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Study 25-1: MA23R55-1E: Income Eligible Process Evaluation

Type of Study: Process Evaluation
Evaluation Conducted by: Guidehouse
Date Evaluation Completed: 10/11/2024

Study Objective and Summary of Results:

The Massachusetts Program Administrators (PAs or Sponsors of Mass Save) and Energy
Efficiency Advisory Council (EEAC) consultants enlisted a process and impact evaluation of the
IE Program.

The IE Program seeks to improve eligible customers’! homes, reduce customers’ energy costs
and improve their health and safety. Customers receive an assessment as well as equipment at no
cost to them (e.g., lighting, HVAC, water heating, weatherization). The program is available to
single-family (SF, 1-4 unit) and multifamily (MF, 5+ unit) buildings, though differences exist
between SF and MF pathway program delivery.

The objectives of the evaluation were as follows:

1. Program ecosystem: Understand where the program fits within a broader landscape of
interventions, programs, and funding streams.

2. Program processes: Understand the current service delivery and QC processes.
Understand the strategic approach for providing weatherization and electrification to IE
households throughout the state.

3. Customer experience: Understand the customer experience of the IE Program for SF
and MF participants.

4. Looking forward: Understand opportunities for the program to expand and broaden its reach by
looking to new technologies/measures, opportunities to deepen building treatments, and
opportunities to integrate new funding sources and delivery partners.

The team developed a set of research questions for each study topic area.

The evaluation included extensive primary and secondary research activities to address these
research needs, integrating insights from the full spectrum of market actors engaged with the
program including program implementation and delivery staff, CFP agencies, and participating
customers (including PHAS, tenants, and MF property managers and owners). The evaluation
used a combination of quantitative analysis (tracking data and surveys) and qualitative research

1 Eligible customers include SF households with incomes at or below 60% of the state median income (SMI) and MF buildings
where at least 50% of households have incomes at or below 60% of the area median income (AMI). Eligibility is discussed in more
detail in Section Error! Reference source not found..
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(ride-alongs, listening sessions, and interviews) to represent populations of interest while
integrating the depth of insights only possible through qualitative approaches.

Key Finding

Overall, the program is on track to meet goals in this three-year cycle. The evaluation found the
program is valued by participants and program implementers alike. CAPs interviewed
specifically noted that it is through “wraparound services” that they provide the most value to
customers. From braiding funding to connecting customers with additional resources, CAP
agencies work to ensure that the customers they serve have access to as many resources as
possible.

Study findings included:

Finding 1: As the previous evaluation noted, there is not currently a centralized data
management approach across agencies for the IE Program that represents participant
details and all measures installed (including those outside of the Mass Save-funded IE
Program). CAPs use multiple systems for data tracking and reporting,? both for the PA-
funded IE Program and others, such as Department of Energy (DOE) WAP (SF pathway)
and other services administered by the CAP agency. The Statewide Production Board is a
step in the right direction, as it centrally houses statewide data. However, implementing
agencies are required to enter only a select number of fields, and many agencies continue
to use other project management platforms. Further, there currently is not connectivity
between these other project management systems and the Statewide Production Board.
Implementing agencies cannot upload the required data from their current data systems,
and instead, enter data into the Statewide Production Board manually. This approach
delays the uploading process and limits the number of data fields that are available to the
Statewide Production Board.

Finding 2: As in the previous evaluation, during ride-alongs, the team observed CAP
auditors collecting data by hand on paper, which they then transferred manually to
multiple electronic systems and databases depending on the PA or other funder (e.g.,
DOE). They communicated potential measures onsite with customers, which could
change when entered into the electronic audit system.

Finding 3: The evaluation was unable to determine whether the SCSC and Statewide
Production Board have improved the overall management of the IE Program due to the
timing of the evaluation. The LVI initiative appears to have the capacity to increase
program participation; LEAN reported that the LV initiative accounted for
approximately half of customers through the program in 2023, even though the initiative
was only officially rolled out mid-year. However, this evaluation was not able to assess
the customer experience with the LVI initiative in a comprehensive way.

Finding 4: The LVI initiative has expanded rapidly since its introduction in 2023 and, as
noted previously, the initiative accounted for approximately half of customers served
through the program in 2023, even though the initiative was only officially rolled out

2 PAs have their own reporting systems that integrate with individual organizational financial systems.
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mid-year. Additionally, around the end of Q3 2023, without program direction, HPCs
began prescheduling leads statewide, outside of cities and towns where they had direction
to do so. This rapid expansion of the LVI initiative created considerable and unexpected
demand resulting in, among other challenges, staffing constraints for the Lead Vendors
(LVs). The evaluation was unable to explore what, if any, production controls have been
established since this time.

Finding 5: Although program satisfaction is high, the open-end responses and
interviews suggest that there is significant room for improvement to the customer
experience of the program, most notably related to communication and expectation
setting. Confusion and lack of communication was a consistent theme in the feedback the
evaluation team received from participants. Many customers were not clear why they
received the specific measures they did and why they did not receive other measures that
were of interest. Several customers were unsure of where to reach out to address
questions and concerns about the program, including who might show up at their home to
perform work, and had experiences of not being able to get resolution when contacting
the number on the Mass Save website or their CAP agency.

Finding 6: Over half of survey respondents said that they still had outstanding issues in
their home such as drafts or other thermal comfort issues after participating in the
program. Many of the issues raised or measures requested are within the purview of the
program (e.g., insulation, air sealing), although the evaluation team recognizes there are
reasons the issue may not have been addressed. Still, this feedback raises an opportunity
for additional customer follow-up post service (also suggested by customers as a process
improvement) and communication on why some issues had been resolved or addressed
while others persisted. All projects completed through the IE Program receive a final
QA/QC inspection to ensure correct and complete installation.

Finding 7: MF participants reported long wait times for application processing and project
delivery. Delays throughout the program participation process, but particularly in the early
process stages, coupled with inconsistent communication, created frustration for participating MF
property owners. Several interviewed MF participants highlighted delays throughout the early
stages of the participation process. These interviewees noted that the sign-up process took a long
time, with one noting that it took about a month to even start the process because they were
unable to get in touch with the correct program representative.

Core Initiatives or End Uses to which the Results of the Study Apply:

Income-Eligible
All End Uses
Electric & Gas

Evaluation Recommendations:

The following recommendations were made by the evaluators conducting this study.

Report Section Recommendation
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New Program Initiatives Conduct additional studies into initiatives that could not be
effectively explored through this evaluation, including the SCSC
and LVI initiative, to understand how these initatives are
performing.

New Program Initiatives Develop systems to understand the growth of the LVI initiative
and determine guardrails to ensure this new program component
does not surpass budgetary limitations.

Internal Processes Identify and implement an electronic assessment tool for onsite
data collection that is compatible with program data tracking
systems.

Internal Processes Convene organizations involved with administering IE

weatherization services (e.g., LEAN, PAs, Executive Office of
Housing and Livable Communities [EOHLC]) to identify (or
develop) and implement a robust electronic tracking system.

Internal Processes Provide additional support for CAP agencies, both technical and
financial, to alleviate administrative burden and improve service
delivery.

Internal Processes The QA/QC visit is completed for 100% of IE Program jobs. There

is an opportunity to expand this visit so that it becomes a
meaningful touchpoint with customers, offering an opportunity
to discuss the measures they received and address any
outstanding concerns.

Customer Journey Provide clear follow-up procedures for customers, particularly
prior to assessments, so that they are aware of where to go when
they have questions about the program, and ensure staff have the
training and resources needed to address participant questions..

Customer Journey Create consistent communication protocols for customers
about both what to expect during their participation in the
program and what measures will be installed and why. This
should include identifying customers’ expectations and
concerns and provide additional information on why measures of
interest were not provided

Customer Journey Explore new program initiatives for the MF pathway to address
the challenges identified by MF customers, including long wait
times.

Customer Experience - Provide additional education to building occupants and property

Electrification owners and managers about electrified equipment, including

what to expect in terms of operating cost and how to operate the
equipment. Ensure that this information is provided to all SF and
MF pathway participants and is provided in the most salient way.
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Develop tools to estimate cost impacts of electrification and

ways of communicating these long- and short-term cost impacts

as well as benefits.

Provide additional support for auditors and installers, including

training in customer education and effective communication

related to electrification measures.

Explain Whether or Not the PAs Decided to Adopt the Recommendations from the Study:

The PAs are considering all recommendations for adoption at this time. The PAs have not formally
adopted or rejected any recommendations that require changes to program design and operations.

How the Study Affects Program Results and Its Significance:

The results of the study and recommendations will be addressed by the program and
implementation teams. The recommendations offer suggestions for program improvements that
will enable the program to achieve goals and create a bigger impact for customers.

Overview of Study Method:

The following table outlines the study tasks and methods.

Research Task

Benchmarking Review

CAP Agency Interviews
& Site Visits

Auditor/Inspector
Interviews & Ride-
Alongs

CFP Partner Interviews

PHA Interviews

Participant Survey &
Interviews

Completed

Completed four interviews with peer PAs running IE programs

Reviewed 44 documents related to electrification, workforce
development, and equity

Conducted 10 in-person and phone interviews with CAP
Energy Directors

Conducted seven interviews with seven CAP auditors and two
interviews with HPC staff involved in the LVI model

Completed five ride-alongs, three with CAPs and two with
HPCs

Conducted five interviews with CFP organizations

Conducted two listening sessions with six PHAs from across
the state, five larger and one smaller

Completed 400 participant surveys
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e Completed 19 participant interviews

Property Owner Survey e Completed nine property owner surveys
& Interviews

e Completed 10 property owner interviews

Application of Results: Retrospectively
A copy of the complete study can be found in Appendix U, Study 25-1
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Study 25-2: MA23R56-B-1ESF: Massachusetts Income Eligible Single Family Impact
Evaluation

Type of Study: Impact Evaluation
Evaluation Conducted by: Guidehouse
Date Evaluation Completed: 8/15/2024

Study Objective and Summary of Results:

As part of the 2022-2024 three-year energy efficiency plan, the Massachusetts (MA) Program
Administrators (PAs) identified the need for an impact evaluation of the Income Eligible (IE)
Single Family (SF) initiative. The primary goal of the evaluation was to update the initiative’s
energy savings for prospective application as part of the forthcoming 2025-2027 three-year
implementation cycle. Cadeo, as part of a Guidehouse-primed evaluation team, led this study
(MA23R56-B-1ESF), which is one of several concurrent studies informing the PAs’ three-year
planning process for the IE initiative. The other studies include an impact evaluation focused on
IE Multifamily (MF) measures, a process evaluation of the entire IE initiative (SF and MF), and
a robust heat pump metering study that includes IE and non-IE participants.

Select key evaluation findings from the study are:

Lower average natural gas weatherization savings relative to the previous evaluation.
Less natural gas weatherization savings is consistent with long-term regional trends
IE SF savings compare favorably to regional benchmarks.

IE and non-IE customers heat their homes with heat pumps similarly.

Savings for most non-weatherization measures are similar to current estimates.

Savings for every prescriptive measure and fuel type are summarized in the report in Table A.

Core Initiatives or End Uses to which the Results of the Study Apply:

e Residentiallncome-Eligible
e All End Uses
e FElectric & Gas

Evaluation Recommendations:
The following recommendations were made by the evaluators conducting this study.

e Increasing robustness of required electronic tracking data. The Community
Action Program (CAP) agencies that deliver IE SF maintain electronic participation
records that meet the PAs’ current reporting requirements for the initiative. However,
the required customer, building, and measure data in the electronically available
datasets is insufficient to support robust impact evaluations. For example, the
available electronic tracking data indicates that a given participant received air
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sealing through IE SF, the date the air sealing was performed, and expected savings
from the measure. The available electronic data does not, however, include critical
details, such as the participant’s pre- or post-initiative air infiltration rates, which
would allow an evaluator to independently model air sealing savings.

Without it, this evaluation—again like the previous study—had to manually gather
this information. Specifically, the team had to extract essential evaluation data points,
such as an air sealing participant’s air infiltration rates, from scans of handwritten
energy assessments and measure installation forms for a subset of participants. This
manual process has multiple drawbacks. It adds cost, yields less information (i.e.,
results in data for a sample of participants versus the whole population), and
introduces uncertainty (as the team must interpret assessor’s notes). Collectively,
these factors adversely impact the quality of an impact evaluation, which, in turn,
adversely impacts the PAs’ ability to confidently forecast savings for the IE SF
Initiative.

The evaluation team recommends—as the evaluation team did as part of the previous
evaluation more than 10 years ago—that the PAs require CAPs to increase the
robustness (i.e., the level of customer and measure detail) maintained electronically in
the initiative’s tracking systems. In addition to the data already required by the PAs
for reporting, the PAs should require CAPs to store the following information
electronically in dedicated data fields to support future evaluation efforts:

o Home size (square feet of conditioned space)

o Pre- and post-air sealing blower door air infiltration values (CFM50)

o Location of installed insulation (wall, attic, floor)

o Pre- and post-insulation R-values by location

o Areas of installed insulation (e.g., percentage of total wall area insulated)

o Existing HVAC efficiency (i.e., rated AFUE), system type (e.g., furnace,
boiler), and estimated age (for derating)

o Existing DHW efficiency (i.e., rated EF or UEF), system type (e.g., storage),

and estimated age (for derating)

o Heat pump type (central, ground source, single or multi-zone zone mini-split)
and outdoor unit model number

o Heat pump control strategy (manual or integrated) and, if integrated, the
switchover temperature setting

o Presence and type of secondary heating sources

Existing window type (single pane, double pane, etc.)

o New window SHGC and U-value

O

Ensuring these essential data elements are available electronically for every relevant
IE SF participant will increase the validity, reliability, and value of future IE SF
impact evaluations, especially for key measures such as air sealing and insulation that
make up the majority of the initiative’s savings.
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This enhanced electronic data management practice is long overdue; robust tracking
databases containing the customer and measure details listed above are available for
most initiatives, including Residential Coordinated Delivery (RCD), the PAs’ non-1E
residential home energy assessment initiative. It should not be necessary to manually
extract critical initiative information from handwritten forms.

The evaluation team recognizes that CAPs provide a wide range of services in their
communities (beyond delivering the PAs’ IE SF initiative) and that those services
have their own data collection and management requirements. The team also
recognizes that the CAPs may need financial and technical support to institute this
improvement. As such, the PAs should work closely with the CAPs, as well as other
stakeholders in Massachusetts, including the Energy Efficiency Advisory Council and
Department of Public Utilities, to act on this recommendation in a way that achieves
the necessary data improvement while not adversely impacting CAP staff and their
delivery of other important community services.

The evaluation team is indifferent with respect to specific software the initiative uses
to create this richer dataset but resolute that the identified solution must efficiently
collect, store, and export the detailed electronic information required for robust
evaluation. Such a database would not only improve the robustness, reliability, and
accuracy of future IE SF evaluations but also serve as a valuable resource for the
diverse stakeholders that serve and support the IE population in the Commonwealth.

e Enabling access to information regarding non-PA funded measures. The CAP
agencies that implement [E SF on behalf of the PAs braid federal and other non-PA
funding with IE dollars to provide more comprehensive service for IE SF participants.
The team attempted to gather information on these non-PA funded measures—first
from the CAPs and then from Executive Office of Housing and Livable Communities
(EOHLC)—throughout this evaluation. However, the evaluation team’s efforts were
unsuccessful, which left the team with a partial perspective of what happened in
participating IE SF homes. This limited understanding of the full range of
interventions in participating homes had an adverse impact on the team’s ability to
specify reliable billing analysis to estimate weatherization savings—IE SF’s primary
measure. The team recognizes that EOHLC is the ultimate decision-maker on what
information they share about measures they fund, but the team recommends the PAs
engage the CAPs and EOHLC to proactively create a data sharing plan that benefits
all IE stakeholders and that will support the next IE SF evaluation effort.

Explain Whether or Not the PAs Decided to Adopt the Recommendations from the Study:

The PAs are considering all recommendations for adoption at this time. The PAs have not formally
adopted or rejected any recommendations that require changes to program design and operations.

How the Study Affects Program Results and Its Significance:

This evaluation provides updated savings values for all IESF measures. The PAs will use these
updated savings and gross realization rate values prospectively in the initiative.

Overview of Study Method:
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The evaluation team used a combination of building simulation, engineering algorithms, and bill
disaggregation to evaluate savings for every IE SF measure. Through this multifaceted approach,
the team was able to apply the most appropriate methodology—or, in some cases, combination
of approaches—to accurately evaluate each measure.

This study focuses on several key IE SF measures: air sealing and insulation (collectively
referred to as weatherization) and heat pumps, as weatherization is the long-standing driver of IE
SF savings. In 2022 weatherization comprised half (51%) of IE SF annual savings across all fuel
types. Heat pumps currently make up a smaller portion of the initiative’s current savings, but the
measure is central to meeting the PAs’ greenhouse gas (GHG) emissions targets and will play an
increasingly prominent role in the IE SF initiative in the future.

Application of Results: Prospectively
A copy of the complete study can be found in Appendix U, Study 25-2
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Study 25-3: 23R54 Renovations and Additions Process Evaluation and Program Theory and
Logic Model Update

Type of Study: Process Evaluation
Evaluation Conducted by: NMR Group
Date Evaluation Completed: 8/8/2024

Study Objective and Summary of Results:

The MA23R54 Renovations and Additions (R&A) Process Evaluation and Program Theory and Logic
Model Update study was designed 1) to conduct a process evaluation of the R&A program, 2) to update
the program theory and logic model (PTLM) based on PA and implementation staff guidance to reflect how
the program is designed to work, and 3) to develop potential indicators of progress toward market effects
due to the program. The study gathered retrospective feedback about the operations of the relatively new
R&A program, along with prospective reactions from market actors and participants about how the market
might respond to a shift to an all-electric program design.

Findings were derived from a web survey of 81 homeowners and interviews with 17 builders and five HERS
raters. All of the homeowner and market actor respondents had participated in the PAs’ R&A program.

The study provides the following key findings from the process evaluation:

o HERS raters drive program awareness and participation. HERS raters reported feeling
overburdened with both the program’s marketing and educational responsibilities.

e Mixed levels of program satisfaction from customers and builders suggest room for improvement
in the program.

e The program influenced customers to make improvements to parts of their home beyond the initial
project scope.

e Most market actors expect program participation will increase because of positive experiences and
changes in code.

e As the program switches to an all-electric model, all-electric requirements may limit opportunities
for improving outcomes for customers who are resistant to heat pumps.

Core Initiatives or End Uses to which the Results of the Study Apply:

Residential

New Homes & Renovations
HVAC & Hot Water & Envelope
Electric & Gas

Evaluation Recommendations:
The following recommendations were made by the evaluators conducting this study.

e Recommendation 1: The PAs should begin tracking program activity indicators and set baselines
for indicators of market effects as soon as possible to help the PAs to make a case for attribution of
market effects, at a later date, that may result from the PAs’ R&A activities.



D.P.U. 24-140 - D.P.U. 24-149
2025-2027 Three-Year Plan
Exhibit 1, Appendix T
October 31, 2024
Page 14 of 76
e Recommendation for Future Research 1. The next phase of the market effects
research should include an assessment to determine the baseline year and where
the program is in the market transformation timeline, as well as develop a
quantification approach to quantify market effects. To inform the assessment, the
next study should include a market characterization component and a profiling of
customers and market actors that do and do not participate in the program.
o Recommendation for Future Research 2: Evaluators and PAs should consider the
implications that program-supported full gut renovations can have on future market effects and
NTG studies.

Explain Whether or Not the PAs Decided to Adopt the Recommendations from the Study:

The PAs are considering all recommendations for adoption at this time. The PAs have not formally
adopted or rejected any recommendations that require changes to program design and operations.

How the Study Affects Program Results and Its Significance:

This evaluation lays the groundwork for future R&A market effects studies by developing an R&A program
theory and logic model and identifying indicators of program activity and market effects. The outcome
indicators identified in this study are preliminary with room for modification in the next stage of market
effects studies for the R&A program. By tracking these indicators, PAs can demonstrate that market effects
stem from program activities and assess progress toward long-term outcomes, providing a context for
attribution before quantifying savings from these market effects.

Overview of Study Method:

This study included:
e aweb survey with 81 Massachusetts homeowners who participated in the R&A program
e interviews with 17 builders and five HERS raters who participated in the R&A program
e four roundtable meetings with R&A program and implementation staff

Application of Results: Prospectively

A copy of the complete study can be found in Appendix U, Study 25-3.
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Study 25-4: MA23R58-B-RCD: Massachusetts Residential Coordinated Delivery Single
Family Impact Evaluation

Type of Study: Impact Evaluation
Evaluation Conducted by: Guidehouse
Date Evaluation Completed: 8/15/2024

Study Objective and Summary of Results:

As part of the 2022-2024 three-year energy efficiency plan, the Massachusetts (MA) Program
Administrators (PAs) identified the need for an impact evaluation of the Residential Coordinated
Delivery (RCD) initiative. The primary goal of the evaluation was to update the initiative’s gross
energy savings for prospective application as part of the forthcoming 2025-2027 three-year
implementation cycle. Cadeo, as part of a Guidehouse-primed evaluation team, led this study
(MA23R58-B-RCDIMPACT).

Select key evaluation findings from the study are:

e Lower average natural gas weatherization savings relative to the previous evaluation.
Less natural gas weatherization savings is consistent with long-term regional trends
Lead Vendors (LVs) continue to overestimate weatherization savings.

Natural gas results drive delivered fuel results, which are facing similar issues.
Savings for most non-weatherization measures are similar to current estimates.

Savings for every prescriptive measure and fuel type are summarized in the report in Table A.

Core Initiatives or End Uses to which the Results of the Study Apply:

e ResidentialResidential
e All End Uses
e Flectric & Gas

Evaluation Recommendations:
The following recommendations were made by the evaluators conducting this study.

e Working with LVs to improve vendor estimate savings. As three consecutive impact
evaluations have determined that RCD LVs overestimate weatherization savings, the
team recommends the PAs proactively work with their LVs to improve savings
estimations. Improvements should include, but are not limited to, calibrating models
using individual customers’ pre-RCD energy consumption and using more recent weather
data files (TMYx not TMY3) to reflect winter warming trends. If the PAs and LVs
determine that these potential changes are impractical (due to access to data or the time
required for calibration), the PAs should consider alternative approaches to estimating
and/or claiming weatherization savings. These alternatives could include transitioning air



D.P.U. 24-140 - D.P.U. 24-149
2025-2027 Three-Year Plan
Exhibit 1, Appendix T
October 31, 2024
Page 16 of 76
sealing and insulation to deemed savings measures or using a simplified method that
results in more conservative estimates. Regardless of the improvements made, the PAs
should ensure these changes happen early in the process so that the savings estimates
shared with participants (after their home energy assessment or HEA) are more reflective
of the savings they are likely to achieve.

Explain Whether or Not the PAs Decided to Adopt the Recommendations from the Study:

The PAs are considering all recommendations for adoption at this time. The PAs have not formally
adopted or rejected any recommendations that require changes to program design and operations.

How the Study Affects Program Results and Its Significance:

This evaluation provides updated savings values for all RCD measures. The PAs will use these
updated savings and gross realization rate values prospectively in the initiative.

Overview of Study Method:

The evaluation team used a combination of billing analysis, building simulation, and engineering
algorithms to evaluate gross savings for every RCD measure. Through this multifaceted
approach, the team was able to apply the most appropriate methodology—or, in some cases,
combination of approaches—to accurately evaluate each measure. In general, the team relied on
billing analysis whenever the model produced measure-specific results at 90% confidence and
greater than 20% precision. When billing analysis did not produce statistically significant results,
the team evaluated savings using engineering algorithms (for measures that do not generate
interactive effects) or calibrated building simulation (for measures that do).

This study focused heavily on two specific RCD measures: air sealing and insulation,
collectively referred to as weatherization. This focus is because weatherization is the primary
driver of RCD savings. In 2022, weatherization comprised more than three-quarters (83%) of
total RCD vendor estimated annual savings across all fuel types.

The evaluation team used billing analysis with a matched control group to evaluate savings for
RCD weatherization participants that heat their homes with natural gas. The team used the
statistically significant result for natural gas participants and, through a series of thoughtful
engineering adjustments, generated weatherization savings for RCD participants that heat their
homes with electricity, heating oil, and propane. These adjustments accounted for key
differences across fuel types that impact savings including home size, heating equipment
efficiency, pre-program building envelope conditions, and the quantity of installed insulation.

Application of Results: Prospectively
A copy of the complete study can be found in Appendix U, Study 25-4.
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Study 25-5: MA23R59-B-MFI: Massachusetts Income Eligible and Residential Coordinated
Delivery Multifamily Impact Evaluation

Type of Study: Impact Evaluation
Evaluation Conducted by: Guidehouse
Date Evaluation Completed: 8/23/2024

Study Objective and Summary of Results:

As part of the 2022-2024 three-year energy efficiency plan, the Massachusetts (MA) Program
Administrators (PAs) identified the need for an impact evaluation of the multifamily (MF) sub-
offerings of the Income Eligible (IE) and Residential Coordinated Delivery (RCD) initiatives.
The primary goal of the impact evaluation was to update the existing gross energy savings
associated with prescriptive MF measures offered through both residential initiatives. The PAs
will prospectively apply the updated MF gross energy savings (for measures with deemed
savings) and gross realization rates (for measures with vendor-calculated savings) as part of the
forthcoming 2025-2027 three-year implementation cycle

Select key evaluation findings from the study are:
e Measures reviewed covered seven end uses (Envelope, HVAC, Process, Domestic Hot
Water, Motors/Drives, Refrigeration, and Plug load)
e RCD and IE participants with natural gas heating that received insulation saved 50
therms and 42 therms per dwelling unit respectively.
e Air sealing savings per dwelling unit were relatively similar for both RCD and IE
participants with natural gas heating (61 therms and 62 therms respectively).

Savings for every prescriptive measure and fuel type for both RCD and IE are summarized in the
report in Table A and Table B respectively.

Core Initiatives or End Uses to which the Results of the Study Apply:

¢ Residential and Income-Eligible
e All End Uses
e FElectric & Gas

Evaluation Recommendations:
The following recommendations were made by the evaluators conducting this study.

e Study the reduction in air infiltration due to air sealing. Currently, the IE and RCD MF
Lead Vendors (LVs) do not conduct pre- and post-blower door tests at MF buildings that
receive air sealing. In the absence of measured data about the actual change in infiltration
resulting from the initiative’s air sealing efforts, the LVs — and the evaluation team — are
forced to rely on the default assumption (20% reduction in air changes per hour or ACH)
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documented in the current Technical Reference Manual (TRM). Without primary data from

air sealed MF participants, or a clear empirical basis for the current 20% reduction

assumption, neither the LV nor evaluation team have reliable data to evaluate the actual

energy savings associated with air sealing. The evaluation team recommends the PAs

collect data to fill this critical information gap. As blower door testing at MF buildings is

challenging, the evaluation team suggests the PAs commission a dedicated air sealing study

or provide the LVs with additional technical field support to test a statistically significant

sample of participating MF buildings. Either way, it is essential the PAs facilitate the

collection of reliable air sealing data so that LVs and evaluators alike can more accurately
report savings for this key measure.

e Improve statewide consistency of data tracking. As part of this study, the evaluation
team found National Grid’s data provided the most consistent and clear mapping of
initiative data across participating MF accounts, buildings, and facilities. For other PAs,
the team had difficulty following the same connections between these important MF
elements. Consequently, the evaluation team recommends the PAs collaborate to establish
a consistent approach across PAs for reporting these critical linkages at participating IE MF
and RCD MF properties. Clear and consistent documentation across PAs regarding which
measures map to which accounts, how many units are served by each account, and which
accounts map to participating buildings and facilities will remove uncertainty in the
tracking data and increase the viability of future evaluations.

e Continue using existing air sealing and insulation gross savings and gross realization
rates. The PAs determine savings for vendor-calculated measures, including air sealing
and insulation, by applying evaluation-based gross realization rates to the gross savings
reported by their LVs. Calculating the gross realization rate for any given measure requires
two inputs: average evaluated savings for that measure (the calculation’s numerator) and
average reported savings for the same measure (the denominator). In the case of air sealing
and insulation, uncertainty exists in both the evaluated savings (because, without data, the
team had to assume a 20% reduction in air sealing) and in the reported savings (because of
difficulty reliably converting account-level reported air sealing and insulation savings into
unit-level savings). As a result, the evaluation team was unable to calculate reliable gross
realization rates for the PAs. Therefore, the team recommends the PAs continue to use the
existing per-unit gross savings (varies by PA) and gross realization (0.86) for RCD MF air
sealing and insulation measures, as well as the PA-specific gas realization rates currently
used for [E MF.

Explain Whether or Not the PAs Decided to Adopt the Recommendations from the Study:

The PAs are considering all recommendations for adoption at this time. The PAs have not formally
adopted or rejected any recommendations that require changes to program design and operations.

How the Study Affects Program Results and Its Significance:

This evaluation provides updated savings values for all prescriptive MF sub-offerings of the IE
and RCD initiatives. The PAs will use these updated savings values prospectively in the initiatives.

Overview of Study Method:
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The evaluation team used a combination of building simulation, engineering algorithms, and

billing data disaggregation to evaluate the impact of every RCD and IE MF measure. Through

this multifaceted approach, the team applied the most appropriate methodology—or, in some

cases, combination of approaches—to accurately evaluate each measure. The team also reviewed

the current IE custom measure process to document and provide greater transparency for
stakeholders statewide.

This study focused heavily on two specific RCD and IE MF measures: air sealing and insulation,
collectively referred to as weatherization. This is because weatherization is the primary driver of
RCD MF savings and a large driver of IE MF savings. In 2021, weatherization comprised over
half (56%) of total RCD MF and about a third (29%) of annual savings across all fuel types.

The evaluation team used building simulation to evaluate weatherization savings for RCD and IE
MF participants that heat their dwelling units with natural gas or electricity. The team evaluated
heating oil or propane weatherization by leveraging the building simulation results for natural gas
and applying engineering adjustments to account for differences between the fuel types. These
adjustments accounted for key differences across fuel types that impact savings including dwelling
unit size and heating equipment efficiency. For most other measures, the team relied on
engineering algorithms.

The team evaluate the impact of every prescriptive RCD and IE MF measure, as well as relevant
C&I measures (C&I measures align with RCD High Rise measures) using the one or
combination of the following:

e |E Custom Measure Process Review

e Billing Analysis

e Engineering Algorithms

e Building Simulation

Application of Results: Prospectively
A copy of the complete study can be found in Appendix U, Study 25-5.
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Study 25-6: MA22R51-B-HPMS: Heat Pump Metering Study

Type of Study: Impact Evaluation
Evaluation Conducted by: Guidehouse
Date Evaluation Completed: 9/14/2024

Study Objective and Summary of Results:

The Massachusetts Program Administrators and the Connecticut Energy Efficiency Board and
Evaluation Administrator Team engaged Guidehouse to conduct a heat pump (HP) metering
study in the states of Massachusetts and Connecticut. This joint study conducted in
Massachusetts and Connecticut sought to understand the performance, efficiency, and capacity
of heat pumps across all outdoor air temperatures, the usage and peak demand of heat pumps,
use of backup heat and the heating load met by heat pumps, heat pump controls used, overall
measure impacts, and customer experience with their heat pumps (including satisfaction with
their heat pumps, cost of operation, and any maintenance issues). Data collection for the study
spanned November 2022 through May 2024. The study report was finalized in August 2024.

Select key evaluation findings from the study are:

Heat pumps met a large majority of the heating load in Full Displacement (FD)
applications. Across all FD sites, about 86% of heating load is met by the heat pump for
Central HPs, 92% for Mini-split HPs, and 99% for Ground Source HPs. The remainder of
the load is met by backup heating systems, with some homes using auxiliary electric
resistance heat to meet remaining load, especially for homes with central HPs. This
resulted in higher average peak demand for CHP sites relative to sites with MSHPs.

For Partial Displacement (PD) installations, HPs met approx. 67% of the homes heating
load for Central HPs and 79% for Mini-split HPs.

The study found a wide variability in heat pump usage between sites, even while
normalizing by installed capacity.

After two to three heating seasons of operation, about half of all customers with PD
installations report still using their integrated control (IC) to auto-switch system
operation, and review of onsite metered data showed about 70% of PD sites with central
HPs and 20% of PD sites with mini-split HPs had a consistent switchover temperature
throughout the metered period.

Operational efficiencies (COPs) varied as a function of temperature for all HP types, as
expected. In general, average COPs for compressor-on mode was approximately 2.0
below 5°F. Seasonal efficiencies varied, but were generally lower than rated heating and
cooling season efficiencies.
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e Most customers were satisfied with the cost of operating their heat pump, although 29%
of respondents claimed that higher energy costs impacted how they ran their heat
pumps.
e Most customers report that they did not experience maintenance issues with their heat
pump, however some customers reported various equipment issues or refrigerant leaks.
e This study also quantified measure impacts for the fuel displacement heat pump
measures, tabulating the energy change for electricity and fuel consumption, and peak
demand impacts, for all derivations of heat pump type and displacement type.

Overall, the heat pump fuel displacement measure offerings were found to be “successful” and
having the intended effect. On average, customers are satisfied with their heat pumps, and the
heat pumps were able to keep customers comfortable and meet all or the majority of the
heating load as intended. The program can consider some enhancements to program rules and
guidelines to increase the fuel displacement and to improve customer experience.

Core Initiatives or End Uses to which the Results of the Study Apply:

e Residential
e HVAC
e Electric & Gas

Evaluation Recommendations:

The following recommendations were made by the evaluators conducting this study.

Enhance program requirements to more clearly identify criteria for Full Displacement and
Partial Displacement installations.
e In 2024, the sponsors of Mass Save require the removal or disconnection of backup
heating systems for a Full Displacement rebate, which should help to minimize the use
of backup heating sources in FD installations.

e The current program guidelines and Qualified Product Lists (QPLs) also enforce higher
thresholds for heat pump maintenance capacities (Btu delivered capacity of the unit at
17°F and 5°F relative to the rated capacity at 47°F) and efficiencies at lower outdoor air
temperatures, relative to the minimum requirements in place in 2021 and 2022 (the
units that were included in this study’s metered sample).

Full Displacement program qualifications could be further enhanced by:

e Ensure that program criteria make it clear that, for whole home heat pump
designations, the newly installed heat pump(s) must serve all of the regularly occupied
areas of the home.

e The Sponsors of Mass Save currently require that contractors size the heat pump(s) to
meet the full heating load of the entire home per ACAA Manual J Design Conditions,
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however this documentation is only required upon request. Consider further clarifying
the design temperatures and sizing thresholds contractors must use to ensure the heat
pump can meet the heating loads of the home down to the lowest outdoor air
temperatures. Further clarify whether the capacity requirements are solely for heat
pump compressor operation, or for the heat pump and any installed auxiliary electric
heat.

If a customer has an existing heat pump (non-rebated or previously rebated) that will
remain installed to serve part of the home, consider if the program intends to allow
these homes to qualify as Full Displacement.

Develop or further enhance random onsite verification of installed heat pump units. For
sampled sites, request the Manual J, and during these verification visits, verify the
inputs and the load calculations. Ensure that the heat pump(s) serve the intended areas
of the homes and that the model specifications and capacity of the heat pump(s) can
reasonably meet the heating loads of the home or zones that are intended to heat.
Ensure contractors and customers are aware that random verification visits may occur
at the premise.

Update rebate structure to align with heating capacity rather than cooling capacity.

Give additional guidance to installers on switchover temperatures and heat pump sizing.

Continue to provide and improve criteria and guidance to contractors on what switchover
temperature to size the heat pump for, and what switchover temperature to program for
Partial Displacement systems. Consider setting maximum switchover temperature(s), so
that heat pumps are meeting more of the winter period load.

Consider adjustments to program requirements for integrated controls, especially for mini-split

HPs.

Installation of integrated controls was a program requirement in 2021/2022 and remain
in place in 2024. Even so, less than half of mini-split HP installations showed consistent
switchover temperatures across the metered period. Many mini-split HPs are installed
to serve spaces not served by a backup system. Integrated controls can and should
continue to be required and used in cases where they make sense (Central HP
installations, mini-split HP installations where the zoning of mini-split HP and backup
heating systems are aligned, where the IC products work well for the installed systems,
and for which the customer is willing to use them). The droop control method may also
be a good option for installations that are not a good fit for integrated controls or for
which the customer is not willing to use them, however zoning of the heat pumps and
backups systems may still be a consideration.

Provide customers with additional education on how installing a heat pump will impact their
electricity bill.
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e Consider providing additional education and tools on how a switch to a heat pump could
impact customer’s bill, especially if their pre-existing system is not electric. Mass Save

hosts a heating and cooling cost comparison calculator to compare the operational costs

of different HVAC systems. This tool can further be promoted to customers and

contractors to assist in these cost estimations, especially for potential FD applications.

e Share the customer experience findings of this study with the heat pump installer
network for awareness of maintenance issues that tend to occur in these types of heat
pump installations. Consider enhancing quality control checklists for any verification
visits, and checking for potential maintenance items such as condensate or refrigerant
charge issues.

Conduct a heat pump technical assessment periodically to inform program requirements.

e Heat pump technology is evolving rapidly, with new product entering the market every
year with higher reported efficiency, maintenance capacity (Btu delivered capacity of
the unit at 17°F and 5°F relative to the rated capacity at 47°F) at lower outdoor air
temperatures, controls, and other features. The Massachusetts Program Administrators
could conduct periodic review of the product available in the market and their technical
specifications and unit prices to inform potential updates to minimum program
requirements including heat pump efficiencies and capacity ratios.

Update deemed savings estimates and parameters in the Massachusetts Technical Reference
Manual.

Explain Whether or Not the PAs Decided to Adopt the Recommendations from the Study:

The PAs are considering all recommendations for adoption at this time. The PAs have not formally
adopted or rejected any recommendations that require changes to program design and
operations.

How the Study Affects Program Results and Its Significance:

This study provides insights into heat pump usage, performance, and peak demands, as well as
customer experience with their heat pumps. The study largely found that heat pump retrofits are
having the intended effect of displacing pre-existing gas, fuel, and electric resistance heating, and
are largely keeping customers comfortable. The program can consider enhancements to program
rules or guidelines to further enhance fuel displacement and customer experience.

Overview of Study Method:

Study methods are summarized below:

To study team drew on the following data sources:
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e Fuel Displacement program tracking data for 2021 and 2022 program years. The
majority of survey and onsite sample was drawn from the 2022 program year
participants.

The team derived findings from the following tasks:

e Conducted customer surveys across two waves for 2021/2022 program participants. The
survey assessed customer experience, documented building characteristics and HP
operational characteristics, and asked customers questions to identify baseline system
type.

e Fast feedback interview and surveys were conducted during the 2022/2023 and
2023/2024 heating seasons to understand customer experience with their HPs during
the coldest period of the winters.

e Onsite metering was conducted at 185 sites across MA and CT to record usage and peak
demand of HPs, as well as usage of backup heating systems. At a subset of 105 homes,
additional temperature and airflow data was collected to calculate in-situ performance
of the installed heat pumps.

Application of Results: Prospectively
A copy of the complete study can be found in Appendix U, Study 25-6.
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Study 25-7: MA24R66-B-WxUA: Weatherization Usage Analysis

Type of Study: Impact Evaluation
Evaluation Conducted by: Guidehouse
Date Evaluation Completed: 9/14/2024

Study Objective and Summary of Results:

Guidehouse conducted this study to evaluate the relative usage, cost, and customer comfort for
homes that weatherized or did not weatherize in conjunction with installing a heat pump
through the Mass Save® heat pump program offerings. This study was conducted to answer
research questions posed by the MA Department of Public Utilities (DPU), included below:

DPU Request: “Prior to the end of the 2022-2024 Three-Year Plan term, the Program
Administrators shall undertake an evaluation study comparing energy usage, costs, and
comfort levels for customers that did and did not weatherize prior to or after heat pump
installation. The evaluation study must include a discussion of comparative bill impacts
for each case.”

This study leverages data collection from the separate Heat Pump Metering Study (HPMS),
including the program data, customer survey data, and onsite metering data and associated
usage and performance analysis outputs.

Per the current Massachusetts program guidelines, sites are deemed to be weatherized
if the home was built after the year 2000, if the homeowner completes a home energy
audit through the Mass Save program offerings and completes recommended
weatherization upgrades, or if the total cost of the recommended weatherization
upgrades is below $1,000. For the purposes of this weatherization study analysis, homes
in the HPMS onsite sample were tagged as having met the weatherization threshold if
they were built after the year 2000, or if the customer indicates via their survey
response that they had completed weatherization upgrades to their home through the
Mass Save or Energize CT home energy audit programs.3

Select key evaluation findings from the study are:
The analysis explored the relationship between heat pump energy usage and home
weatherization. This HPMS metered usage analysis did not demonstrate statistically significant

3 Through discussions with the study sponsors, the team determined that the customer survey responses were adequate to tag
customers as having completed home weatherization projects. The program data did not provide the weatherization completion
status for all of the onsite sampled homes, however, there was a reasonable accuracy (match) between the program reported
weatherization status and the customer reported weatherization status for the homes with complete records in both datasets.
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differences in normalized metered heat pump usage between homes that did and did not meet
the weatherization threshold. Variability in site-level usage, combined with the low sample size
for the non-weatherized homes, contributed to this uncertainty. Given this finding, the
evaluation team recommends further research to quantify differences in average usage
between weatherized and non-weatherized homes that install heat pumps. Calibration building
simulation scenario analysis, or billing analysis, could be conducted to study these differences.

The team also used the results of the HPMS 2023-2024 end of (heating) season survey to assess
customer comfort, cold day comfort, and any other customer feedback that may inform
differences in average customer experience for homes that met or did not meet the
weatherization threshold. There were no clear comfort trends for weatherized homes and non-
weatherized based on the survey.

This study report was finalized in August 2024.

Core Initiatives or End Uses to which the Results of the Study Apply:

e Residential
e \Weatherization
e Electric & Gas

Evaluation Recommendations:

The following recommendations were made by the evaluators conducting this study.

The Massachusetts PAs can consider additional research to quantify the differences in average
heat pump usage between weatherized and non-weatherized homes. Calibration building
simulation scenario analysis, or billing analysis, could be conducted to study these differences.

Explain Whether or Not the PAs Decided to Adopt the Recommendations from the Study:

The PAs are considering all recommendations for adoption at this time. The PAs have not formally
adopted or rejected any recommendations that require changes to program design and
operations.

The PAs may conduct additional studies to explore the relationship between home weatherization
and average heat pump usage.

How the Study Affects Program Results and Its Significance:

The resutls of this study did not show a statistically signifiant differences in home energy usage
and customer experience with their heat pumps, on the basis of home weatherization status.
However, the sample sizes for homes that did not meet the weatherization threshold were rather
low, limiting the ability of this study to quantify the impacts for home weatherization on average
usage or customer experience. The results of this study will likely not affect program planning in
the short term.

Overview of Study Method:
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Study methods are summarized below:
e Analysis of program data and survey data to tag HPMS participants as having met or not
met the weatherization threshold defined by the program.
e Analysis of HPMS usage data to summarize average HP usage for homes that met and
did not meet the weatherization threshold, normalized per ton of installed HP capacity.
e Analysis of HPMS survey data to explore any potential differences in customer
responses to several survey questions as a function of weatherization status. Customer
survey questions explored whether customers had additional backup heating sources
installed and whether they used them during the winter cold periods, whether the
home remained comfortable during the cold periods, and effectiveness of the HP to
maintain home comfort during the winter and cold periods.

Application of Results: Prospectively
A copy of the complete study can be found in Appendix U, Study 25-7.
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Study 25-8: MA24R67-B-HPBRWT: Heat Pump Baseline Re-Weighting_and Measure

Impacts Tool

Type of Study: Technology Evaluation
Evaluation Conducted by: Guidehouse
Date Evaluation Completed: 8/22/2024

Study Objective and Summary of Results:

The Guidehouse evaluation team completed this study for the Massachusetts Program
Administrators (PAs). This quick hit study developed an Excel calculator tool to allow the user to
adjust baseline system assumptions and measure impacts rollup assumptions using the recently
completed Heat Pump Metering Study Impact results. The measure impacts rollup in the Heat
Pump Metering Study uses two scenarios for baseline and post-retrofit system types and
installation types:

e Primary Scenario

o Baseline weighting: includes baseline weights for all potential HVAC system
types. Baseline weights are determined from the study primary customer survey
and are based on the counterfactual situation: what HVAC system(s) the
customer would have installed if they did not install the heat pump they did,
which could be their pre-existing heating system or an alternative heating
system. The baseline usage is the usage of the baseline equipment that would be
required to meet the same heating and cooling Btu delivery as the post-retrofit
heat pumps in the metered sample.

o Post-Retrofit heat pump usage scenario: post-retrofit heat pump usage for the
full metered sample. The metered sample include program participants from
2021 and 2022 program years. In these program years, the customer was not
required to remove their pre-existing heating system to access the Full
Displacement measure rebate.

o Measure impact normalization scenario: Per ton of installed heat pump cooling
capacity

e Alternative Scenario
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o Baseline weighting: removed baseline weights for heat pump system types from

the customer survey responses, and re-weights the remaining baseline system
types to a total 100% weight.

o Post-Retrofit heat pump usage scenario: in this scenario, the Full Displacement
measure categories only include the subset of metering sample where the
customer removed or fully disconnected their pre-existing heating systems and
the study verified that the customer did not use backup heating systems during
the metered period. This sample is lower than the full metered sample in the
primary scenario.

o Measure impact normalization scenario: Per ton of installed heat pump cooling
capacity

Select key evaluation findings from the study are:

e The tool allows the PAs to adjust the weights for the baseline system types. The PAs
could choose to select one equipment type to give 100% weight, or re-weight amongst
multiple system types. The tool can be used to test different baseline scenarios or could
be used to update baseline system weights based on future customer research, such as
new surveys to assess reported customer baseline system types.

Core Initiatives or End Uses to which the Results of the Study Apply:

e Residential
e HVAC
e Flectric & Gas

Evaluation Recommendations:

The following recommendations were made by the evaluators conducting this study.

e The evaluation team recommends the PAs use the tool to test different baseline
scenarios or to update baseline system weights based on future customer research,
such as new surveys to assess reported customer baseline system types.

Explain Whether or Not the PAs Decided to Adopt the Recommendations from the Study:

The PAs are considering all recommendations for adoption at this time. The PAs have not formally
adopted or rejected any recommendations that require changes to program design and
operations.

How the Study Affects Program Results and Its Significance:

This study developed a Microsoft Excel tool to allow the user to adjust baseline weighting
assumptions, select a post-retrofit usage scenario, and to define a measure impacts normalization
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metric to summarize overall measure impacts for the heat pump fuel displacement measures.
The PAs can utilize the tool for future program changes.

Overview of Study Method:

Study methods are summarized below:

Tool Creation

In this task, the team developed an Excel tool using the following steps:

Imported into Excel the post-retrofit heat pump consumption for all Heat Pump Metering
Study measures, including central heat pumps, mini-split heat pumps, and ground source
heat pumps for both full and partial displacement installations. Includes the usage for
both scenarios — the primary scenario including the full metering sample, and the
alternative scenario which includes the subset of metered sample that
remove/disconnected their pre-existing heating system(s).

Imported the baseline equipment consumption for each equipment and fuel type, for
each of the post-retrofit scenarios outlined above.

Pre-populated the Excel tool with the baseline weight scenarios that were included in the
Heat Pump Metering Study report.

Developed functionality for the user to select the baseline equipment scenario and the
post-retrofit scenario to calculate overall measure impacts.

Developed functionality for the user to input custom baseline equipment weight(s) and
calculate custom measure impacts using the new baseline weight(s).

The tool was set up to calculate the annual kWh impacts and annual MMBtu fuel impacts.
The tool also calculates the other outputs in the MA BCR model, including the summer
and winter on/off peak period values, summer and winter coincidence factors, and the
maximum load reduction.

The tool also breaks out the savings streams for three cases: baseline to code minimum
HP, code minimum HP to post-retrofit HP, and the baseline to post-retrofit HP case

Application of Results: Prospectively

A copy of the complete study can be found in Appendix U, Study 25-8.
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Study 25-9: MA24R68-B-HPEMS: Heat Pump System Sizing, Heat Pump Refrigerant
Leakage, and Heat Pump Filter Maintenance — Quick Hit Study

Type of Study: Impact Evaluation
Evaluation Conducted by: Guidehouse
Date Evaluation Completed: 10/10/2024

Study Objective and Summary of Results:

Guidehouse conducted this quick hit study to investigate the impacts heat pump sizing on
occupant comfort, heat pump usage patterns, and the impacts of filter maintenance and
refrigerant leakage on heat pump performance. This study leverages data collection from the
recently completed Heat Pump Metering Study (HPMS), a multi-state study conducted for the
Massachusetts Program Administrators (PAs) and for the Sponsors of Energize Connecticut
(Energize CT). This study leverages the program data, customer survey, and onsite metering data
collected as part of the HPMS to answer these additional research questions. The study sought
to understand the prevalence of heat pump maintenance and sizing issues within the onsite
sample and investigate how those issues are related to equipment performance and occupant
comfort.

Select key evaluation findings from the study are:

Guidehouse analyzed 17 full displacement sites for the equipment sizing portion of the study. Of
these 17 sites, the evaluation team identified four systems as potentially undersized, twelve
systems as properly sized and one system as potentially oversized.

For the refrigerant leakage task, only 6 of 101 sites (6 of 171 systems) in the MA region reported
issues with refrigerant leakage during the HPMS metering period. One system was damaged and
shut down due to this issue. Another site reported a leak at the end of the study; however, the
heat pump was performing poorly before the leak was reported, suggesting the leak was likely
there for some time. A third site reported having two separate leaks. However, the system’s
power, supply temperature and return temperatures were consistent across the metering
period signifying the leaks were either immediately fixed, did not have an observable impact on
heat pump performance, or occurred outside the metering window.

The other three sites did not have enough data to identify performance issues and draw a
conclusion.

Although this analysis did not identify significant performance impacts from refrigerant leaks, it
is important to note that 4% of sites reporting a noticeable leak could significantly impact the
overall greenhouse gas savings for all installed heat pumps. This analysis was not sensitive
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enough to able to capture gradual refrigerant leaks that may show performance degradation
over several years. The prevalence and overall impact of refrigerant leaks may be more
widespread that what is reported in this study.

Of the 46 systems included in the filter maintenance status analysis, the team identified 11
systems with observable impacts to supply air temperatures due to the cleanliness status of the
filters. For seven of the systems, changes in the supply temperature and fan power matched up
with the timing of participant reports for when they were changing out their filters. The impacts
observed for those seven systems were transient and returned to their baseline after the filter
changeout or cleaning. The participants for three of the remaining four systems claimed to
never replace or clean their filter. These systems demonstrated gradually decreasing supply
temperatures over time that likely impacted the system performance. The final site consistently
reported low supply temperatures. The site had a twin system with an indoor head and central
ducting. The indoor head’s filter, which was in the basement, was cleaned, but the air handler
filter, which heated and cooled the rest of the home, was dirty during the meter installation and
throughout the metering period.

While the team was able to observe impacts to heat pump performance at specific sites from all
three of the HP issues (refrigerant leaks, filter maintenance, system sizing), the quick hit study
did not show statistically significant impacts to the modeled heating season performance factor
(HSPF) vs. the rated HSPF for the systems with sufficient performance data.

Core Initiatives or End Uses to which the Results of the Study Apply:

e Residential
e \Weatherization
e Electric & Gas

Evaluation Recommendations:

No formal recommendations were made in this evaluation.

Explain Whether or Not the PAs Decided to Adopt the Recommendations from the Study:
N/A (no formal recommendations were made in this evaluation)

How the Study Affects Program Results and Its Significance:

While the team was able to observe impacts at specific sites for the three
maintenance/sizing/leakage issues, the quick hit study did not show statistically significant
impacts to the modeled HSPFs vs the rated HSPF for the systems with good performance data.
The PAs may conduct additional studies to investigate the impacts heat pump sizing on occupant
comfort, heat pump usage patterns, and the impacts of filter maintenance and refrigerant leakage
on heat pump performance.

Overview of Study Method:
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The quick hit study analyzed the performance and usage data collected during the HPMS. The

Guidehouse team collected heat pump air filter status (categorized as brand new, lightly used, or

needs replacement) during the installation of the HPMS metering equipment. To address the

research questions for the quick hit study, the team added additional retrieval visit questions to

ask participants about their maintenance practices, assess air filter status, and noted any
customer-reported issues during the metering period.

Application of Results: Prospectively

A copy of the complete study can be found in Appendix U, Study 25-9.
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Study 25-10: 23R60 Single-Family and Low-Rise Multifamily Residential New Construction
Baseline Study

Type of Study: Market Characterization or Assessment Evaluation
Evaluation Conducted by: NMR Group
Date Evaluation Completed: 9/30/2024

Study Objective and Summary of Results:

The MA23R60 study was designed to describe energy-efficiency practices of single-family (SF) and low-
rise multifamily (LRMF) residential new construction (RNC) built under the Ninth Edition Massachusetts
State Building Code (2018 IECC). The study described longitudinal trends and compared industry standard
practice (ISP) for program and non-program homes and Base Code and Stretch Code homes, to potentially
update the User Defined Reference Home (UDRH), the RNC program’s savings baseline. The study also
gathered feedback from code officials about Base Code practices and from market actors about code
compliance and market trends.

The study provides the following key findings for SF and LRMF homes:

e HERS scores continue to improve (drop) since last measured* (SF: from 59 to 52, LRMF: from 54
to 50). Code’s HERS score requirements were static across that time (HERS 55).

o The average SF program HERS score is one point better than non-program (P: 51, NP: 52). For
LRMF, program units outperform non-program by three points (P: 50, NP 47).

e SF Stretch Code homes are one HERS point better than HERS-rated Base Code homes (53 vs 52).
LRMEF Stretch homes substantially outperform HERS-rated Base Code (55 vs 49).

o All-electric is rare (SF: 4%, LRMF: 14%); electric heating is more common in LRMF (SF: 9%,
LRMF: 29%).

e Qas tankless water heaters are popular (SF: 61%, LRMF: 53%), and HPWHs have gained market
share (SF: 24%, LRMF: 13%).

o SF air leakage is 29% better than the previous study; LRMF is 15% better. Supply ducts are fully
in conditioned space quite often now, reducing problematic leakage (SF: 47%; LRMF: 87%). Duct
leakage rates improved by more than 50% for SF and 65% for LRMF,

e Code compliance under the 2018 IECC is high for SF (95%) and middling for LRMF (59%). Few
homes built under 2018 IECC would satisfy the much stricter 2021 IECC.

e Code officials said prescriptive compliance is common in Base Code towns, suggesting differences
in the small portion of homes built under Base Code without HERS ratings.

e Market actors anticipate difficulty complying with the new Tenth Edition code and were concerned
about the RNC program’s shift toward electrification.

The study had the following key limitations:

o RESNET data (a collection of HERS rating data) are biased toward Stretch Code communities,
where HERS ratings are the default way to comply with code, and exclude non-HERS rated Base
Code homes, which may be less efficient than HERS-rated homes.

4 MA19X02 for SF and MA20R30 for LRMF.
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e RESNET data include some sources of uncertainty, and methodological differences between this
and previous studies limit some longitudinal comparisons.

Core Initiatives or End Uses to which the Results of the Study Apply:

Residential

New Homes & Renovations
HVAC & Hot Water & Envelope
Electric & Gas

Evaluation Recommendations:
The following recommendations were made by the evaluators conducting this study.

e Recommendation 1: Move forward with the PAs’ plan to develop a program theory and logic
model (PTLM) for the RNC program that reflects the new program design. Based on the updated
program theory, work with stakeholders to reconsider how the program calculates savings (rather
than immediately updating the program’s UDRH to reflect the industry standard practice seen in
the study results).

Explain Whether or Not the PAs Decided to Adopt the Recommendations from the Study:

The PAs are considering all recommendations for adoption at this time. The PAs have not formally
adopted or rejected any recommendations that require changes to program design and operations.

How the Study Affects Program Results and Its Significance:

This study used RESNET’s official database, which includes measure-level data for all HERS-
rated homes. The data are affordable and provide sample sizes that cannot be matched with
traditional on-site studies. The previous LRMF baseline (MA20R30) used RESNET data; this is
the first SF baseline to do so. It also provided qualitative data about market trends not included in
recent Massachusetts RNC baselines. The study described ISP separately for SF and LRMF,
providing two separate sets of results. Showing how ISP differs between program and non-program
and Stretch and Base Code homes will help the PAs understand where to guide program efforts.
This will also help the PAs and stakeholders reassess how the program calculates savings in light
of 1) its new design with an all-electric focus and 2) its reclassification as a market transformation
initiative.

Overview of Study Method:

The ISP analysis relied on RESNET’s official database of HERS-rated homes, which included
HERS scores and measure-level inputs recorded by HERS raters for their energy models. The
database yielded usable data for 14,513 single- and 5,733 multifamily units, which described
approximately 46% of homes permitted from November 2020 through December 2022. The study
also included a survey of code officials in 17 of the 50 Base Code towns and interviews with seven
builders and three HERS raters.

Application of Results: Prospectively



D.P.U. 24-140 - D.P.U. 24-149
2025-2027 Three-Year Plan
Exhibit 1, Appendix T
October 31, 2024
Page 36 of 76
A copy of the complete study can be found in Appendix U, Study 25-10.
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Study 25-11: MA23C06-E-CUSTELEC Massachusetts Impact Evaluation of
PY2021/2022/2023 Custom Electric Installations

Type of Study: Impact Evaluation
Evaluation Conducted by: DNV

NMR Group

DMI
Date Evaluation Completed: 7/2/2024

Study Objective and Summary of Results:

The purpose of this study was to provide verification and re-estimation of energy and demand
savings for a recent sample of statistically selected non-lighting custom electric projects through
site-specific verification, monitoring, and analysis for Program Year 2021/2022/2023. The study
aimed to quantify annual achieved electric energy savings; summer and winter on-peak demand
savings; and gross lifetime savings adjustment factors (LSAFs) for PY2021/2022/2023. Results
were then pooled with the results from the three most recent evaluations to determine rolling
realization rates.

The study provides the following key findings for the three-year pooled non-lighting realization
rates:

e The gross annual RRs (MWh) were 93.3% (£8%) statewide, 89.4% (£8%) for CLC, 94.1%
(£19%) for Eversource, 92.3% (£8%) for National Grid, and 89.0% (£8%) for Unitil.

e The summer on-peak RRs (kWh) were 87.5% (+18%) statewide, 85.6% (+18%) for CLC,
107.0% (£36%) for Eversource, 78.3% (+15%) for National Grid, and 83.3% (+17%) for
Unitil.

e The winter on-peak RRs (kWh) were 85.8% (+16%) statewide, 81.3% (£17%) for CLC,
108.9% (£35%) for Eversource, 85.3% (+16%) for National Grid, and 79.8% (+18%) for
Unitil.

e The LSAFs were 94.9% statewide, 97.0% for CLC, 88.9% for Eversource, 99.7% for
National Grid, and 96.2% for Unitil.

Core Initiatives or End Uses to which the Results of the Study Apply:

Commercial & Industrial
All Initiatives

Custom

Electric Only

Evaluation Recommendations:

The following recommendations were made by the evaluators conducting this study.
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Recommendation 1: The PAs should apply the results prospectively to 2025 savings.

Specifically, National Grid should use their specific realization rates for non-lighting projects;

National Grid should use their specific Lifetime Savings Adjustment Factors (LSAFs) for non-

lighting projects; Cape Light Compact, Eversource, and Unitil should use the statewide

realization rates for non-lighting projects; and Cape Light Compact, Eversource, and Unitil
should use the statewide LSAFs for non-lighting projects.

Recommendation 2: The PAs should estimate lifetime savings using a dual baseline approach
for early replacement projects when applicable. The three-year pooled LSAF results have
decreased because no PAs besides National Grid appear to routinely account for dual baseline
impacts in the lifetime savings calculations.

Recommendation 3: The PAs should expand post inspection protocols (at a minimum for a
random sample of projects, and all projects over a certain savings threshold reflective of the
large census strata threshold used for evaluating projects) to document the installed measures
and ensure they match the scope of work and to verify savings. This recommendation was also
provided at the end of the most recent two impact evaluations.

Recommendation 4: The PAs should diligently review VFD applications and ensure there is
clarity in the application to explicitly exclude projects where variable flow is not included in
the design. The installation of VFDs should only be incentivized if they will control variable
loads where static head is not dictating the motor operation. VFD controls should not be
incentivized if installed on motors that support constant volume operations (e.g., moving water
from one pond to another, well pumps) because they will not result in electric energy savings.

Recommendation 5: The PAs should attempt to collect baseline trend data and if available,
update project savings based on post-implementation trend data for controls-based projects
including VFD projects.

Recommendation 6: The PAs should ensure that all lost opportunity projects follow the
appropriate ISP and baselines are reflective of the measure event type.

Recommendation 7: The PAs should ensure the MRD clearly outlines all proposed equipment
and controls that are the basis for energy savings to allow for post inspection verification of
the key savings parameters.

Recommendation 8: The PAs should continue to support the evaluation outreach protocols,
including PA assistance requests when possible, to assist in improving recruitment success rate.

Recommendation 9: Before adjusting savings or applying a savings cap to an engineering-
based savings estimate, the PAs should consider and document any other site-specific data that
supports the adjustment (e.g., use of pre-project billed consumption as a reference).

Explain Whether or Not the PAs Decided to Adopt the Recommendations from the Study:

The PAs are considering all recommendations for adoption at this time. The PAs have not formally
adopted or rejected any recommendations that require changes to program design and operations.
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How the Study Affects Program Results and Its Significance:

The study produced three-year pooled realization rates for gross annual energy savings, summer
and winter peak demand savings, percent on-peak (National Grid), and LSAF as part of the project
year 2021/2022/2023 evaluation.

Overview of Study Method:

Methods for this study were similar to previous years’ studies, but with one primary change to
expand the scope to full M&V for all primary samples. Steps included sampling of 26 non-lighting
sites, desk reviews, on-site visits with full M&V, site-level and program-level analysis, and
comprehensive reporting of results.

Application of Results: Prospectively

A copy of the complete study can be found in Appendix U, Study 25-11.
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Study 25-12: MA24C02-E-EOUPDATE: Energy Optimization Model Version 2.1 Update

Type of Study: Technology Evaluation
Evaluation Conducted by: Cadeo
Date Evaluation Completed: 9/25/2024

Study Objective and Summary of Results:

The goal of the commercial Energy Optimization Model (EO model) was to generate impact
estimates for prescriptive heat pump measures in commercial buildings for prospective
application via the Massachusetts Technical Reference Manual (TRM). The Massachusetts
Program Administrators (PAs) use the model to quantify the impacts associated with full or
partial displacement of inefficient oil-, propane-, gas- and electric-primary heating systems to
more efficient heat pump systems.

The new version 2.1 model included the following key updates:

e Updated VRF Simulations: The team updated VRF simulations to integrate best
available data and better align midstream cooling impact values with TRM-derived
estimates and empirical data sources.

e Changed Ventilation Heating Fuel Assumptions: The team adjusted assumptions to
match supplemental and ventilation heating fuel with the primary heating equipment fuel
for both baseline and program cases.

o Integrated More Recent Program Tracking Data: The team incorporated the latest
available downstream program tracking data (program year 2022 through 2023) to
develop case weights. The latest data included 10,537 incentivized units.

e Created Market Actor-Based Weights: The team administered a web survey to 70 heat
pump installation contractors to gather MA-specific data about current market installation
practices, informing pre-program HVAC system and counterfactual scenario model
weightings.

Core Initiatives or End Uses to which the Results of the Study Apply:

e Commercial & Industrial
e HVAC
e Electric Only

Evaluation Recommendations:
The following recommendations were made by the evaluators conducting this study.

e Continue to Refresh the EO Model with Recent Program Data. The team recommends
the PAs annually update the EO Model —at least through the next 3-year cycle—with the
most recent program data to reflect the maturation of the fast-moving commercial heat
pump market. This is especially important for PTHPs as this technology was not offered



D.P.U. 24-140 - D.P.U. 24-149
2025-2027 Three-Year Plan
Exhibit 1, Appendix T
October 31, 2024
Page 41 of 76
when this study began. These regular updates will ensure that modeled impact estimates
reflect the latest market trends, program activity, and the evolving mix of equipment
incentivized through the program, which, in turn, will result in the most appropriate impact
values for the PAs to apply prospectively.
Improve Collection of Customer and Contractor Information. Currently, survey results
are unweighted for the developing case weights (i.e., all survey responses are weighted
equally). The team’s plan was to match survey respondents’ vendor names to vendors in
the program data to weigh results by each vendor’s installed capacity or count. However,
most entries in the program tracking data (~80%) did not include vendor names, thus
preventing matching for a representative portion of survey responses. We recommend
greater stringency in tracking unique identifiers, such as vendor names, in program data
collection.
Directly Simulate New Construction Buildings. During v2.0 development, the team and
PAs agreed to focus on existing buildings, in alignment with the understanding at that time
that new construction would not be included in midstream or downstream programs.
However, recent interviews with implementation PAs indicated that new construction is
and will continue to be included in the midstream program. Consequently, we recommend
directly simulating new construction buildings with envelope characteristics set to recent
code-required levels, at a minimum, to account for the presence of new construction
buildings in the midstream program.
Directly Simulate GSHP HVAC Systems. Similar to excluding new construction
scenarios as part of v2.0, the team and PAs collectively decided to not directly simulate
GSHPs due to the low number of installations (only one installed during the period covered
by the available program data) and challenges in accurately modeling ground-coupled heat
exchangers (due to uncertainty around sub-soil hydrology and thermal capacitance). Since
then, the program has experienced a significant increase in prescriptive GSHP units (184
in 2022-2023). To more accurately capture the impact of GSHP in the future, we
recommend directly simulating GSHP HVAC systems in the next model update. Given the
increase in GSHP activity, directly simulating these systems will result in more
representative and robust impact estimates.
Field Additional Data Collection Efforts. We recommend the PAs field additional data
collection efforts, including, but not limited to, a metering study for downstream program
participants aimed at quantifying the following:

o Building Consumption and Characteristics for Calibration. Metering the
primary and backup heating and cooling consumption for buildings prior to
program participation would allow the team to more accurately calibrate future
models. Currently, the EO Model’s simulations are calibrated to non-program
participant billing data. To decrease the uncertainty of non-HVAC aspects of the
building, the field data could also collect information on building characteristics,
such as envelope and fenestration characteristics (wall, window, roof, and
foundation insulation) and internal gains (lighting power density, gas/electric
equipment power density, and occupancy). At a minimum, any data collected
should include the square footage of the building or portion of the building served
by the primary HVAC systems and the systems’ capacities.
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o Pre-Existing Cooling Conditions. While the installation contractor survey
gathered some information on the proportion of baseline systems that did not have
cooling capability before program participation, it did not comprehensively gather
information on the full range of pre-existing cooling scenarios. Scenarios that were
not captured in the survey include instances where a program participant was going
to install cooling equipment other than a heat pump, or if a heat pump was installed
for heating and does not provide cooling. A metering study or other field data
collection effort could inform the various pre-existing cooling conditions that
should be included in a future update. The EO Model v2.1 assumes all baseline
systems have cooling capability, in alignment with v2.0. The EO Model v2.1 also
has the functionality to adjust impact results based on the proportion of baseline
systems with cooling capability, but the tool does not consider the full range of pre-
existing cooling scenarios.

o Proportion of VRF Systems with Coupled and Decoupled Ventilation. While
the installation contractor survey gathered some information on the proportion of
VREF systems with coupled versus decoupled ventilation, a metering study or other
field data collection effort could further inform and improve upon this input. The
EO Model v2.1 is capable of weighing VRF impact results by ventilation approach
and these proportions can be easily updated in the presence of new data.

o Supplemental and Ventilation Heating Fuel Assumptions. Given a lack of
available data, the EO Model v2.1 assumes that the fuel for any supplemental or
ventilation heating is the same as the primary heating system. This assumption is a
change from v2.0 where the supplemental and ventilation heating fuel is assumed
to be the same as the baseline ventilation system fuel type. While we believe this
assumption overall is an improvement for v2.1, additional data collection could
inform whether this assumption is accurate or if adjustments are needed. Once
collected, the team and PAs can also consider adding supplemental/ventilation
heating fuel as a new segment and weigh simulation results by this proportion.

o Dual-Fuel Controls for Partial Displacement Cases. The EO Model uses a hard
switchover when simulating partial displacement cases, informed by information
on the program application and the installation contractor survey. However, some
systems have dual-fuel operation capability. There is limited data on how these
controls function in program heat pump installations (i.e., at what outdoor air
temperatures back-up equipment begins to operate and the proportion of load
shared by primary and backup heating at various outside air temperatures). We
recommend collecting more information on partial displacement controls,
particularly for dual-fuel operation. Once this information is collected, the team and
PAs can consider adding switchover controls as a new segment and weigh
simulation results by this proportion.

o Peak Heating and Cooling Loads. Compiling information on the ratio of peak
heating and peak cooling loads could indicate where full displacement may require
substantial distribution system updates. This information could be acquired through
a metering study.

Explain Whether or Not the PAs Decided to Adopt the Recommendations from the Study:
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The PAs are considering all recommendations for adoption at this time. The PAs have not formally
adopted or rejected any recommendations that require changes to program design and operations.

How the Study Affects Program Results and Its Significance:

This study provides updated impact estimates for prescriptive heat pump measures in commercial
buildings for prospective application via the Massachusetts Technical Reference Manual (TRM).

Overview of Study Method:

In 2023, the PAs contracted Cadeo (MA22C10) to significantly update the original commercial
EO Model (version 1.0 or v1.0). This update resulted in version 2.0 (v2.0), which included the
following enhancements:

Expanded modeling capabilities using commercial building energy simulations.

Included additional C&I HVAC equipment types.

Introduced new population data “roll up” scenarios to estimate average measure impacts,
including gas-to-electric fuel system conversions.

Updated baseline assumptions using a survey of recent commercial heat pump program
participants to assign a range of counterfactual baselines (the previous model exclusively
assumed like-for-like replacement as the basis for calculating impacts).

Added adjustable model inputs and scenario weightings that can be easily updated with
new program or survey data.

The EO Model v2.0 report also included recommendations for future model refinement. The team
acted on three of these recommendations, resulting in version 2.1 (v2.1):

Updating the EO Model with Program Data. The team recommended the PAs annually
update the EO Model—at least through the next three-year cycle—to reflect the most recent
program data. These regular updates ensure that the model’s impact estimates reflect the
latest program activity and the evolving mix of incentivized equipment, providing the most
accurate impact values for the PAs.

Fielding an Additional Survey. Although using empirical data from existing downstream
program participants to improve upon the exclusive like-for-like replacement assumption
was a key update for v2.0, the number of usable survey participants that informed the
team’s replacement scenarios was relatively low (n=36). To bolster the reliability of
counterfactual baselines, the team recommended an additional survey. For v2.1, the team
surveyed HVAC installation contractors instead of customers to gain a broader perspective
on what a larger customer base would have installed had they not installed an incentivized
heat pump.

Incorporating New Midstream Impact Values into the TRM Measure Impact
Estimates. The team recommended using the EO Model’s midstream impact results
instead of the existing TRM’s efficiency metric-based calculation. This alignment created
consistency between downstream and midstream programs (i.e., both would come from the
same model). Following v2.0, discussion between Cadeo, the PAs, and midstream
stakeholders highlighted opportunities to update the model with recently released VRF



D.P.U. 24-140 - D.P.U. 24-149

2025-2027 Three-Year Plan

Exhibit 1, Appendix T

October 31, 2024

Page 44 of 76

performance curves and additional ventilation air modeling options, improving the
accuracy of the savings estimates.

Application of Results: Prospectively
A copy of the complete study can be found in Appendix U, Study 25-12.
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Study 25-13: MA24C03-G-RECUSTGAS: Prospective Realization Rates for PY2025
Custom Gas

Type of Study: Impact Evaluation
Evaluation Conducted by: DNV
Date Evaluation Completed: 8/31/2024

Study Objective and Summary of Results:

The purpose of this study was to recalculate gross realization rates and lifetime savings adjustment
factors (LSAF) that should be applied prospectively to custom gas energy efficiency projects
starting with Program Year (PY) 2025.

The study provides the following key findings for the three-year pooled results:

e The steam trap realization rates were 100% statewide, 99% for EMGA, 100% for NSTAR
Gas, and 100% for National Grid.

e The non-steam trap realization rates were 78% statewide, 92% for EGMA, 86% for
NSTAR Gas, and 69% for National Grid.

e The steam trap LSAFs were 100% for all PAs.

e The non-steam trap LSAFs were 104% statewide, 102% for EGMA, 102% for NSTAR
Gas, and 106% for National Grid.

Core Initiatives or End Uses to which the Results of the Study Apply:

Commercial & Industrial
All Initiatives

Custom

Gas Only

Evaluation Recommendations:
The following recommendations were made by the evaluators conducting this study.

Recommendation 1: We recommend the PAs apply the three-year pooled RRs prospectively
to the PY2025 program and beyond or until updated through a subsequent study. Specifically:

» All PAs should use the statewide realization rate for steam trap projects.
*  EGMA and NSTAR Gas should use their own PA-specific RR for non-steam trap projects.

* Berkshire Gas, Liberty Utilities, and Unitil should use the statewide RR for non-steam trap
projects.
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» National Grid should use the statewide RR for non-steam trap projects because its results
are £1.9% less precise than the required £20% limit at 80% confidence interval.

Recommendation 2: The PAs should apply the LSAFs prospectively to the PY2025 program
and beyond or until updated through a subsequent study. Specifically:

» All PAs should use the statewide LSAF for steam trap projects.

* EGMA and NSTAR Gas should use their own PA-specific LSAF for non-steam trap
projects.

» Berkshire Gas, Liberty Utilities, and Unitil should use the statewide LSAF for non-steam
trap projects.

» National Grid should use the statewide LSAF for non-steam trap projects because its results
are £1.9% less precise than the required +20% limit at 80% confidence interval.

Recommendation 3: To better characterize the results for PY2026, we recommend
conducting an impact evaluation of projects installed in the most recent four quarters. These
new results should be pooled with the updated results of PY2021/PY2022 and PY2020.

Explain Whether or Not the PAs Decided to Adopt the Recommendations from the Study:

The PAs plan to adopt the recommendations.

How the Study Affects Program Results and Its Significance:

This study produced three-year pooled realization rates (broken down by steam trap and non-steam
trap segments) for gross annual energy savings and LSAFs. The relative precision (RP) for gross
annual energy was calculated at an 80% confidence interval.

Overview of Study Method:

Methods for this study focused on updating the populations and the samples of the most recent
three program evaluations so that the updated results more accurately characterize the program
offerings in PY2025.

Application of Results: Prospectively

A copy of the complete study can be found in Appendix U, Study 25-13.
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Study 25-14: MA22X02-B-NRNCHPNTG: Non-Residential New Construction Paths 1 and
2 and Fuel Switching Net-to-Gross

Type of Study: Net-to-Gross Evaluation
Evaluation Conducted by: NMR, DNV
Date Evaluation Completed: 6/7/2024

Study Objective and Summary of Results:

The goal of this project was to estimate updated net-to-gross ratios (NTGRs) for the Commercial
and Industrial (C&I) New Buildings and Major Renovations program (the Non-Residential New
Construction or “NRNC program”). This included a NTGR for fossil fuel savings claimed under
the heat pump fuel switching component across all three program pathways and a NTGR for
whole building energy consumption reductions in Paths 1 and 2 of the program. The PAs
quantify the fossil fuel savings generated by heat pumps that are eligible for the per-ton heat
pump incentives using fossil fuel baselines and separate these savings from energy savings
generated by system or measure efficiency upgrades. The fuel switch NTGR is applied to these
fossil fuel savings. The NRNC program applies a Paths 1 and 2 NTGR to the energy savings
derived from system or measure efficiency upgrades that produce lower whole-building energy
consumption.

As this report was being drafted, the NRNC program participation requirements were adjusted to
explicitly add electrification as a key component. This study also concluded amidst ongoing
policy discussions about whether Massachusetts programs supporting electrification will be
evaluated as market transformation initiatives instead of resource acquisition initiatives in the
next triennium. The study yielded updated NTGRs for both the fuel switching and Paths 1 and 2
components of the NRNC program operating under a resource acquisition framework. The
recommendations provide alternate guidance should the impact accounting frameworks for
Massachusetts programs change such that introduce the NRNC program operates under a market
transformation framework.

Core Initiatives or End Uses to which the Results of the Study Apply:

e (Commercial & Industrial
e All End Uses
e Electric & Gas

Evaluation Recommendations:

The following recommendations were made by the evaluators conducting this study.
Recommendation 1: If the fuel switch component of the NRNC program is to be treated as
resource acquisition moving forward, the PAs should claim a NTG ratio of 34% for heat pump
fuel switching savings claimed by projects across all three NRNC program pathways.
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Recommendation 2: If the efficiency component of the NRNC program is to be treated as
resource acquisition moving forward, the PAs should claim a NTG ratio of 47% for efficiency
savings claimed by projects enrolled in Path 1 and Path 2 of the NRNC Program.

Recommendation 3. For program components treated as market transformation initiatives that
will use gross savings as the savings basis, do not apply NTGRs for impact accounting purposes.

Recommendation 4. For program components treated as market transformation initiatives that
will use net savings as the savings basis, apply NTGRs developed through theory-based
evaluation, using the Program Theory and Logic Model (PTLM) and market effects framework
developed during the C&I New Construction Program Planning and Market Effects/Spillover
Study (MA19CX01-B-NCPLANME) as a basis.

Explain Whether or Not the PAs Decided to Adopt the Recommendations from the Study:
The PAs plan to adopt the recommendations.
How the Study Affects Program Results and Its Significance:

This study provides new NTGRs for prospective application that supersede the current NTGRs
used for fuel switching savings and Paths 1 and 2 of the NRNC program if the program
components continue to operate under a resource acquisition framework. This study also
provides guidance on addressing program NTG in the event there are changes to impact
accounting methods used in Massachusetts over the next triennium.

Overview of Study Method:

The study used a modified Self Report Approach (SRA) based on previous Massachusetts
commercial and industrial (C&I) NTG evaluations, with in-depth interviews (IDIs) collecting the
primary data used to estimate project NTGRs. The SRA was chosen in part to provide results in a
short timeframe to meet regulatory deadlines but also because there was interest in collecting
primary data from participating Path 1 and 2 projects, which had not been done before.

As part of modifying the SRA, the team developed updated NTG algorithms that use primary data
from IDIs to generate project-level free-ridership (FR) and spillover values. To address partial fuel
switching, the fuel switching algorithm creates two FR components: one focused on the decision
to use heat pumps to displace fossil fuels (FS FR) and the other focused on the portion of heating
load served by heat pumps (Load FR). These components are averaged together for an overall
project-level FR.

Because projects can vary dramatically in size, the team developed project weights equal to their
portion of the total square footage associated with the projects in each NTG sample. Separate
weights were developed for fuel switching based on the 15 projects in the fuel switching sample
and for Paths 1 and 2 based on the 16 projects in the Paths 1 and 2 sample. For both fuel switching
and Paths 1 and 2, NMR multiplied each unweighted NTG ratio by the project weight and then
summed them across all projects to yield the weighted NTG ratio for each NTG component.

Application of Results: Prospectively
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A copy of the complete study can be found in Appendix U, Study 25-14.
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Study 25-15: MA23X15-E-CIONTG C&I Prescriptive and Custom Electric Net-to-Gross
Omnibus Study

Type of Study: Net-to-Gross Evaluation
Evaluation Conducted by: Tetra, Tech, NMR, DNV
Date Evaluation Completed: 6/24/2024

Study Objective and Summary of Results:

The primary study objective was to produce net-to-gross (NTG) ratios for the Massachusetts
Program Administrators to apply prospectively to the Commercial and Industrial (C&I) electric
existing building downstream programs, beginning in 2025. The primary data collection focused
on all custom-only measures within the Existing Buildings initiative as well as on prescriptive
controlled lighting and lighting controls. Small Retrofit and other prescriptive measure results
have remained consistent across the past two studies and therefore were not included in this
effort. Where data was not collected, results from the PY2019 C&I Prescriptive & Custom NTG
Omnibus Study (MA20X07-B-CIOMNINTG) will be applied prospectively.

Select key evaluation findings from the study are:

The PY2022 retrospective figures show that the program offerings continue to influence
customers’ decisions to install energy-efficient equipment. Sixty percent of participants reported
having a technical assessment and of those who had one, 83% rated its influence on their
decision-making a 7 or higher (on a scale of 0-10 where 0 is “no influence” and 10 is “great deal
of influence”). The past participation adjustment continues to affect overall NTG as well.

Overall, net-to-gross is 8% higher with the past participation adjustment than without. However,
according to participants, vendor influence is no longer a driver in their decision-making (92% of
participants indicated no vendor influence).

Core Initiatives or End Uses to which the Results of the Study Apply:

Commercial & Industrial
Weatherization

HVAC

Lighting

Process

Other

Electric Only

Evaluation Recommendations:

The following recommendations were made by the evaluators conducting this study.
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Recommendation: Adopt the prospective NTG values in
Table 1, beginning in 2025.
Table 1 shows the prospective NTGRs at the statewide initiative, program-type, and measure-
type levels for electric measures. To better align with future program design, these values are
based on both the PY2022 NTG estimates and PY2019 evaluation results, along with discussions
with the consensus group. The study results are also reorganized, combining the Retrofit and
New and Replacement initiatives, to follow the new program structure planned for the next
triennium.

Table 1: Statewide C&I Electric Prospective NTG Results for Use Beginning in PY2025

Prospective source

Initiative gro%ram Measure Type® (PY2019-PY2022 Electric Retrospective
yp Results in Appendix A)
Controlled lighting 81.4% New and Replacement Custom total
o Custom S D
Existing Non-lighting 81.9% Measure level (non-lighting roll-up)
Buildings . Controlled lighting 90.9% Measure level
Prescriptive S o
Non-lighting 87.7% Measure level (non-lighting roll-up)
Controlled lighting 88.6% Small Retrofit Custom total
Small Custom Uncontrolled lighting  84.5% Measure level following reduction rule
Business Non-lighting 94.0% Small Retrofit Program total
Turnkey Controlled lighting 96.4% Small Retrofit Prescriptive total

Retrofit  pregeriptive  Uncontrolled lighting  92.4% Measure level following reduction rule

Non-lighting 96.4% Small Retrofit Prescriptive total

Explain Whether or Not the PAs Decided to Adopt the Recommendations from the Study:
The PAs plan to adopt the recommendations.
How the Study Affects Program Results and Its Significance:

Results from this study will be used for planning the next triennium. Beginning in 2025, they
will be used for claiming savings. Since NTG ratios are not locked for the full triennium, the
NTG ratios are subject to change if the PAs and EEAC determine that a change is warranted.

Overview of Study Method:

This study focused primary data collection on electric custom-only measures within the Existing
Building Retrofit initiative, as well as on prescriptive controlled lighting and lighting controls.
Since Small Retrofit results have remained consistent over time® and new construction projects
are being evaluated as part of the Non-residential New Construction & Fuel Switching NTG
study (MA22X02-B-NRNCHPNTG), these programs and initiatives were not included in the

5 Non-lighting measures include motors/drives, envelope, food service, process, other, HVAC, and refrigeration.

6 Tetra Tech, DNV GL, NMR Group. 2021. Massachusetts Sponsors’ C&I Prescriptive and Custom Net-to-Gross
Study. C&l Prescriptive & Custom Net-to-Gross Omnibus Study (ma-eeac.org); Tetra Tech, DNV GL, NMR Group.
2018. Massachusetts Sponsors’ Commercial and Industrial Programs Free-ridership and Spillover Study. http://ma-
eeac.org/wordpress/wp-content/uploads/TXC 49 CI-FR-SO-Report 14Aug2018.pdf



https://ma-eeac.org/wp-content/uploads/MA20X07-B-CIOMNINTG_CI-PrescrCustom-NTG-Report_Final_2021.09.13.pdf
http://ma-eeac.org/wordpress/wp-content/uploads/TXC_49_CI-FR-SO-Report_14Aug2018.pdf
http://ma-eeac.org/wordpress/wp-content/uploads/TXC_49_CI-FR-SO-Report_14Aug2018.pdf
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study. As previously noted, because of the uncertainty around the future of gas measures this
study focused only on electric measures. A gas study, C&I Prescriptive & Custom Gas Omnibus
NTG Study (MA24X28-G-CIOGNTG), is being conducted and will be completed in 2024.

The study followed the NTG methodological approach of the previous Omnibus study’. In this
study, the evaluation team used a self-reported NTG approach to estimating retrospective
NTGRs and a consensus group to help develop prospective ratios. The participant survey
captured participant free-ridership and spillover and the influential vendor survey determined if
individual participant free ridership scoring needed to be replaced with the vendor free-ridership
results. The nonparticipant vendor survey, conducted as a joint effort with the influential vendor
survey, was used to collect nonparticipant spillover.

This study collected primary data only for prescriptive controlled lighting and lighting controls,
and custom non-lighting PY2022 program measures. For the prescriptive measures for which

primary data was not collected, the evaluation team used the retrospective PY2019 results from
the previous Omnibus study (MA20X07-B-CIOMNINTG) to develop prospective NTGRs.

Application of Results: Prospectively

A copy of the complete study can be found in Appendix U, Study 25-15.

7 Tetra Tech, DNV GL, NMR Group. 2021. Massachusetts Sponsors’ C&l Prescriptive and Custom Net-to-Gross
Study. C&l Prescriptive & Custom Net-to-Gross Omnibus Study (ma-eeac.orq)



https://ma-eeac.org/wp-content/uploads/MA20X07-B-CIOMNINTG_CI-PrescrCustom-NTG-Report_Final_2021.09.13.pdf

D.P.U. 24-140 - D.P.U. 24-149
2025-2027 Three-Year Plan
Exhibit 1, Appendix T
October 31, 2024
Page 53 of 76
Study 25-16: MA23X16-B-MWBE: MASS Save MWBE Study

Type of Study: Market Characterization or Assessment Evaluation
Evaluation Conducted by: Miller®* Consulting, Inc.
Date Evaluation Completed:8/5/2024

Study Objective and Summary of Results:

The purpose of this study was to collect and analyse data to determine if there are any disparities
between the availability and utilization of Minority and Women-Owned Business Enterprises
(MWBE) for contracts awarded by the Sponsors of Mass Save®. M® Consulting’s efforts focused
on the following areas of analysis:

o Collection and analysis of historical contracting records and spend data in the spend
categories of (1) Planning & Program Administration; (2) Marketing; (3) Sales, Technical
Assistance & Training; and (4) Evaluation & Market Research from 2016 through 2018 and
2019 through 2021.

e Compilation of bidder, vendor, MWBE certification and other lists to determine Ready,
Willing, and Able (RWASM) availability and potential (marketplace) availability of contractors
and vendors.

e A survey assessment of procurement and MWBE policies and procedures that included
the following:

o An analysis of the organizational structures of Mass Save.
o An assessment of individual Program Sponsor diversity inclusion efforts along with
Mass Save enterprise-wide inclusion efforts.

¢ Review of Best Practices specific to the energy efficiency space.

¢ A Pipeline (Gap) Analysis to compare current MWBE utilization with potentially available
MWBE firms in the New England region and the State of New York.

The study provides the following key findings:

e During the evaluation period the PAs diversity inclusion programming was individually
based and not uniform. The EEAC should continue to provide oversight and guidance in
support of a collective approach to achieving Mass Save supplier diversity performance
objectives.

e M3 Consulting finds that Mass Save has significant enhancement opportunities in the
following areas to support the development of a more inclusive procurement ecosystem:

o Outreach and Education
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Development of an MWBE Pipeline

Contracting Opportunities

Establishment of clear MWBE goals

Data monitoring & tracking processes

Further Leadership Commitment

Collaboration and leveraging other stakeholders and community partners

o The NAICS Codes (Industry codes) typically associated with Energy Efficiency (EE) trades
are broad in nature and Mass Save has not more narrowly identified/defined the trade
codes it regularly uses in the execution of its procurement opportunities

e M3 Consulting found statistically significant underutilization of MWBE firms across the
various spend categories in Mass Save programs

O O O O O O

Core Initiatives or End Uses to which the Results of the Study Apply:

e All Sectors
e All End Uses
e Electric & Gas

Evaluation Recommendations:

Based on the analysis, discussions, and findings as outlined in the Final Report, M® Consulting is
providing recommendations that contain both race- and gender-neutral and race- and gender-
conscious elements. The recommendations are pertinent options from which Mass Save may
select in tailoring its efforts to the report's findings. The recommended options combine both Mass
Save-specific and best practices based on the study's factual findings. Mass Save should consider
the adoption of recommendations that are most appropriate based on resource requirements,
likely effectiveness, stakeholder acceptance, and organizational feasibility. The Recommendations
Chapter (Chapter 9), of the study includes analysis, discussion, and conclusions around the
following:

¢ Organizational and Procurement Adjustments

e Conclusions on Race- and Gender-Conscious Goal Possibilities

e Recommendations for Targeted Initiatives—Race- and Gender-Conscious and Race- and

Gender-Neutral initiatives
o Diverse Supplier Program Recommendations.

Explain Whether or Not the PAs Decided to Adopt the Recommendations from the Study:
The PAs are considering all recommendations for adoption at this time. The PAs have not formally

adopted or rejected any recommendations that require changes to program design and
operations.
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How the Study Affects Program Results and Its Significance:

The findings give the Mass Save Sponsors the opportunity to update policy that could support
achieving organizational objectives related to inclusion and usage of MWBEs in Mass Save
programs. The results indicate reasonable availability of MWBEs who are active in the primary
NAICS associated with the Energy Efficiency space. With policies that promote inclusion, with
intentional action of PAs and support of leadership, the goal to increase current utilization of
MWBEs is attainable. Using contracting data obtained from the PAs, the results indicate 13.33%
of availability for MWBEs who are active in the energy efficiency marketplace.

Overview of Study Methodology:

M3 Consulting’s approach to this study was tailored to the uniqueness of Mass Save. The
methodology included six analyses which led to conclusions that are bifurcated as, considerations,
and recommendations. The statistical analysis included assessing the — availability and utilization
of MWBE firms among the PAs and, calculating disparity ratios and defining capacity of firms.
Availability measures presented firms that were actually available and defined as ready, willing and
able (RWA) and firms within the broader marketplace. The Study includes a detailed discussion
and analysis of the following:

1. Awvailability Analysis - highlights M® Consulting’s RWAS™ availability model and
potential availability calculations.
2. Utilization Analysis — includes the basis of utilization and an analysis of the
following utilization measures:
e The number of contracts awarded
e The dollar value of the contract awards

3. Disparity Analysis - discusses the disparity ratio findings and results of statistical
significance testing.
4. Capacity Analysis - examines if there were any differences in capacity of firms

based on race or gender that could impact availability. Some data points
considered the firms’ average sales volume, number of employees and number of
years in business.

5. Survey/Focus Group Session/Best Practices Analysis — included a survey and
held 2 focus group to evaluate individual efforts of Mass Save procurement and
supplier diversity staff when attempting to attract, utilize, and engage minority and
women-owned businesses (MWBEs).

6. Pipeline Analysis - assessed the current engagement of Minority and Women-
owned Businesses Enterprises (MWBEs) in Mass Save procurement opportunities
other MWBEs potentially available to PAs in within the New England States and
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New York. This analysis utilized NAICS/SIC codes identified by Mass Save as

currently being used in its procurement activities and an expanded list of similar
codes. The full listing of codes utilized can be found in the Appendix of the full
report.

Taken together, M® Consulting’s findings from the six analyses allow Mass Save to determine if
there is a compelling interest in deploying race- and gender-conscious remedies for any
statistically significant disparity identified in the Study.

Application of Results: Prospectively

A copy of the complete study can be found in Appendix U, Study 25-16.
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Study 25-17: MA23X17-B-NRNCMS: Non-Residential New Construction & Multifamily
Market Actor Population Sizing Study

Type of Study: Market Characterization or Assessment Evaluation
Evaluation Conducted by: NMR
Date Evaluation Completed: 7/8/2024

Study Objective and Summary of Results:

The primary goal of this study was to better understand the populations of market actors and
firms operating in the non-residential new construction (NRNC) and multifamily new
construction sectors in Massachusetts, including firm size, program participation status, and the
extent of firm overlap between the two sectors. The focus of this research was on architects,
mechanical, electrical, and plumbing (MEP) engineers, sustainability consultants, and
commissioning agents, which have been identified in previous research as practitioners with
greatest influence on project design and performance. The study characterized participation at the
firm level in the relevant new construction programs: Paths 1 and 2 of the NRNC program, the
Passive House residential new construction offering (RNC), and the multifamily high rise
(MFHR) new construction offering. A secondary goal was to generate additional survey sample
(including customer contacts like building owners and developers) for future market effects data
collection.

This study confirmed the activity of 259 architecture firms, 94 MEP engineering firms, and 72
sustainability consulting firms in the NRNC or multifamily new construction markets, based on
data sources linking firms and market actors to actual projects in the state. This bottom-up
approach likely undercounts the number of relevant firms and market actors in the state with
NRNC and multifamily new construction experience but provides high confidence that the firms
and individuals counted here are active and relevant to the market sectors being assessed.
Undercounting of firms is more likely in the non-participant sector, meaning actual firm
participation rates are likely lower than those suggested by our data. Over half of the 425 firms in
the study sample were confirmed program participants in one of the relevant new construction
programs. Participation trends in the NRNC and multifamily sectors suggest builders and
developers of low-energy use intensity (EUI) NRNC projects and of multifamily projects
pursuing PH certification often rely on a subset of trusted firms to execute these high-
performance designs. For example, just one-third of architecture firms in our dataset with
experience in the NRNC sector have participated in Path 1 or Path 2 of the NRNC program.
Similarly, just one-third of architecture and MEP engineering firms with experience in the
multifamily new construction market have participated in the PH offering. Participating firms
tended to be larger than non-participating firms. Thirty-four percent of all firms executed
projects in both the NRNC and multifamily new construction sectors while eight percent of all
firms have participated in both the NRNC program and one of the multifamily programs.
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Core Initiatives or End Uses to which the Results of the Study Apply:

e Commercial & Industrial
e All End Uses
e Electric & Gas

Evaluation Recommendations:

No formal recommendations were made in this evaluation.

Explain Whether or Not the PAs Decided to Adopt the Recommendations from the Study:
N/A (no formal recommendations were made in this evaluation)

How the Study Affects Program Results and Its Significance:

This study provides important market data to support future NRNC and Passive House (PH)
market effects evaluations that will study whether anticipated market effects (or outcomes) are
manifesting in target markets and the extent to which these market outcomes are attributable to
the programs. In addition, the bottom-up research done in this study to identify individuals and
firms active in the Massachusetts NRNC and multifamily new construction markets has yielded a
comprehensive and high-quality list of relevant market actors in each sector to satisfy the sample
development needs of future primary data collection efforts.

Overview of Study Method:

The team identified and assessed sources of top-down (or market-level data on market actor and
firm population size to determine if these sources included sufficient granularity to confidently
identify relevant market actors and locate them in the correct sector. At the same time, we focused
on building comprehensive, bottom-up datasets that allowed us to confirm activity in the relevant
sectors, participation status, and additional details like firm size and volume of work. These
bottom-up datasets were a combination of existing market actor sample frames from prior
evaluations and new research using known sources of market actor contact information. The
primary sources were program participant project files, program tracking datasets, and
ConstructConnect®, a third-party construction market intelligence service that tracks new projects
and the firms working on them. Where possible we compared top-down and bottom-up sources
for consistency checks, including verifying that bottom-up contact lists did not exceed the
population size indicated by market-level sources. Sources of top-down market actor and firm
population estimates were in most cases limited by lack of granularity and inconsistent data
availability, leading us to ultimately use the bottom-up contact lists we developed as the basis for
our estimates. After existing contact lists from prior studies were enhanced with new research, the
bottom-up contact lists were cleaned of duplicates, program participants were flagged based on
their (or their company’s) presence in program participation data sources, flags were developed
for activity in the NRNC and/or multifamily new construction sectors, and a final dataset was
created upon which to base the analysis.

Application of Results: Retrospectively and Prospectively

A copy of the complete study can be found in Appendix U, Study 25-17.
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Study 25-18: 2022 Commercial & Industrial Customer Profile Study Additional Metrics

Type of Study: Market Characterization or Assessment Evaluation
Evaluation Conducted By: DNV
Date Evaluation Completed: 5/15/2024

Study Objective and Summary of Results:

The objective of the C&I Customer Profile Study (CCPS) Dashboard Additional Metrics study
was to incorporate new data fields provided by PAs — including MMBtu savings and electrification
project data - onto the dashboard, and to enhance the layout of the existing socioeconomic
dashboard page layout.

The result of this project is the incorporation of additional pages into the dashboard executive
summary showing savings by MMBtu and identifying electrification projects and savings. The
layout revisions to the socioeconomic page enable easier comparison of program achievements
between environmental justice communities (EJCs) and non-EJCs. The new fields that were added
to the dashboard and data warehouse enable additional analyses and research to inform the future
direction of the PAs’ programs.

Core Initiatives or End Uses to which the Results of the Study Apply:

Commercial & Industrial
All Program Paths

All End Uses

Electric & Gas

Evaluation Recommendations:

No formal recommendations were made in this evaluation.

Explain Whether or Not the PAs Decided to Adopt the Recommendations from the Study:

N/A (no formal recommendations were made in this evaluation)

How the Study Affects Program Results and Its Significance:

The implementation of the new pages on the dashboard are available for all dashboard users.
Additionally, the underlying data fields that were added to the dashboard and data warehouse as
part of this effort are available to PAs and other users via ad-hoc requests.
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Overview of Study Method:

DNV incorporated the new data fields provided by the PAs, leveraging additional submitted to
DNV and computing any data not provided by the PAs using the Benefit Cost models. DNV
collaborated with the PAs to obtain data signoff on the new fields before incorporating them into
the data warehouse and dashboard.

DNV developed several iterations of mock-ups, working closely with the CCPS working group to
ensure that the layout and scope aligned with expectations. The resulting new pages in the
executive summary for MMBtu savings and electrification and enhancements to the
socioeconomic page were implemented into the dashboard, going through DNV’s existing review
and quality control protocols.

Application of Results: Retrospectively and Prospectively

A copy of the complete study can be found in Appendix U, Study 25-18.
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Study 25-19: 2022 Residential Non Participant Study

Type of Study: Market Characterization or Assessment Evaluation
Evaluation Conducted By: DNV
Date Evaluation Completed: 9/30/2024

Study Objective and Summary of Results:

The 2013-2022 Residential Nonparticipant Study provides an update to the previous 2013-2017
Nonparticipant Study, which explored relationships between participation and various customer
characteristics. This study examines data spanning the 10 years from 2013-2022 to compare the
5-year period of the previous nonparticipant study (2013-2017) to the 5-year period since then
(2018-2022). The current study repeats key analyses found in the previous nonparticipant study
including participation in every Massachusetts municipality as well as the participation of renter,
moderate-income, limited English-speaking, low-income, and multifamily households (MF 5+) at
the block group level. This report also includes significant additional analysis not conducted for
the previous nonparticipant study. Notably, the integration of delivered fuel savings from 2019-
2022 into the current study, making this the first study to incorporate savings from all fuels. This
is crucial for understanding participation in the context of the programmatic shift in measures away
from lighting and towards electrification.

Core Initiatives or End Uses to which the Results of the Study Apply:

Residential

All Program Paths
All End Uses
Electric & Gas

Evaluation Recommendations:
The following recommendations were made by the evaluators conducting this study.

Recommendation 1: Develop a renter flag based on algorithmic analysis and PA data to help
mitigate the limitations of block group-level analysis by enabling the calculation of participation
rates for this customer group directly.

Recommendation 2: Develop a multifamily flag based on the €911 database, which provides the
number of individual units per primary address.

Explain Whether or Not the PAs Decided to Adopt the Recommendations from the Study:
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The PAs are considering all recommendations for adoption at this time. The PAs have not formally
adopted or rejected any recommendations that require changes to program design and operations.

How the Study Affects Program Results and Its Significance:

The 2013-2017 Nonparticipant Study explored the relationships between participation and various
customer characteristics. The Massachusetts Department of Public Utilities (DPU) used the results
of that study to determine the criteria for qualifying as a Hard-to-Reach community, which in turn
influenced PA program delivery for the 2022-2024 triennium.

The 2013-2022 Residential Nonparticipant Study provides an update to the previous 2013-2017
Nonparticipant Study and includes 10 years of participation rates in each Massachusetts
municipality and block group analysis of renter, moderate-income, limited English-speaking, low-
income, and multifamily households (MF 5+). The current study expanded on the previous study
by examining participation within and outside Hard-to-Reach (HTR) communities as defined by
the DPU, municipalities involved in the Community First Partnership, and comparing low-income
versus market-rate households.

Overview of Study Method:

DNV collaborated with the PAs and Energy Efficiency Advisory Council (EEAC) Consultants to
ensure the study’s approach was responsive to the DPU’s order. This involved reviewing the
analyses in the previous nonparticipant study and determining what should be done in the current
study.

The current study repeats key analyses found in the previous nonparticipant study including
participation in every Massachusetts municipality as well as the participation of renter, moderate-
income, limited English-speaking, low-income, and multifamily households (MF 5+) at the block
group level. This report also includes significant additional analysis not conducted for the previous
nonparticipant study. Notably, it integratea\s delivered fuel savings from 2019-2022 into the
current study, making this the first study to incorporate savings from all fuels. This is crucial for
understanding participation in the context of the programmatic shift in measures away from
lighting and towards electrification.

The current study also builds on the previous study by including participation inside and outside
Hard-to-Reach (HTR) communities as defined by the DPU, municipalities engaged in the
Community First Partnership, and customers in low-income and market rate programs.

This study examined data spanning the 10 years from 2013-2022 to compare the 5-year period of
the previous nonparticipant study (2013-2017) to the 5-year period since then (2018-2022). This
entire period encompasses three full 3-year terms (2013-2015, 2016-2018, 2019-2021), during
which there was significant development in the PAs’ equity-focused initiatives. It also includes
2022, which as the first year of the 2022-2024 cycle does not fully reflect changes implemented
through the 2022-2024 plan.

Application of Results: Retrospectively and Prospectively



D.P.U. 24-140 - D.P.U. 24-149
2025-2027 Three-Year Plan
Exhibit 1, Appendix T
October 31, 2024

Page 64 of 76

A copy of the complete study can be found in Appendix U, Study 25-19.
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Study 25-20: MA24X28-G-CIONTG C&I Prescriptive_and Custom Gas Net-to-Gross
Omnibus Study

Type of Study: Net-to-Gross Evaluation
Evaluation Conducted by: Tetra, Tech, NMR, DNV
Date Evaluation Completed: 9/27/2024

Study Objective and Summary of Results:

The primary study objective was to produce net-to-gross (NTG) ratios for the Massachusetts
Program Administrators to apply prospectively to the Commercial and Industrial (C&I) natural
gas downstream programs, beginning in 2025. The primary data collection focused on eligible
measures within New and Replacement, Retrofit, and Small Retrofit (turnkey) programs. Data
availability limitations prevented the evaluation team from performing a vendor survey, so for
non-participant spillover, results from the PY2019 C&I Prescriptive & Custom NTG Omnibus
Study (MA20X07-B-CIOMNINTG) were applied prospectively.

Select key evaluation findings from the study are:

The PY2022 retrospective figures show that the program offerings continue to influence
customers’ decisions to install energy-efficient equipment. Absent the program, 75% would not
have installed the program measures at the same time as they did, 65% would not have installed
the same quantity, and 60% would not have done so at the same time. Technical assessments also
affect customer decision-making with 90% of those who had one rating its influence a 7 or
higher out of 10 (on a scale of 0-10 where 0 is “no influence” and 10 is “great deal of
influence”). The past participation adjustment continues to affect overall NTG as well. Overall,
net-to-gross is 32% higher with the past participation adjustment than without. However,
according to participants, vendor influence is no longer a driver in their decision-making (92% of
participants indicated no vendor influence).

Core Initiatives or End Uses to which the Results of the Study Apply:

Commercial & Industrial
Weatherization

HVAC

Hot Water

Process

Other

Gas Only

Evaluation Recommendations:

The following recommendations were made by the evaluators conducting this study.



Recommendation: Adopt the prospective NTG values in

Table 1, beginning in 2025.
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Table 1 shows the prospective NTGRs at the statewide initiative, program-type, and measure-
type levels for gas measures. These values are based on the PY2022 NTG estimates, along with
discussions with the consensus group. The study results are also reorganized, combining the
Retrofit and New and Replacement initiatives, to follow the new program structure planned for

the next triennium.

Table 2: Statewide C&I Gas Prospective NTG Results for Use Beginning in PY2025

P Program Measure NTGR Beginning Prospective source
rogram e Type in 2025 P

Custom
Existing
Buildings
Prescriptive
Custom
Small Retrofit
(turnkey)

Prescriptive

Custom
Envelope
Hot water
HVAC
Process
Custom
Envelope
Hot water
HVAC
Custom
Envelope
HVAC
Envelope
Hot water
HVAC

Program type within program total
Measure level
Program type within program total
Measure level
Program type within program total
Program type within program total
Measure level
Measure level
Measure level
Program type within program total
Measure level
Program type within program total
Program type within program total
Measure level
Measure level

Explain Whether or Not the PAs Decided to Adopt the Recommendations from the Study:

The PAs plan to adopt the recommendations.

How the Study Affects Program Results and Its Significance:

Results from this study will be used for planning the next triennium. Beginning in 2025, they
will be used for claiming savings, however, NTGRs are no longer locked for the three years so
NTGRs are subject to change at any time the PAs and EEAC believe it is warranted.

Overview of Study Method:

The study largely followed the methodological approach of the recently completed electric
omnibus study (MA23X15-E-CIONTG). The evaluation team used a self-reported net-to-gross
(NTG) approach to estimating retrospective NTGRs and a consensus group to help develop
prospective ratios. The participant survey captured participant free-ridership and spillover.
Typically, a vendor survey is conducted to assess nonparticipant spillover and to follow up with
participant-identified influential vendors. However, the Team was not able to obtain vendor
information in time to conduct a vendor survey effort, so instead, nonparticipant spillover data
from the prior PY2019 Omnibus study (MA20X07-B-CIOMNINTG) was used in its place,
following an assessment by the evaluation team and the consensus group.
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Application of Results: Prospectively
A copy of the complete study can be found in Appendix U, Study 25-20.



D.P.U. 24-140 - D.P.U. 24-149

2025-2027 Three-Year Plan

Exhibit 1, Appendix T

October 31, 2024

Page 68 of 76

Study 25-21: MA23X11-E-BATTNEI NEIs from Battery Storage Provided to IE Customers

Type of Study: Impact Evaluation
Evaluation Conducted by: NMR, Three®, DNV
Date Evaluation Completed: 3/20/2024

Study Objective and Summary of Results:

The overall goal of the study was to identify, assess, and monetize participant resilience NEIs
associated with battery storage for income-eligible customers and moderate-income customers
participating in the Cape Light Compact’s (CLC’s) Cape and Vineyard Electrification Offering
(CVEO). The resilience NEIs this study assessed are 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. The resilience NEIs will be applicable statewide to similar
offerings.

Select key evaluation findings from the study are:

In order to monetize the resilience NEIs, the study identified upper and lower bound estimates of
the Value of Lost Load (VoLL) from the literature. 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. The study used the
Building Energy Optimization (BEopt) software to develop seasonal customer load profiles for
three prototypical modeled CVEO participant homes and estimated the amount of energy the
CVEDO batteries could provide during outages in a typical year. The study determined the average
number, length, and season of outages in the Cape Light Compact service territory for a three
year period, 2020 through 2022.

Core Initiatives or End Uses to which the Results of the Study Apply:

Income-Eligible
Weatherization
HVAC

Electric Only

Evaluation Recommendations:
The following recommendations were made by the evaluators conducting this study.
Recommendation: Adopt the Resilience NEIs in

Table 1, beginning in 2025.
Table 1 presents the annual NEI estimates using the upper-bound estimates for two battery
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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. The study team recommends
using the NEI value for the standard BEopt model configuration with one battery ($162.08) as a
temporary, conservative NEI estimate. Once more program data are available, the NEI value can
be updated based on the proportion of program homes receiving one and two batteries. The study
team recommends updating these estimates once there are more data on several parameters from
program implementation data and the survey of CVEO participants. These are (1) the percent of
the CVEO population with a medical need, (2) battery storage configuration, and (3) battery
capacity.

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

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

(A) (2020-22 average) (2022%)
(B) (AxB)

Single Battery, Standard BEopt

11.73 $162.08

average home model
Two batteries, Standard BEopt

Wi i p 13.10 $181.00
average home model $13.82
Single Battery, Full charge 13.64 $188.45
average home
T i Full ch

wo batteries, ull charge 15.52 $214.46

average home

Explain Whether or Not the PAs Decided to Adopt the Recommendations from the Study:
The PAs plan to adopt the recommendations.

How the Study Affects Program Results and Its Significance:

Results from this study will be used for planning for the next triennium.

Overview of Study Method:

The study team conducted a review of the recent VOLL literature and a review of studies that
used a bottom-up approach to estimate resilience NEIs. The study 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
VoLL from non-SGIP households represents the best estimate of incremental VoLL attributable
to battery storage that is applicable to the CVEO participants. Importantly, the 2021 SGIP
included separate estimates of VoLL for those with medical needs and those without.
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The study also developed a lower-bound estimate of VoLL for residential customers in
Massachusetts using the Lawrence Berkeley National Lab (LBNL) Interruption Cost Estimate
(ICE) calculator, which is 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 study used the Building Energy Optimization (BEopt) software to develop seasonal
customer load profiles for three prototypical modeled CVEQ participant homes. The study
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.

To estimate the resilience NEIs the team first estimated the kWh supplied by the battery system
during an outage by merging the BEopt load profiles with the outage data. Next, the study
estimated the NEIs for individual outages for each home type (large detached single family home
[SFH], small detached SFH, attached SFH) and by number of batteries (one or two) using the
following equation:

NEI per Home per Outage=VoLL CVEO($/kWh) x Total kWh supplied by the battery system
during the outage X (total number of customers affected by the outage / total number of

customers in the service territory)

Next, the study estimated the Annual NEI per home type and weighted by the percentage of
homes in Massachusetts each type represents.

Application of Results: Retrospectively and Prospectively

A copy of the complete study can be found in Appendix U, Study 25-21.
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Study 25-22: C&I1 Heat Pump NEIs (MA21X20-E-CIHPNELI)

Type of Study: Impact Evaluation
Evaluation Conducted by: DNV, NMR, Three?
Date Evaluation Completed: 10/31/2024

Study Objective and Summary of Results:

The main purpose of this study is to convert Non-Energy Impacts (NEIs) for Commercial and
Industrial (C&I) Heat Pump measures that the Massachusetts PAs incentivize through the C&I
Existing Building Retrofit and C&I New Buildings & Major Renovations initiatives from a
$/kWh value to a $/ton value. This conversion is meant to improve how the NEIs integrate
program accounting for these measures in the Benefit-Cost (BC) Models. A secondary purpose of
the study was to identify NEI values unique to C&I Heat Pump measures® with secondary
research and, if necessary primary research. The study was still ongoing as of the date of this
study summary.

Select key evaluation findings from the study are:

1. With the help of already established savings-per-ton values reported in the PA eTRM, the
study successfully converted the $/kWh NEI values currently used in the BC model to
$/ton for C&I heat pump measures.

2. Based on the literature review findings to date, there are limited heat pump-specific
studies and sources to draw on that highlight NEI value streams. Through conversations
with an expert panel, thermal comfort and indoor air quality were noted as potential areas
with NEI value streams, but it is still to be determined whether it is feasible to
differentiate these streams from more general HVAC-related NEIs. The study team has
honed the remainder of the literature effort to gain insight into heat pump impacts on K-
12 schools and their potential relationship to educational outcomes.

Core Initiatives or End Uses to which the Results of the Study Apply:

e (Commercial & Industrial
e HVAC

Evaluation Recommendations:

The following recommendations were made by the evaluators conducting this study.

8 C&I Heat Pump measures currently adopt a more general HVAC value for use in the BC model. PAs and
stakeholders wanted to better understand if there are heat pump-specific value streams.
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Recommendation 1: Adopt the total $/ton NEI values shown in Table 1 for use in the PA BC
model. The totals include the sum of operations and maintenance-related (O&M) NEIs, heath-
and safety-related (H&S) NEIs, and NEIs not related to either operations and maintenance or
health and safety (non-O&M, non-H&S NEIs).

Table 1. Recommended $/ton NEI values for C&I Heat Pump Measures

Measure Baseline Heat Pump Avg. O&M Non-O&M, H&S Total $/ton
Condition kWh/ N[SE non-H&S NEls NEI value
All HP* Electric Full & partial 1,932 $(5.80) $189.36 - $183.56
replacement
All HP* Fossil Full 1,061 $13.80 $25.47 $118.85 | $158.11
Fuel** replacement
All HP* Fossil Partial 557 $7.24 $13.37 $62.38 $82.99
Fuel** replacement

There are currently no recommendations from the secondary research, as it is still ongoing.

Explain Whether or Not the PAs Decided to Adopt the Recommendations from the Study:
The PAs plan to adopt the recommendations.
How the Study Affects Program Results and Its Significance:

This study provides $/ton versions of the C&I HP NEI values that the PAs currently use in the
BC model. The study yields insights into the viability of estimating additional NEI values unique
to C&I heat pump measures. At a future date the study may also yield NEI values for heat pump
impacts on K-12 schools and their potential relationship to educational outcomes.

Overview of Study Method:

The evaluation team reviewed all heat pump measures offered in the C&I programs through the
TRM and identified kWh/ton values reported for the various measures. The TRM offered values
for small and large air source heat pumps (ASHP), variable refrigerant flow (VRF) heat pumps,
and ground source heat pumps (GSHP). For all these, there were options for partial and full
displacement as well as the source energy replaced (gas, oil, propane, or electric).

Displacing electric resistance with a heat pump has positive kWh savings, but because displacing
fossil fuels with a more-efficient heat pump increases the electric demand and creates a rollback
in energy savings, some kWh/ton values can be negative. Because the team was looking for
values to aid conversion, the direction of savings was immaterial; thus, the evaluation used the
absolute values in conversion calculations. The evaluation team presented the PA evaluators and
BC model teams several possible aggregations of use cases to include in the BC model. The PAs
requested the three HP NEI categories shown below in Table 1 above.
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To convert the existing HVAC NEI values from $/kwh to $/ton, the evaluation team took the
straight average kWh/ton of the HP NEI category and multiplied this by the values of the three
NEI components (O&M NEIs, H&S NEIs, and non-O&M non-H&S NEIs). They summed the
three to produce the total $/ton NEI value for each HP NEI category.

Application of Results: Prospectively

A copy of the complete study can be found in Appendix U, Study 25-22.
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Study 25-23: Study MA23DR0O1-E-C&I: MA C&I Targeted and Daily Dispatch Summer

2023 Study

Type of Study: Impact Evaluation and Process Evaluation
Evaluation Conducted by: DNV

Date Evaluation Completed: 6/10/2024

Study Objective and Summary of Results:

The primary objectives of the evaluation are to independently assess program impacts for the 2023
summer season and to assess stakeholder satisfaction, barriers to implementation, and PA and
vendor success in program delivery. The process evaluation also studied the 5-year lock in period
for battery participants. Impact is measured as the average demand reduction during specified
events. The ratio of the evaluation-calculated impact and the PA-reported settlement impact is the
realization rate. The key findings from this study are as follows:

The PAs settlement methodology has been modified based on a consideration provided in the
previous ADR Initiative evaluation study. This change corrected a source of bias in reported results
and improved the realization rates for the curtailment offering.

The evaluators found that availability of interval data was highly variable across PAs. Availability
of interval data, and lack thereof is a significant barrier to the settlement process.

Battery storage participants who are aware of the incentive rate lock look upon it favorably since
it provides customers with certainty in their investment.

Participant satisfaction is high with the program overall, but incentive payment timelines continue
to be an area of concern. Curtailment Service Providers (CSPs) have challenges in integrating into
different DERMS platforms, leading to delays in the settlement process, exacerbating the issue
communicated by participants about waiting for extended periods to receive their incentives.

Core Initiatives to which the Results of the Study Apply:

Commercial & Industrial

C&l Active Demand Reduction
Electric Only

Battery Storage

Evaluation Recommendations:

Recommendation 1: Use the realization rates in Table 1 for the C&I targeted curtailment
participants, Table 2 for the C&I daily curtailment participants, and Table 3 for the battery storage
participants.

Table 1. C&I Targeted Curtailment Impact Summary
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National "
Eversource | CLC . Unitil
ReSHis GI\/rII,EI

Enrolled Enrolled Capacity 37.687 0.962 84.094 0.087
Reported Asymmetric 23.880 1.079 39.230 0.209

Settlement . .
MW Validated Asymmetric 24532 1.040 39.615 0.209
Impact Evaluated Symmetric 21.160 1.016 34.091 0.093

Evaluated Symmetric /

0, 0, 0 0
Reported Asymmetric 88.9% 94.0% 86.5% 73.5%

Realization Rate

Accounts 227.5 13.3 457.5 3.0

Table 2. C&l Daily Curtailment Impact Summary

Eversource National Unitil
Results Grid
MA MA MA

Enrolled Enrolled Capacity 20.450 16.050 0.100
Reported Asymmetric 11.217 8.518 0.123

Settlement ) i
MW Validated Asymmetric 11.204 8.460 0.123
Impact Evaluated Symmetric 9.176 6.579 0.123

Evaluated Symmetric /

0, 0, 0,
Reported Asymmetric 83.8% 77.9% 99.9%

Realization Rate

Accounts 86.8 77.9 1.0

Table 3. C&I Battery Storage Impact Summary

Targeted .
Batterv Storage Daily Battery Storage
Result Eversource C%?rﬁ)ealgtglcl; Eversource | National
MA P MA Grid MA

Enrolled Capacity 0.536 1.146 2.889 1.246
kw Reported Performance 0.380 0.311 2.698 1.071
Evaluated Performance 0.389 0.310 2.784 1.071

Retrospective
Realization EVENEIES PEAOEmss 102.3% 99.2% 103.2% 100.0%
/ Reported Performance

Rate
MWh Net Energy 9.846 12.342 105.072 176.557
Ratio Discharge / Charge 74.3% 90.7% 83.0% 64.5%

Accounts 4.3 3.0 8.0 2.3
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Recommendation 2: The evaluation team recommends that the PAs find actionable solutions to

their data challenges to ensure that interval data is provided in a usable format that is conducive to
timely and accurate impact calculations for the settlement process and impact evaluation.

Recommendation 3: The evaluation team recommends that Program Administrators continue the
battery storage incentive rate lock. As evidenced by the responses and quotes provided in Section
6.5, the previous timeline of a 5-year rate lock was looked upon favorably by PAs, CSPs, and the
Battery Storage Participants who had knowledge of the rate lock details. Three battery storage
participants stated they would like to see the rate lock period extend to a longer timeframe to help
them secure more certainty in their investments through the length of their contracts.

Recommendation 4: The evaluators recommend updating the ADR initiative materials to
accurately reflect the baseline used to determine daily dispatch performance for non-battery
storage projects.

Explain Whether or Not the PAs Decided to Adopt the Recommendations from the Study:

The PAs are considering all recommendations for adoption at this time. The PAs have not formally
adopted or rejected any recommendations that require changes to program design and operations.

How the Study Affects Program Results and Its Significance:

The results reduce overall reported impact by 12.5% for the C&I targeted curtailment offering and
19.3% for the C&I daily curtailment offering and increases the overall reported impact by 2.3%
for the targeted dispatch battery offerings, and 2.3% for the daily dispatch battery offerings.

Overview of Study Method:

For C&l targeted and daily curtailment participants, the impact evaluation was based on account-
level analysis of interval data of all available participants. First the reported results were validated.
After validation, the counterfactual (i.e., baseline behavior, or the hypothetical behavior of
customers absent the initiative) was characterized using different approaches including the
settlement approach used by the initiative and the evaluator-recommended baseline. For battery
participants, the evaluated impact was measured based on battery system-level charge and
discharge data.

Application of Results: Prospectively
A copy of the complete study can be found in Appendix U, Study 25-23.



