated customer, and as noted earlier, the Team
hypothesized program participants have higher-than-average motivation to increase their resilience. The ICE calculator is also used in
other reputable studies (e.g., AESC 2024) and is considered a recognized industry standard.
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