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Study

- Non-energy impacts (NEls) are effects of energy-efficiency programs beyond céeﬂ energy
- savings. They can be positive or negative and influence program cost effectiveness. This

- Massachusetts NEI Gaps and Updates J -

‘“ study reviewed how Massachusetts energ ciency programs use NEls and identlﬁéd — Group, Inc.

ways to improve the accuracy and consistency of their appllcatioh and )gulda future NEI
research planning.

Study Goals Approach

. . , _ Reviewed existing NEI studies, tools, and
Identify gaps, inconsistencies, values

and outdated NEs Consulted with benefit cost ratio modelers @

Created a complete inventory of current NEIs
Update NEI values where

needed Identified gaps, inconsistencies, and
outdated NEI values

Prioritize future NEI research Reviewed recent NEI literature

needs Developed a framework to guide the
prioritization of future NEI research

Key Findings
« Some NElIs are outdated, inaccurate, or

« Most NEI values align with original no longer applicable

studies « Source documentation is incomplete

« NEIls are not inflation adjusted, creating or inconsistent for some NEIs

inconsistency with energy impacts « NEI coverage is strong for most
initiatives, but weaker for Residential
i New Construction
Recommendations
« More than 30 recent research
“ lnﬂ(aiuon ad]ust NEl Va|ueS from paSt sources cou'd suppon NE' updates
studies

» Inflation adjust incremental cost values

only when they are not alread dated . .
e|slwﬁe,e J e Considerations

Remove price hedging and rate discount 1 Use prioritization framework to
NEIs from BCR models guide future NEI research

» Update or flag NEIs without clear sources

» Apply updated NEI values identified in this
study

2 Update the prioritization
framework as programs evolve




Impact Value Changes for Program Administrators
This section presents all quantitative values resulting from the study that inform changes to the
eTRM, BC Model, or similar tools and records. The Team presents the study’s recommended
updated values in the following three tables.

Table 1: Updated Annual Residential Heat Pump NEI Values by Heat Pump Type
and Application

Average
NEI Value NEI Value Total NEI Installed Total NEI
Heat Pump Type and . . o
... for Heating for Cooling Value per Capacity (in Value per
Application
per Measure per Measure Measure tons) per Ton
Measure?
Mini-Split HP
Integrated Controls $112.43 $260.68 $373.10 N/A N/A
Retrofit Oil
Mini-Split HP
Integrated Controls $112.43 $260.68 $373.10 N/A N/A

Retrofit, Propane

Central Ducted HP
Partially Displacing $93.69 $148.95 $242.64 3.7 $65.58
Existing Furnace, Oil

Central Ducted HP
Partially Displacing
Existing Furnace,
Propane

Central Ducted HP
Fully Displacing $187.75 $148.95 $336.70 4.7 $71.64
Existing Furnace, Oil

Central Ducted HP
Fully Displacing
Existing Furnace,
Propane

Mini-Split HP with
Integrated Controls
Partially Displacing
Existing Boiler, Oil

Mini-Split HP with

Integrated Controls

Partially Displacing $112.43 $260.68 $373.10 2.8 $133.25
Existing Boiler,

Propane

$93.69 $148.95 $242.64 3.7 $65.58

$187.75 $148.95 $336.70 4.7 $71.64

$112.43 $260.68 $373.10 2.8 $133.25
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Average
NEI Value NEI Value Total NEI Installed Total NEI
for Heating for Cooling Value per Capacity (in Value per
per Measure per Measure Measure tons) per Ton
Measure?

Heat Pump Type and

Application

Mini-Split HP with
Integrated Controls
Fully Displacing
Existing Boiler, Oil

Mini-Split HP with

Integrated Controls

Fully Displacing $187.39 $260.68 $448.07 3.9 $114.89
Existing Boiler,

Propane

Mini-Split HP Fully
Displacing Electric $187.40 $260.69 $448.09 2.0 $224.04
Resistance

$187.39 $260.68 $448.07 3.9 $114.89

Custom Heat Pumps,
Displacing Electric $187.40 $260.69 $448.09 1.0 $448.09
Heat (Multifamily)

Air-to-Water Heat
Pump Displacing Oil $187.39 $0 $187.39 4.0 $46.85
Heat

Air-to-Water Heat
Pump Displacing $187.39 $0 $187.39 4.0 $46.85
Propane Heat

Closed Loop GSHP

Displacing Oil Heat $187.75 $109.19 $296.94 4.0 $74.24
Closed Loop GSHP

Displacing Propane $187.75 $109.19 $296.94 4.0 $74.24
Heat

Open Loop GSHP $187.75 $109.19 $296.94 4.0 $74.24
Displacing Oil Heat

Open Loop GSHP

replacing Propane $187.75 $109.19 $296.94 4.0 $74.24
Heat

MSHP Integrated

Controls Retrofit, Gas $112.43 $260.68 $373.10 N/A N/A
Central Ducted Heat

Pump Partially $93.69 $148.95 $242.64 3.7 $65.58

Displacing Existing
Furnace, Gas
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Average
NEI Value NEI Value Total NEI Installed Total NEI
for Heating for Cooling Value per Capacity (in Value per
per Measure per Measure Measure tons) per Ton
Measure?

Heat Pump Type and

Application

Central Ducted Heat
Pump Fully Displacing $201.89 $148.95 $350.84 4.7 $74.65
Existing Furnace, Gas

MSHP with Integrated
Controls Partially

) ) . $112.43 $260.68 $373.10 2.8 $133.25
Displacing Existing
Boiler, Gas
MSHP Fully Displacing 447 39 $260.68 $448.07 3.9 $114.89

Existing Boiler, Gas

Air-to-Water Heat
Pump Displacing $187.39 $0 $187.39 4.0 $46.85
Existing Boiler, Gas

Closed Loop GSHP

Replacing Furnace, $201.89 $109.19 $311.08 4.0 $77.77
Gas

Open Loop GSHP

Replacing Furnace, $201.89 $109.19 $311.08 4.0 $77.77
Gas

Table 2: Updated RNC Asthma NEI Values Associated with Lower Rates of Gas
Stoves in Regular and All-Electric RNC Homes

Original Updated
NEI Original NEI Value Updated NEI Value
NEI Catedo NEI Value - All- NEI Value - All-
NEIID Description BgRry —RNC  Electric = —-RNC Electric
- Detailed Model Homes RNC Homes RNC
($/year) Homes ($/year) Homes
($/year) ($/year)
Childhood
Elec & NEI 03  asthma Health $0.65 $8.00 $0.25 $3.04
Gas prevention Benefits
Adult
Elec & NEI 03  asthma Health $0.42 $5.13 $4.12  $51.45
Gas symptom Benefits
reduction
Childhood
Elec & asthma Health
Goe NELO3  symptom  penefits $2.21 $27.36 $3.98  $49.77
reduction
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Original Updated
NEI Original NEI Value Updated NEI Value
NEI Category NEI Value - All- NEI Value — All-
NEIID Description -BCR —RNC Electric — RNC Electric
- Detailed Model Homes RNC Homes RNC
($/year) Homes ($/year) Homes
($/year) ($/year)
Ce0®  NEILO3 el ot $328  $40.49 $8.35  $104.26
benefits

Table 3: Other Updated Annual NEI Values

Original
NEI ID N.EI. NEI NEI Updated NEI
(BCR Description - (0F:1(-Te L] oA Value Value ($/year)
Model) BCR Model BCR Model y
($/year)
IE SF Heating , Value transposed
Elec & \El 35 System Equipment with Home $9.72 $27.43
Gas , Maintenance -
Retrofit Durability
Elec & IE SF Heating Home Value transposed
Gas NEI_35 System Durability with Equipment $27.43 $9.72
Retrofit Maintenance

The BCR is using
the safety value
from an interim

Elec  NEI 55 IE MF Freezer 'ms'c;rf‘:sd report for TXC 50, $0.19 $0.00
The final report did
not produce a
freezer-specific NEI
The BCR is using
the safety value
IE MF Improved from an interim
Elec A Refrigerator Safety report for TXC 50. LR VLT
Final value was $0
for refrigerators
$296.94/unit or
Residential - The BCR is using $74.24/ton
GSHP the value from the (GSHP
Elec  NEI_152 displacement - interim report of $99.74 displacing oil
Open Loop MA21X21. or propane);
$311.08/unit or
$79.01/ton
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NEI
Description -

BCR Model

Original
NEI Updated NEI
Value Value ($/year)

($/year)

NEI
Category -
BCR Model

The BCR is using
the value from the
interim report of
MA21X21. Remove
individual NEls

Residential .
home durability,
thermal comfort,
health benefits) as
the overall NEl is a
composite NEI
Update to values
; ; from MA21X21; the
Residential ' .
Elec  NEI 25  Retail Heat BCR was using gg.11  S242.64/unitor
Pum outdated values $65.58/ton
p
based on 2011 NEI
Report
Update to values
Residential from MA21X21;
Retail Mini The BCR was using $373.10/unit or
Elec  NEL25S ot Heat outdated values 21 $133.25/t0n
Pump based on 2011 NEI
Report
cal - Likely a case of the
Elec  NEI_114  Prescriptive ogm ~ negatvesinbeng -$0.001
Refrigeration inadvertently :
omitted
C&l New Measure is using
Pre:\c/;l\rgwe generic NEI for
Elec  NEI_136 Controls (inc. 0&M Hvéﬁ Whe”INE' for -$0.003 0.013
EMS & Hotel Stk 20 '
Occ.) more suitable for
this measure
This is a retrofit
measure and
should be using the
C&l - NEI for the retrofit
Gas  NEI_141  Ductwork - O&M ) -$0.082 -$0.099
Retrofit scenario, not the :
early replacement
NEI it's currently
using
NMR = Three® UNIVERSITY OF MICHIGAN
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Original
NEI Updated NEI
Value Value ($/year)

($/year)

NEI
Category -

BCR Model

NEI ID NEI
(BCR Description -
Model) BCR Model
C&l - New
Bldg - Custom
Gas NEI_131  _ commercial
Kitchen, Gas
-
NMR DNV Thl"{ZSZJ

Group, Inc

The BCR model
has no NEI value
H&S despite existence of $0

valid NEI value

$1.18
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Executive Summary

The Massachusetts Program Administrators (PAs) have developed a detailed set of non-energy
impacts (NEIs) based on many years of research. An NEI is any additional effect beyond direct
energy savings that an energy-efficiency project or program causes. The effect can be positive or
negative. This study:

Reviewed the NEls that PA programs currently use to identify gaps, inconsistencies, and
outdated information.

Determined necessary updates.

Created a framework for prioritizing future NEI research in Massachusetts.

This report was prepared for the Massachusetts PAs and the Energy Efficiency Advisory Council
(EEAC) consultants as part of the Cross-Cutting NEIs evaluation topic area. NMR Group, Inc.,
led the work, with DNV, Three®, and the University of Michigan as subcontractors. This report
refers to these organizations together as “the Team.”

APPROACH

The Team carried out the following steps as part of this evaluation:

Reviewed existing Massachusetts NEI research, tools, values, and information about NEI
gaps the PAs have already compiled.

Met with PA benefit-cost ratio (BCR) modelers to understand how PAs apply NEls and to
identify known issues or data gaps.

Created an inventory of NEIs the PAs currently apply.
Documented inconsistencies and gaps in the existing NEls.
Updated outdated or incorrect NEI values.

Reviewed new research published after the original studies that produced the current
NEls.

Assessed and prioritized future NEI research needs.

KEY FINDINGS

Most NEI values in the PAs’ BCR models match those of the original studies. However, the Team
found several areas where improvements are needed:

NVIR

The BCR models do not adjust NEI values from past studies for inflation. As a result, the
static treatment of NEls creates an inconsistency in how BCR models handle energy
versus non-energy impacts. Similarly, the models do not apply inflation adjustments to
cost values for measures that use incremental costs from an evaluation study.

.
— Three? UNIVERSITY OF MICHIGAN
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o Some NEls are outdated (i.e., new data is available), inaccurate (based on incorrect or
outdated sources), or no longer applicable (either they no longer apply or are captured
elsewhere). For example, the price hedging NEI is better treated as an energy impact.
Rate discounts are essentially transfer payments between customers paying retail rates
and those receiving discounted rates, and low-income energy-efficiency programs reduce
these transfers. The resulting reductions are not typically included in the Total Resource
Cost test because they do not reduce the utility’s cost of service or provide direct benefits
to energy-efficiency program participants.

e Although many NEI values in the BCR model workbooks include source information, it is
not consistently recorded or updated.

e Most core initiatives in the PAs’ portfolio have strong NEI coverage, based on the number
of measures with NEIs or the share of initiative savings linked to NEls. However, some
initiatives, such as Residential New Construction, have relatively low coverage.

e The Team identified more than 30 journal articles and other research sources that
evaluators could use to update data in current NEI algorithms.

e The Team developed a prioritization matrix, which includes a total of nine prioritization
factors, to assess and prioritize NEI research needs. Each of the factors is operationalized
using a five-point scale, and a higher score on the five-point scale indicates stronger
rationale for pursuing additional NEI research. The Team developed a prioritization score
for each measure group or core-initiative by calculating a weighted sum of its scores
across all factors.

o A demonstration run of the prioritization matrix identified four residential and low-income
measure groups or core initiatives as high priorities for future NEI research (residential
new construction, residential heat pumps, residential induction stoves, and low-income
single-family home weatherization). The Team notes that prioritization scores may change
if the PAs add new measures and technologies not considered in this scoring, if new
literature becomes available, or if the scoring of any of the other factors change. More
importantly, the prioritization matrix should be viewed as a planning tool that is used in
conjunction with consideration of all relevant issues rather than a mechanism used to
determine prioritization decisions.

RECOMMENDATIONS

Based on the study findings, the Team developed the following recommendations:

1. The PAs should adjust the NEI values from the year used in the original study to the BCR
model year using the same GDP deflator values applied in the AESC study’ to ensure
consistency in how energy and non-energy impacts are treated within the BCR models.

' Energy Economics and Sustainable Energy Advantage (June 2024). Avoided Energy Supply Components in New
England: 2024 Report. Table 166. Retrieved from https://www.synapse-energy.com/aesc-2024-materials
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2. For further consistency, the cost values for measures that rely on incremental costs from
an evaluation study should also be inflation-adjusted, so all benefits and costs in the BCR
model are expressed in a common year. Inflation adjustments for incremental costs should
be applied only when those costs have not already been updated outside the study, such
as through other data collection efforts, to avoid double adjustment.

3. The price hedging and rate discount NEls are no longer applicable and should be dropped
from the BCR models. The price hedging NEI is better treated as an energy impact. Rate
discounts function as transfer payments that low-income energy-efficiency programs help
reduce. The resulting reductions in rate subsidies are better captured in the Ratepayer
Impact Test, which evaluates how energy-efficiency programs affect customer rates.

4. The PAs and their BCR modelers should review the list of NEIs provided in Section 3.3
for which the Team could not identify a clear source or accurate value and update the
BCR model as needed, including flagging any NEI values that still lack a clear source for
further evaluation or removal. The PAs should update their BCR model workbooks to
ensure that all NEI values in the models have accurate source information.

5. The PAs should use the updated values recommended by the Team for the NEls listed in
Section 4.

CONSIDERATIONS

The Team also developed several considerations for the PAs, including:

1. The PAs should consider the prioritization results presented in Section 5 to guide
decisions on future NEI research studies.

2. The PAs should treat the prioritization matrix as a living tool and update it as their
programs, needs, and priorities change.

3. With some PA initiatives now classified as market transformation initiatives, impact
accounting may need to evolve. Historically, the PAs could only claim NEIs that accrue to
participants and buildings directly treated through their programs (“participant NEIs”).
Because market transformation initiatives influence nonparticipants, if the Department of
Public Utilities (DPU) directs that market transformation initiatives be valued at the overall
market level in future three-year plans, the PAs should consider how to adapt the current
participant-focused NEI framework and how that adaptation may shape future NEI
research priorities.

NMR —— Three? UNIVERSITY OF MICHIGAN




Section 1 Introduction

The primary goals of this study were to assess and identify gaps, inconsistencies, and outdated
values in the non-energy impacts (NEIs) currently applied to the Massachusetts Program
Administrator (PA) programs; determine necessary updates; and develop a framework to prioritize
future NEI research needs in Massachusetts.

This report was prepared for the Massachusetts PAs and the Energy Efficiency Advisory Council
(EEAC) consultants under the Cross-Cutting NEIs evaluation contract, for which NMR is the prime
contractor and DNV, Three®, and the University of Michigan are subcontractors. (These
organizations are collectively referred to as “the Team” throughout this document.)

1.1 BACKGROUND

The Massachusetts PAs have built an extensive set of granular NEls through several years of
rigorous research, covering a broad set of measures and measure groups across the residential,
commercial and industrial (C&l), and low-income programs and initiatives. This study took stock
of the NEls, performing a gap analysis for existing NEIs across the PAs’ portfolio of residential
and C&l programs. The study cataloged NEI values that require updating and measures that
currently have $0 NEI values due to lack of research, data, or resources.? The Team also worked
with the PAs and EEAC advisors to assess NEI research needs for new measures in the 2025—
2027 plans.

The study serves as an update to the NEI Framework Study?, TXC29—Market-Rate Multifamily
NEI memo*, and TXC57° (the NEI Reference table that the NMR team completed in 2018),
informing future NEI research in Massachusetts.

1.2 APPROACH

In 2024, the PAs’ evaluation staff initiated an effort to take stock of the NEI research completed
over the years to identify gaps, inconsistencies, and outdated NEI| values. The Team coordinated
with the PAs and used the information they had compiled and any gaps and inconsistencies they
already identified as a starting point for this study. The Team also arranged a meeting with the
PAs’ BCR modeling staff to develop a solid understanding of how (and where in the BCR
spreadsheets) the NEls are applied and any known issues, gaps and inconsistencies.

2 Some NEI values, such as those for commercial building envelopes, have been determined through research to be
zero and do not require updates.

3 NMR Group, Inc., DNV, Tetra Tech (January 23, 2018). Non-Energy Impact Framework Study. MA Energy
Efficiency Council. Retrieved from https://ma-eeac.org/wp-content/uploads/NEI-Framework-Study-Report.pdf

4 NMR Group, Inc., DNV, Tetra Tech (March 30, 2018). Market-Rate Multifamily NEI — Phase | Final Memo. MA
Energy Efficiency Council. Retrieved from https://ma-eeac.org/wp-content/uploads/TXC29-MA-MR-MF-NEI-Phase-I-
memo-FINAL-033018.pdf

5 NMR Group, Inc., DNV, Tetra Tech (October 19, 2018). NEI Reference Table. MA Energy Efficiency Council.
Retrieved from https://ma-eeac.org/wp-content/uploads/TXC57 NEI-Reference-Table-Memo_ 190CT2018.pdf
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The Team reviewed, assessed, and leveraged existing NEI research and tools in Massachusetts
to complete the following activities.

¢ Inventory the NEIs claimed by the PAs, as well as those with $0 researched values
regardless of when that determination was made,

o Document measures and programs for which there are gaps and inconsistencies in the
NEls and any notable patterns in those gaps,

o Identify NEI values that require updating, and

o Assess and prioritize future NEI research needs and options.

NMR —— Three? UNIVERSITY OF MICHIGAN




Section 2 Methodology

The study activities were conducted in three main tasks. This section details the methodology for
each task.

2.1 ASSESS AND IDENTIFY NEl GAPS AND INCONSISTENCIES

In Task 1, the Team cataloged the residential and C&l NEI values derived from existing
Massachusetts research and used in the PAs’ 2024 Benefit-Cost Ratio (BCR) models. ¢ The
Team created a matrix that verified the reported NEI values, documented their sources and dates
(if available), and linked each NEI to its corresponding measure, program or initiative, and sector
(residential, low-income, or C&l). The Team also identified potential inconsistencies in the NEls
used in the BCR models. To support this analysis, the Team met with several PA BCR modelers
on March 13, 2025, to gain insights into how NEIs are applied in the models and to review known
issues, gaps, and inconsistencies.

As a starting point, the Team leveraged work already completed by the PAs’ evaluation staff,
including a workbook with a draft catalogue of residential NEls and an initial list of definitional
issues, inconsistencies, and missing NEI sources in the BCR models that they identified. Building
upon that work, we completed the identification of inconsistencies in NEI definitions and
applications across similar measures or programs and clarified NEI definitions where needed. We
also highlighted NEls with outstanding issues and/ or those requiring updates and cataloged NEls
with $0 values, distinguishing between those that were researched and those not yet addressed
in NEI studies, and also documented the sources for the NEI values.

In a related analysis, the Team used the 2025-2027 BCR models to estimate the share of energy
savings attributed to each measure or measure group and its contribution to total program or
portfolio savings, as this was an important factor for prioritizing future NEI research. We also
assessed and documented the share of the PAs’ residential and C&I portfolios not covered by
existing Massachusetts NEI research, identifying programs and measure groups that represent
gaps.

The Team documented the findings from this task in a memo and a supporting workbook. A final
version of the workbook will be delivered to the PAs along with this report.

2.2 IDENTIFY NEI VAUES THAT REQUIRE UPDATES

In Task 2, the Team carried out additional research to provide a more in-depth assessment of the
issues identified in Task 1. As part of this effort, the Team reviewed the algorithms and input data
from the source studies that underpin the NEI values used in the PAs’ 2025-2027 planning
Benefit-Cost Ratio (BCR) models. For each source study, the Team prepared an internal memo

6 The Team also compared the NEI values from the 2024 BCR models to the 2025-2027 planning BCR models and
noted differences in the NEI Inventory spreadsheet.
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to support reviews by the Team’s NEI subject matter experts, Carina Gronlund of the University
of Michigan and Bruce Tonn of Three®.

These expert reviews evaluated the methodological soundness of the algorithms and examined
whether new research has emerged since the original studies were published. Based on their
assessments, the experts provided recommendations on whether updates are warranted and
suggested directions for future research.

Drawing on this analysis, the Team identified which NEI values to update, provided revised values
where updates could be made without new research, and outlined areas where additional
research is needed to inform future updates.

The Team documented the findings from this task in a memo. In Section 3 and Section 4 of this
report, the Team provides a synthesis of the findings from the research completed under Tasks
1 and 2.

2.3 ASSESS AND PRIORITIZE FUTURE NEI RESEARCH

In this task, the Team assessed and prioritized future NEI research needs identified through
analyses completed in the earlier tasks. The Team collaborated with the PAs and EEAC advisors
to develop prioritization factors, assign weights to each factor, and operationalize them for
prioritizing future NEI research in Massachusetts.

The final prioritization factors included:

1. NEI coverage in terms of savings, which is the percentage of an initiative’s savings that
comes from measures with NEls.

2. Electric Portfolio Savings Contribution, which is the share of an initiative’s savings within
the PAs’ electric portfolio adjusted gross lifetime savings.

3. Gas Portfolio Savings Contribution, which is the share of an initiative’s savings within the
PAs’ gas portfolio adjusted gross lifetime savings.

4. Importance to Program or Initiative Cost-Effectiveness (i.e., BCR scores without NEIs).

5. How impactful existing NEIs are on BCR scores (i.e., the difference of a program or
initiative’s BCR score with NElIs included and without NEIs).

6. Recency of the pertinent Massachusetts NEI study.

7. Further research suggested by the pertinent Massachusetts study (i.e., did the study
mention further research or included further research as a consideration or
recommendation).

8. Existing NEIs: New secondary research that has become available (i.e., five-question
battery about new secondary research).

9. Potential New NEIs: New secondary research that has become available (i.e., five-
question battery about new secondary research).

The Team assessed the first five factors at the core initiative level. The remaining four were
assessed at the measure or measure group level. The Team assigned relative weights to the
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factors and calculated a weighted average score at the core initiative and measure group level.

These weighted scores were then used to categorize future NEI research priorities as high,
medium, or low.

Section 5 provides additional details on the prioritization factors and criteria and presents the
findings.
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Section 3 Identified NElI Gaps and Update Needs

Overall, the Team found that most NEls in the BCR models are consistent with the values reported
in the underlying studies. However, the Team also identified several discrepancies, gaps, and
areas that need updating. In this section, we discuss the findings and how to address these
issues.

3.1 NomINAL NEI VALUES SHouLD BE ADJUSTED FOR INFLATION

Our review of the BCR models found that they incorporate nominal NEI values directly from their
source studies without adjusting for inflation. In contrast, the avoided energy costs derived from
the AESC study’ are inflation-adjusted to ensure that all dollar values reflect constant dollars for
the BCR model year. This results in an inconsistency in the treatment of energy impacts and NEls
within the models. More importantly, it risks undercounting the true value of NEls. The older the
original study, the more the purchasing power of nominal dollars has eroded over time.

To improve consistency and accuracy within the BCR models, the Team recommends that
nominal NEI values be adjusted for inflation, particularly those related to avoided medical
expenses and other cost categories that typically rise in cost at least as fast as inflation, as well
as those based on the value of a statistical life (VSL). Adjusting NEI values from their original
study years to the BCR model year, using the same GDP deflator values applied in the
AESC study,® would ensure uniformity across all monetary values in the model.®

While this inflation adjustment resolves the inconsistency in how energy and non-energy benefits
are treated in the BCR model, it is also important to apply a similar adjustment on the cost side.
The Team understands that the incremental costs for some measures are updated in real-time
from project-specific tracking data; for these measures, incremental costs are inherently inflation-
adjusted. However, for other measures assigned incremental costs based on an evaluation,
measurement, and verification (EM&V) study, no inflation adjustment is applied to costs. To
ensure consistency, it would be appropriate to inflation-adjust such deemed cost
estimates so that all benefits and costs in the BCR model are expressed in a common year.
Inflation adjustments for incremental costs should be applied only when those costs have not
already been updated outside the study, such as through other data collection efforts, to avoid
double adjustment.

7 Energy Economics and Sustainable Energy Advantage (June 2024). Avoided Energy Supply Components in New
England: 2024 Report. Table 166. Retrieved from https://www.synapse-energy.com/aesc-2024-materials

8 Ibid.

9 It is important to note that NEI studies often report values in constant dollars for a year that predates the publication
year of the study. This is typically due to data availability constraints or the analysis being conducted in an earlier
year than the report was written. For example, a study published in 2023 may present NEI values in constant 2022
dollars rather than 2023 dollars. In such cases, it is more accurate to use the analysis year—rather than the report
year—when applying inflation adjustments. Using the report year instead would result in more conservative (i.e.,
lower) inflation-adjusted NEI values, since the analysis is always conducted before the report is finalized.
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3.2 NEIs THAT SHOULD BE DISCONTINUED
We identified two NEls that are no longer applicable and should be dropped from the BCR models.

3.2.1 Price Hedging

The Price Hedging NEI reflects the financial benefit of reducing exposure to future energy price
volatility—particularly for fossil fuel-based energy sources. This NEI captures the value of
mitigating the risks associated with unpredictable and potentially rising energy prices.

Currently, the Massachusetts BCR models apply a price hedging value derived from a 2012
memo, based on a Lawrence Berkeley National Laboratory (LBNL) study. That study estimated
the hedging value provided by wind power, specifically its role in protecting against fluctuations in
natural gas prices.

The AESC study'® uses a comprehensive approach to avoided energy costs, incorporating not
only the direct cost of supply but also components such as price hedging and Demand Reduction
Induced Price Effects (DRIPE). DRIPE refers to the reduction in wholesale market prices for
capacity and energy that results from reduced demand due to energy-efficiency and other
demand-side programs. The AESC study’s natural gas and electric avoided cost forecasts
incorporate risk and uncertainty through probabilistic modeling. The forward price curves include
a market-based risk adjustment that reflects the premium associated with hedging against future
price volatility.

The Team reviewed the relevant cost components and methodology in the most recent AESC
study and concluded that the price hedging value of energy efficiency is likely already fully
embedded within the avoided energy cost estimates. Therefore, continuing to include a separate
price hedging NEI in the BCR models may lead to double counting of this benefit. Moreover, the
price hedging effect of energy efficiency is more appropriately considered an energy impact rather
than a non-energy impact.

Based on this assessment, the Team recommends that the PAs discontinue the use of a
price hedging NEI in the BCR models.

3.2.2 Rate Discounts

Rate discounts for low-income customers in Massachusetts are funded through cross-
subsidization by other ratepayers, so they operate as transfer payments between customers
paying retail rates and customers receiving discounted rates. When energy-efficiency programs
lower consumption among low-income customers, less energy is sold at the discounted rate,
which reduces the size of this transfer payment. The current Massachusetts BCR models capture
this effect through a rate discount NEI, calculated as the energy savings of eligible low-income
participants multiplied by the rate differential between the standard residential rate and the
discounted rate.

10 Synapse Energy Economics and Sustainable Energy Advantage (June 2024). Avoided Energy Supply Components
in New England: 2024 Report. Retrieved from https://www.synapse-energy.com/aesc-2024-materials
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From a societal cost-effectiveness perspective—as assessed under the Massachusetts-modified
Total Resource Cost (MA TRC) test—only impacts that reflect changes in real economic costs or
resource utilization should be included. The avoided provision of discounted energy does not
reduce utility system costs or improve resource utilization." The financial impact of reduced rate
discount obligations may still matter in contexts that assess how costs and benefits shift across
customer groups. These include distributional equity assessments and the Ratepayer Impact
Measure (RIM) test. The RIM test is specifically structured to evaluate how energy-efficiency
programs influence customer rates by examining changes in utility revenue requirements per unit
of energy sold. It is the only cost-effectiveness test that treats lost revenues from reduced sales
as a cost. In this framework, a reduction in discounted energy sales from low-income programs
lowers the utility’s lost revenues, which in turn benefits non-participating ratepayers.

In addition, the Department of Public Utilities (DPU) has determined that only NEls that accrue to
program participants can be included in the MA TRC test.'? Because the benefits of the reduced
rate discount obligations accrue to non-participants, they do not fit the DPU’s NEI criteria under
current regulations.

Accordingly, the Team recommends discontinuing the use of the rate discount NEl in BCR
model runs supporting the MA TRC test.

3.3 NEIs wiTH MISSING/UNCLEAR SOURCE DATA

In Task 1 and 2, the Team identified several NEI values in the BCR models that have missing or
unclear data sources. The information is presented in three tables, organized by issue. Table 4
lists NEls and values for which the Team could not verify the source and/or value. Table 5 lists
NEIls that require confirmation as to whether market-rate values or low-income values apply to
the identified moderate-income NEI (the NEI values currently in the BCR model are the market-
rate NEI values).™ Table 6 lists NEIs that require confirmation of whether the NEI is still
applicable. The PAs and their BCR modelers should review the information in these three
tables, make the necessary updates to the BCR model, and flag any NEls for which a clear
source or accurate value cannot be identified for further evaluation or removal.

" Rate discounts and low-income energy-efficiency programs both improve energy affordability for low-income
households. However, energy-efficiency programs may achieve this at a lower economic cost to all ratepayers than
rate discounts. The resulting gain in economic efficiency, or reduction in economic deadweight loss, could be viewed
as the true non-energy impact. This effect is difficult to quantify and, by definition, is smaller than the reduction in the
subsidy amount that is currently counted as the NEI.

2 Page 105 of the DPU Order approving the 2013-2015 Three-Year Efficiency Plans: “As stated above, the TRC test
includes only those benefits and costs that are associated with the energy system and program participants; non-
energy impacts are appropriately included as a program benefit if they accrue specifically to participants. Guidelines §
3.4.3"

https://ma-eeac.org/wp-content/uploads/2013-2015-Three-Year-Efficiency-Plans-Order-1-31-1311.pdf

13 In 2024, there was a policy decision to apply the low-income NEI factors to moderate income measures. It is likely
that these updates were missed in the BCR model for the identified moderate-income NEIs.
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Table 4: NEls Requiring Source and/or Value Verification
NEI ID (BCR

Model)

NEI Description - BCR
Model

NEI Category -
BCR Model

BCR Model Value
(Annual per Unit)

Elec
Elec
Elec

Elec

Elec
Elec
Elec
Elec

Elec

Elec

Elec

Elec

Elec
Elec
Elec

Elec

Elec

Elec

Elec

Elec

Elec

Elec

Elec

NEI_14

NEI_14
NEI_14

NEI_14

NEI_14
NEI_67
NEI_67
NEI_67

NEI_67

NEI_67

NEI_21

NEI_68

NEI_16
NEI_16
NEI_16
NEI_16

NEI_16

NEI_151

NEI_129

NEI_129

NEI_129

NEI_129

NEI_129

NVIR

-
= Threg?

Residential Furnace
Residential Furnace
Residential Furnace

Residential Furnace

Residential Furnace
Residential Boiler
Residential Boiler
Residential Boiler

Residential Boiler

Residential Boiler

Residential MF Common-
Area Lighting

Residential Retail Duct
Sealing

Residential Combo Boiler
Residential Combo Boiler
Residential Combo Boiler

Residential Combo Boiler

Residential Combo Boiler

IE - Deep Energy Retrofit
- EE Savings

Residential - Moderate
Income CAC/HP

Residential - Moderate
Income CAC/HP

Residential - Moderate
Income CAC/HP

Residential - Moderate
Income CAC/HP

Residential - Moderate
Income CAC/HP

UNIVERSITY OF MICHIGAN

[Total]**
Thermal Comfort
Home Durability

Equipment
Maintenance
Health Benefits

[Total]**
Thermal Comfort
Home Durability

Equipment
Maintenance
Health Benefits

O&M

[Total]**
Thermal Comfort
Home Durability

Equipment
Maintenance
Health Benefits

[Total]**
Thermal Comfort
Home Durability
Equipment

Maintenance
Health Benefits

$99.74
$36.35
$11.53
$50.69

$1.17
$96.40
$35.77
$11.25
$48.23

$1.15
$26.00

$0.23

$96.40
$35.77
$11.25
$48.23

$1.15

$1,608.12*

$15.96

$3.92

$1.54

$7.54

$0.13
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Fuel NEIID (BCR NEI Description - BCR NEI Category - BCR Model Value
Model) Model BCR Model (Annual per Unit)
Elec NEI_129 Residential - Moderate Noise Reduction $2.83
Income CAC/HP
Elec NEI_101 C&l New Prescriptive O&M $0.042
Compressed Air
Elec NEI_101 C&l New Prescriptive Non-O&M, non-H&S $0.001
Compressed Air
Elec NEI_110 C&l - Custom Lighting O&M $0.055
Elec NEI_111 C&l - Prescriptive O&M $0.023
Lighting
Elec NEI_120 C&l - Custom Hot Water O&M -$0.027
& Other
Elec NEI_121 C&l - Foodservice O&M $0.004
Elec NEI_124 C&l Retrofit Prescriptive Oo&M $0.005
Compressed Air
Elec NEI_134 C&l Retrofit O&M $0.004

Showerheads & Building
Operator Training

Elec NEI_135 C&l Retrofit Thermostat O&M $0.078

Gas NEI_118 C&l - New Bldg - non-O&M, non-H&S $0.24
Prescriptive - HVAC/Heat
Recovery, Gas

Gas NEI_119 C&l - New Bldg - non-O&M, non-H&S $0.05
Prescriptive - Other Gas
Heating, Gas
Gas NEI_120 C&l - New Bldg - non-O&M, non-H&S -$0.08
Prescriptive - Boilers,
Gas
Gas NEI_121 C&l - New Bldg - O&M $3.399
Prescriptive - Commercial
Kitchen, Gas
Gas NEI_131 C&l - New Bldg - Custom O&M $3.399
- Commercial Kitchen,
Gas NEI_122 C&l - Existing - non-O&M, non-H&S $1.35
Prescriptive - HVAC, Gas
Gas NEI_123 Ca&l - Existing - non-O&M, non-H&S $3.62

Prescriptive - Building
Envelope, Gas
Gas NEI_147 C&l - Custom O&M $3.399
Foodservice

* The BCR notes that NEI_151 is the sum of NEI_45 NEI & NEI_48, which are IE-MF NEls. The PAs should confirm
whether Deep Energy Retrofits are considered |IE-MF measures/buildings or if an IE-SF NEI should apply instead. or if
an IE-SF NEI should apply instead

** For some NEI IDs that include multiple individual NEI Categories, such as NEI_14 and NEI_67, the BCR model
includes an unlabeled ‘Total” value. The Team has added “[Total]” to the table to clarify.
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Table 5: Moderate-Income NEIs Requiring Confirmation of Applicable Value

Fuel NEI ID (BCR NEI Description - BCR Model NEI Category - BCR Model
Model) BCR Model Value (Annual
per Unit)

Elec NEI_128 Residential - Moderate Income [Total]** $170.01
Boiler/Furnace

Elec NEI_128 Residential - Moderate Income Thermal Comfort $48.63
Boiler/Furnace

Elec NEI_128 Residential - Moderate Income Home Durability $17.42
Boiler/Furnace

Elec NEI_128 Residential - Moderate Income Equipment $102.40
Boiler/Furnace Maintenance

Elec NEI_128 Residential - Moderate Income Health Benefits $1.56

Boiler/Furnace

** For some NEI IDs that include multiple individual NEI Categories, such as NEI_128, the BCR model includes an
unlabeled ‘Total” value. The Team has added “[Total]” to the table to clarify.

Table 6: NEIs Requiring Confirmation of Continued Applicability

Fuel NEI ID (BCR NEI Description - NEI Category - BCR Model BCR Model Value
Model) BCR Model (Annual per Unit)

$56.00 (One time
per Unit)*

Elec NEI_31 IE SF Participant Lighting Quality and Lifetime

* NEl is applied as a one-time value over the lifetime of the measure, rather than on an annual basis.

3.4 OTHER POTENTIAL UPDATES

The Team identified and discussed over 30 journal articles and other secondary sources that
were either recently published or not reviewed in the original Massachusetts NEI studies. Future
NEI studies could utilize these new sources (Appendix A) to update the input data used in the NEI
algorithms in the following source studies:

1. Residential New Construction (RNC) NEI Quick Hit Assessment (MA20X14-B-RNCNEI™)
2. Residential Gas-to-Induction Stovetop Conversion NEIs Study (MA22X03-E-GSCNEI")
3. Residential Heat Pumps NEIs Study (MA21X21-E-RHPNEI®)

4 NMR Group, Inc., and Three? (October 6, 2021). RNC NEI Quick Hit Assessment. Retrieved from https:/ma-
eeac.org/wp-content/uploads/MA20X14 RNC-NEI| Final-Report -2021.10.06.pdf

5 NMR Group, Inc., and Three? (January 12, 2023). Residential Gas-to-Induction Stovetop Conversion NEIs Study.
Retrieved from https://ma-eeac.org/wp-content/uploads/MA22X03-E-GSCNEI_Gas-to-Induction-Stovetop-NEls-
Study -Final-Report 1.12.2023.pdf

6 NMR Group, Inc., Three3, DNV (July 21, 2023). Residential Heat Pump NEls Study. Retrieved from https:/ma-
eeac.org/wp-content/uploads/MA21X21-E-RHPNEI Residential-Heat-Pump-NElIs-Study-Final-Report 2023.07.21.pdf
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4. Low-Income Single-Family Health- and Safety-Related Non-Energy Impacts (NEls)
Study'” and Low-Income Multifamily Health- and Safety-Related NEIs Study (TXC50'8)

5. C&l Health and Safety NEls Study (MA21X19-B-CIHSNEI®)

The Team’s NEI subject matter experts—Carina Gronlund of the University of Michigan and Bruce
Tonn of Three®—evaluated both the methodological soundness of the algorithms and the
availability of new research since these source studies were published. Based on their
assessments, the experts offered suggestions on whether updates are warranted and suggested
directions for future research.

3.4.1 Residential New Construction (RNC) (MA20X14-B-RNCNEI)

The RNC NEI Quick Hit Assessment (MA20X14-B-RNCNEI) was completed in 2021 and since
then new literature became available on the health impacts of NO> and other pollutants from gas
stoves that could affect several of the asthma-related RNC NEIs. Some studies in the literature
have focused specifically on the health benefits of transitioning from gas to electric or induction
stoves and the new cohort of studies include randomized controlled trials and large cohort studies
(see Appendix A.1). As a result, it would be useful to review NOz-related NEI algorithms to
determine if any of the inputs to the algorithm should be updated. This also applies to Induction
Stovetops and Residential Heat Pumps.

In addition to research on the effects of NO2 on asthma, there is also new research on the impacts
of pollutants from gas stoves on lower respiratory infections and chronic obstructive pulmonary
disease (COPD), as well as the impacts of formaldehyde and benzene emissions from gas stoves.
These new studies should be reviewed to assess whether updated or additional NEI algorithms
are warranted. For example, the RNC program currently includes an NEI for reduced emergency
department visits for asthma due to reductions in formaldehyde from mechanical ventilation and
heat recovery (MVHR). Because formaldehyde is a carcinogen, there may be quantifiable long-
term cancer risks that are measurably reduced by MVHR or displacement of gas stovetops (see
Appendix A.2). Further, improved ventilation may result in reduced humidity, mold, and extreme
temperatures (see Appendix A.3).

Finally, reviewing the algorithm for Respiratory lliness Due to NO» Exposure from the Residential
Heat Pumps Study (MA21X21) would be useful to determine whether the same NEls are
applicable to RNC (and Induction Stovetops, as noted in Section 3.4.2 below). The Respiratory
llinesses NEI is attributable to reductions in NO, exposure, and the displacement of gas stoves
may result in similar NEls for RNC and Induction Stovetops. A thorough review of the Respiratory

7 Three®, NMR Group, Inc. (August 5, 2016). Low-Income Single-Family Health- and Safety-Related Non-Energy
Impacts (NEIs) Study. Retrieved from https://ma-eeac.org/wp-content/uploads/Low-Income-Single-Family-Health-
and-Safety-Related-Non-Energy-Impacts-Study.pdf

8 Three3, NMR Group, Inc.(August 31, 2021). Low-Income Multifamily Health- and Safety-Related NEIs Studly.
Retrieved from https://www.threecubed.org/uploads/2/9/1/9/29191267/low-income_multifamily health- and_safety-
related non-energy impact_study.pdf

9 NMR Group, Inc., DNV, Tetra Tech (November 1, 2022). C&/ Health and Safety Non-Energy Impacts. Retrieved
from https://ma-eeac.org/wp-content/uploads/MA21X19-B-CIHSNEI Cl-Heath-Safety-NEls-

Report_Final 2022.11.01.pdf
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llinesses algorithm and the asthma-related algorithms is warranted to determine if there is any
overlap among them and avoid any double counting of NEls.

3.4.2 Induction Stovetops (MA22X03-E-GSCNEI)

Similar to the findings in Section 3.4.1, reviewing NO.-related NEI algorithms is warranted to
determine if any of the inputs to the algorithms should be updated. There is also new research on
the impacts of pollutants from gas stoves on lower respiratory infections and COPD that could
result in new NElIs for induction stovetops.

In addition, recent research highlights formaldehyde and benzene emissions from gas stoves—
both of which are known human carcinogens and hence have quantifiable risks of causing cancer
per unit exposure that may be applicable to induction stovetops (see Appendix A.1).

3.4.3 Residential Heat Pumps (MA21X21-E-RHPNEI)

Similar to our findings in Section 3.4.1 and Section 3.4.2, reviewing NO-related NEI algorithms
associated with heat pumps would be useful to determine if any of the inputs to the algorithm
should be updated.

For the influence of air conditioning on reducing heat-associated mortality and morbidity, there
are new research findings and methodological options in the literature (Appendix A.4).

1) Epidemiology option: This traditional approach forms the basis of the heat-related
mortality and morbidity inputs in the current Massachusetts NEI algorithms. In the
epidemiology option, absolute risks of health events are calculated based on whether
people have air conditioning, using relative risks from studies. These studies provide
two sets of relative risks: one for people with air conditioning and one for those without,
comparing health risks at different outdoor temperatures to a comfortable baseline.
Because individual air conditioning status is often unavailable—since data usually
come from death or hospitalization records—these studies are typically specific to
certain locations or populations (e.g., California) and rely on area-level rather than
individual-level air conditioning data. The Sera et al. (2020) study used in the current
algorithm, in particular, could underestimate how much air conditioning reduces
mortality because of this limitation.?°

2) Modeling option: In the modeling option, absolute risks by air conditioning status are
calculated using relative risks from the literature for each degree Celsius of outdoor
temperature, regardless of air conditioning. These relative risks are combined with
data linking outdoor to indoor temperatures for different building types and air
conditioning statuses. This allows risk estimates tailored to specific U.S. cities, building
types, and air conditioning conditions. While this new approach, developed by the
Gronlund et al. (2025) study, can provide RRs for almost any U.S. location and account

20 Incorrectly assigning air conditioning status would cause measurement error in the regression model’s independent
variable, making it appear less correlated with the dependent variable than it truly is, and leading to attenuation bias.
This bias means the true effect is systematically underestimated, with greater errors causing a larger underestimate.
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for local physiological and behavioral adaptations, it requires additional building
energy and temperature modeling, which may need to be developed from scratch.

Finally, the value of a statistical life (VSL) tends to increase at a rate that reflects both inflation
and a portion of real income growth, meaning it generally outpaces inflation. The current NEI
algorithms use a VSL published in 2006 and adjust it for inflation to align with the study year.
While the inflation adjustment described in Section 3.1 would bring the VSL forward to the BCR
year, it would still result in a conservative (i.e., lower) VSL estimate because it does not account
for real income growth. Since real income growth is typically smaller than inflation, omitting it is
likely to have only a modest impact. That said, if updated VSL estimates from the U.S.
Environmental Protection Agency (EPA) or the U.S. Department of Transportation (DOT) become
available, incorporating them into all algorithms that rely on VSL would be preferable to adjusting
past VSL values.

3.4.4 Low-Income Single-Family and Multifamily Weatherization (TXC50)

NEls for both low-income single-family (IE-SF) and multifamily (IE-MF) weatherization were
derived from similar survey questions and methodologies and therefore were reviewed together.
Expert reviewers noted that medical costs in particular and cost inputs in general should be
updated to more current estimates. Similarly, the productivity impacts of poor sleep may benefit
from incorporating the latest research. Additionally, the temperature model developed by Carina
Gronlund and noted above for Residential Heat Pumps (Section 3.4.3 and Appendix A.4) could
be explored for thermal stress NEls, and any updated VSL estimates would apply to both IE-SF
and MF NEls (Section 3.4.3).

Potential modifications to the current set of NEIs for IE-SF and multifamily weatherization
included:

o An arthritis NEI could be explored for IE-SF; it was estimated for IE-MF and has since
been estimated for the Tennessee Valley Authority’s single-family weatherization program

e The inclusion of the asthma NEI for IE-SF measures may need to be revisited for two
reasons: 1) The subsequent IE-MF study found no statistically significant improvement in
asthma outcomes for treatment group households compared to the comparison group,
and 2) Other more recent research, using stronger methodologies with control groups than
those in the national WAP evaluation study underlying the IE_SF study, has shown mixed
results for asthma outcomes associated with weatherization measures.?’

In addition to the suggestions above, the expert reviewers provided potential future directions to
explore for health and other new NEls related to low-income weatherization NEls. These new
NEls are based on preliminary evidence primarily from more recent literature but would require
further research to verify and monetize (see Appendix A.5):

e COPD

21 For the IE-MF and IE-SF studies, the asthma NEls were theorized to be associated with reductions in asthma
triggers such as mold, dust, and extreme temperatures, not reductions in NO2 that have been quantified for RNC,
Induction Stoves and Residential Heat Pumps.
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e Asthma mortality (separate from morbidity)

e Mental health

e Diabetes

e Headaches

¢ Resilience to climate change and severe weather

e Sleep and cognitive health benefits: A current NIH-funded study on sleep and cognitive
health benefits of weatherization should have published results in three years (see
Appendix A.5). The team hypothesizes that extreme indoor temperatures negatively
impact sleep and cognition. This in turn may negatively impact

o Productivity
o Cardiovascular health
o All-cause mortality

o Financial management (e.g. higher susceptibility to scams, poor financial decision-
making, forgetting to pay bills)

3.4.5 C&Il Health and Safety

The Team did not identify any new literature that could be used to update the C&I health and
safety NEls (unless some of the residential health and safety NEls identified in the prior section
could plausibly be extrapolated to C&l applications). It should be noted that the Massachusetts
C&l Health and Safety Non-Energy Impacts study (MA21X19-B-CIHSNEI) was published more
recently (November 2022) than some of the Massachusetts residential NEI studies and therefore
there has been less time for new research. In addition, the NEI Team has observed over the years
that research on residential NEIs, especially research focusing on more vulnerable residential
customers, has been more prolific than research on C&l NEls.

However, the Team did identify some potential avenues for future research or analysis if
Massachusetts chooses to revisit some of these C&I NEI in the future, including:

o NEls for lighting controls: The 2022 Massachusetts C&l Health and Safety Non-Energy
Impacts study based its NEI estimates for lighting controls on two benefits: 1) the reduced
frequency of climbing ladders to change lighting because the lighting controls increased the
lifespan of the lighting fixtures; and 2) the lighting controls improving the quality of the lighting
that can mitigate depressive effects from poor lighting.

The current Team observed that these benefits of lighting controls could be expanded to
include:

o The safety benefits of improved lighting quality, such as reducing the frequency of
injuries from using machinery, cutting food, etc. However, such research would be
contingent on evidence of poorly maintained legacy lighting systems.
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o Other health benefits of improved lighting quality besides reduction of depressive
symptoms, such as the reductions of headaches and eye strains and their associated
healthcare or worker absenteeism costs.

o EMS & boiler replacements: One avenue of new research could be to examine how often the
installation of an Energy Management System (EMS) or a new boiler requires repair or
upgrading of electric systems, which could reduce the incidence of electrical fires.

o Retrocommissioning: Additional areas of focus for Retrocommissioning (RCx) NEls could look
at the degree to which RCx improvements might mitigate mold, mildew and standing water
issues in buildings, with contributing health benefits. Retrocommissioning might also produce
thermal comfort and productivity benefits.

19
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Section4 Updated Recommended NEI Values

In this section we present the Team’s recommended updated values for those NEIs that require
an update that we expect to be straightforward and require no new research.

4.1 RESIDENTIAL HEAT PumpP NEIs UPDATED WITH NEW NO-COOLING
BASELINES

The Residential Heat Pump NEI study (MA21X21-E-RHPNEI)?? relied on the 2021 Energy
Optimization Fuel Displacement Impact and Process Study (MA20R24-B-EOEVAL) for the
percentage of homes with a no-cooling baseline, which is the percentage of customers who had
no pre-existing cooling equipment and would not have installed new cooling equipment had they
not installed the program-supported heat pump. The MA21X21-E-RHPNEI study recommended
that the PAs update the applicable NEI values when new information on no-cooling baselines in
Massachusetts became available. Since then, the 2024 Massachusetts Heat Pump Metering
Study (MA22R51-B-HPMS) has updated the no-cooling baseline assumptions for heat pumps,
and therefore it is warranted to update certain heat pump NEls.

The new no-cooling baseline requires updates to the two thermal stress NEIs for residential heat
pumps: 1) Heat-related mortality risk, and 2) Productivity gains due to reduced cognitive impacts
from extreme heat. In this section, we present the original NEI values from the source study and
the Team’s suggested updated values by heat pump type and application for easy incorporation
into the BCR model.

Table 7 shows the no-cooling baseline percentages used in the original study and the updated
values from the 2024 Heat Pump Metering study. No-cooling baseline percentages indicate the
shares of customers who lacked cooling and would not have added it without the program-
supported heat pump.

Table 7: No-Cooling Baseline Percentages: Original 2021 Source Study vs. 2024
Heat Pump Metering Study

Heat Pump Type Original 2021 Source 2024 Heat Pump Metering
Study Study

Mini-split HP with an electric 37% 52%

resistance pre-retrofit heating

system

Mini-split HP with a fossil fuel- 30% 52%

fired pre-retrofit heating system

Central Heat Pump 9% 16%

Ground Source Heat Pump 9% 8%

22 NMR Group, Inc., Three3, DNV (July 21, 2023). Residential Heat Pump NEls Study. Retrieved from https://ma-
eeac.org/wp-content/uploads/MA21X21-E-RHPNEI Residential-Heat-Pump-NElIs-Study-Final-Report 2023.07.21.pdf
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Table 8 presents the original and updated annual NEI values, where the updated values apply
the new no-cooling baseline percentages, for the thermal stress NEIs for residential heat pump
measures specific to each heat pump application. Because the updated baseline percentages are
higher than those in the original source study for both mini-split and central heat pumps, the
revised NEI values are correspondingly greater. The higher no-cooling baselines vyield larger
thermal stress benefits, driving the increase in NEls.

Table 8: Original and Recommended Updated Annual Thermal Stress NEI Values
Reflecting New No-Cooling Baselines
NEI Applicable Heat Pump Original NEI Value Updated NEI Value
Application ($/year) ($/year)
MSHPs fully or partially

displacing electric $115.06 $161.70
resistance heat

MSHPs fully or partially
displacing oil, propane, or $93.28 $161.69
natural gas equipment

Heat-related mortality — Central heat pump fully or

propane, or natural gas ) )
equipment
Ground-source heat pump
fully or partially displacing $37.82 $33.62

oil, propane, or natural
gas equipment

MSHPs fully or partially
displacing electric $21.03 $29.56
resistance heat

MSHPs fully or partially

displacing oil, propane, or $17.05 $29.55
Productivity gains due natural gas equipment
to reduced cognitive  Central heat pump fully or
impacts from extreme partially displacing oil,
heat (thermal stress) propane, or natural gas $6.91 $12.28
equipment

Ground-source heat pump
fully or partially displacing
oil, propane, or natural
gas equipment

$6.91 $6.14

Table 9Error! Reference source not found. presents the Team’s recommended updated annual
NEI values for residential heat pump measures by heat pump type and application, incorporating
the revised thermal stress NEIs shown in Table 8. The Team recommends that these updated
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values replace the corresponding values currently used in the BCR model. In the future,
these NEI values should be updated when new information on no-cooling baselines becomes
available, especially if they differ substantially from those based on the 2024 Heat Pump Metering
Study.

Table 9: Updated Annual Residential Heat Pump NEI Values by Heat Pump Type
and Application

Average
NEI Value NEI Value Total NEI Installed Total NEI
Heat Pump Type and . . o
. for Heating for Cooling Value per Capacity (in Value per
Application
per Measure per Measure Measure tons) per Ton
Measure?
Mini-Split HP
Integrated Controls $112.43 $260.68 $373.10 N/A N/A
Retrofit Oil
Mini-Split HP
Integrated Controls $112.43 $260.68 $373.10 N/A N/A

Retrofit, Propane

Central Ducted HP
Partially Displacing $93.69 $148.95 $242.64 3.7 $65.58
Existing Furnace, Oil

Central Ducted HP
Partially Displacing
Existing Furnace,
Propane

Central Ducted HP
Fully Displacing $187.75 $148.95 $336.70 4.7 $71.64
Existing Furnace, Oil

Central Ducted HP
Fully Displacing
Existing Furnace,
Propane

Mini-Split HP with
Integrated Controls
Partially Displacing
Existing Boiler, Oil

Mini-Split HP with
Integrated Controls
Partially Displacing $112.43 $260.68 $373.10 2.8 $133.25
Existing Boiler,
Propane

$93.69 $148.95 $242.64 3.7 $65.58

$187.75 $148.95 $336.70 4.7 $71.64

$112.43 $260.68 $373.10 2.8 $133.25

Mini-Split HP with $187.39 $260.68 $448.07 3.9 $114.89
Integrated Controls
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Heat Pump Type and
Application

Fully Displacing
Existing Boiler, Oil

Mini-Split HP with
Integrated Controls
Fully Displacing
Existing Boiler,
Propane

Mini-Split HP Fully
Displacing Electric
Resistance

Custom Heat Pumps,
Displacing Electric
Heat (Multifamily)

Air-to-Water Heat
Pump Displacing Oil
Heat
Air-to-Water Heat
Pump Displacing
Propane Heat

Closed Loop GSHP
Displacing Oil Heat

Closed Loop GSHP
Displacing Propane
Heat

Open Loop GSHP
Displacing Oil Heat

Open Loop GSHP
replacing Propane
Heat

MSHP Integrated
Controls Retrofit, Gas

Central Ducted Heat
Pump Partially
Displacing Existing
Furnace, Gas

NVIR

-
DNV Th ree’

NEI Value
for Heating

per Measure

$187.39 $260.68
$187.40 $260.69
$187.40 $260.69
$187.39 $0

$187.39 $0

$187.75 $109.19
$187.75 $109.19
$187.75 $109.19
$187.75 $109.19
$112.43 $260.68
$93.69 $148.95
UNIVERSITY OF MICHIGAN

NEI Value
for Cooling
per Measure

Total NEI
Value per
Measure

$448.07

$448.09

$448.09

$187.39

$187.39

$296.94

$296.94

$296.94

$296.94

$373.10

$242.64

Average
Installed
Capacity (in
tons) per
Measure?

3.9

2.0

1.0

4.0

4.0

4.0

4.0

4.0

4.0

N/A

3.7

Total NEI
Value per
Ton

$114.89

$224.04

$448.09

$46.85

$46.85

$74.24

$74.24

$74.24

$74.24

N/A

$65.58
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Average
NEI Value NEI Value Total NEI Installed Total NEI
for Heating for Cooling Value per Capacity (in Value per
per Measure per Measure Measure tons) per Ton
Measure?

Heat Pump Type and

Application

Central Ducted Heat
Pump Fully Displacing $201.89 $148.95 $350.84 4.7 $74.65
Existing Furnace, Gas

MSHP with Integrated
Controls Partially

) : . $112.43 $260.68 $373.10 2.8 $133.25
Displacing Existing
Boiler, Gas
MSHP Fully Displacing 4147 39 $260.68 $448.07 3.9 $114.89

Existing Boiler, Gas

Air-to-Water Heat
Pump Displacing $187.39 $0 $187.39 4.0 $46.85
Existing Boiler, Gas

Closed Loop GSHP

Replacing Furnace, $201.89 $109.19 $311.08 4.0 $77.77
Gas

Open Loop GSHP

Replacing Furnace, $201.89 $109.19 $311.08 4.0 $77.77
Gas

@ Based on the 2021 Energy Optimization Fuel Displacement Impact and Process Study (MA20R24-B-EOEVAL). For
the air-to-water HP and GSHP systems, we assumed average capacity to be 4.0 tons, which reflects the capacity
assumption currently used by the PAs for such systems. For the other natural gas-to-heat pump conversion measures,
the corresponding tonnage from a similar propane-to-heat pump conversion measure was used. The PAs do not
currently have the capacity size for integrated controls retrofit measures and are handling such measures as whole
home savings measures.

4.2 RESIDENTIAL NEW CONSTRUCTION NEI UPDATES

The health NEls (i.e., the asthma-related health impacts of NO, and other pollutants from gas
stoves) for RNC and all-electric RNC from the RNC NEI Quick Hit Assessment study (MA20X14-
B-RNCNEI?) should be updated based on the asthma-related research conducted in the more
recent Residential Gas-to-Induction Stovetop Conversion NEls Study (MA22X03-E-GSCNEI).
These updates would improve consistency in asthma-related NEls across the PAs’ programs.

The Residential Gas-to-Induction Stovetop Conversion NEls study reexamined the asthma-
related algorithms and input values used in the RNC NEI Quick Hit Assessment study, then
applied several adjustments to estimate NEI values for households that replace their gas stovetop

23 NMR Group, Inc., and Three® (October 6, 2021). RNC NEI Quick Hit Assessment. Retrieved from https://ma-
eeac.org/wp-content/uploads/MA20X14 RNC-NEI Final-Report -2021.10.06.pdf
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with an electric induction stovetop in their existing home. For childhood asthma prevention, these
adjustments involved replacing the cost inputs from the RNC study with new federal guidance
published in 2023.2* The new guidance provided a comprehensive cost-of-iliness valuation for
new-onset asthma, including lifetime medical costs and lost productivity.?® Because the federal
guidance estimated lifetime costs rather than annual costs, the Residential Gas-to-Induction
Stovetop Conversion NEls study updated the algorithm to convert lifetime costs to an annual NEI.
Additionally, the RNC version of asthma-related health NEls that estimated changes in asthma
symptoms relied on the cost of asthma-related medical care for the cost input and included a
downward cost adjustment because not all symptoms would lead to seeking medical care. The
new federal guidance previously noted also included a value for the cost of asthma symptoms,
rather than medical care, and so this downward adjustment was removed in the Residential Gas-
to-Induction Stovetop Conversion NEIs Study.

The Team’s recommended updated values are presented in Table 10. The Team recommends
that these updated values replace the corresponding values currently used in the BCR
model.

Table 10. Updates to RNC Asthma NEIs Associated with Lower Rates of Gas
Stoves in Regular and All-Electric RNC Homes

Original Updated
NEI Original NEI Value Updated NEI Value
Elec or NEI Catedo NEI Value - All- NEI Value - All-
Gas NEIID Description BgRry ~RNC  Electric = —-RNC Electric
- Detailed Model Homes RNC Homes RNC
($/year) Homes ($/year) Homes
($/year) ($/year)
Childhood
Elec&  \El 03 asthma Health $0.65 $8.00 $0.25 $3.04
Gas prevention Benefits
Adult
Elec& gl 03  astma Health $0.42 $5.13 $4.12  $51.45
Gas symptom Benefits
reduction
Childhood
Elec & asthma Health
Gos NELO3  symptom  Benefits $2.21 $27.36 $3.98 $49.77
reduction
Elec & Total Health
Gos  MVELO3  ahma  oniits $328  $40.49 $8.35  $104.26
benefits

24 EPA (January 2022). BenMAP-CE Manual and Appendices. Retrieved from https://www.epa.gov/benmap/benmap-
ce-manual-and-appendices

25 The RNC NEI Quick Hit Assessment did not incorporate lost productivity related to asthma, but the new federal
guidance allowed the study team to include it in the Gas-to-Induction Stovetop Conversion NEI study.
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4.3 OTHER UPDATES

The Team also identified and recommended updates for a few additional NEls that we found to
use incorrect values in the BCR model, where the correct values could be identified. The original
and updated values for these NEI are presented in Table 11.26 The Team recommends that
these updated values replace the corresponding values currently used in the BCR model.

Table 11: Original and Updated Annual NEI Values

Original
NEI Updated NEI
Value Value ($/year)

($/year)

NEI NEI
Description - (0F:1(-Te L] oA

BCR Model BCR Model

Elec IE SF Heating Equipment Value transposed
&  NEL35 System Mac:ntznance with Home $9.72 $27.43
Gas Retrofit Durability
Elec IE SF Heating Home Value transposed
&  NEL35 System Durability with Equipment $27.43 $9.72
Gas Retrofit Maintenance
The BCRis using
the safety value
from an interim
Elec NEI55 IEMF Freezer  MProved report for TXC 50,  $0.19 $0.00
Safety ] :
The final report did
not produce a
freezer-specific NEI
The BCR is using
the safety value
IE MF Improved from an interim
Sl NELSE Refrigerator Safety report for TXC 50. S T
Final value was $0
for refrigerators
$296.94/unit or
Residential - The BCR is using $74.24/ton
GSHP the value from the (GSHP
Elec  NEI_152 displacement - interim report of $99.74 displacing oil or
Open Loop MA21X21. propane);
$311.08/unit or
$79.01/ton

26 The updated values in Table 11 for the residential heat pump measures incorporate the adjustments for the new
no-cooling baseline assumptions, which are discussed in Section 4.1.
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Original
NEI Updated NEI
Value Value ($/year)

($/year)

Elec NEIID NEI NEI
or (BCR Description - Category -

Gas Model) BCR Model BCR Model

The BCR is using
the value from the
interim report of
MA21X21. Remove

Residential MF individual NEls

home durability,
thermal comfort,
health benefits) as
the overall NEl is a
composite NEI
Update to values
: : from MA21X21; the
Residential ' .
Elec NE| 25  Retail Heat BCR was using g8.11  $242.64/unitor
Pum outdated values $65.58/ton
P
based on 2011 NEI
Report
Update to values
Residential from MA21X21;
Retail Mini The BCR was using $373.10/unit or
Blec  NEL25  gpjit Heat outdated values $4.21 $133.25/ton
Pump based on 2011 NEI
Report
cal - Likely a case of the
Elec NEI_114  Prescriptive ogm ~ negatvesinbeng -$0.001
Refrigeration inadvertently '
omitted
C&Il New Measure is using
Prescriptive generic NEI for
HVAC HVAC when NEI for
Elec NEI_136  controls (inc. O&M EMS would be -$0.003 0.013
EMS & Hotel more suitable for
Occ.) :
this measure
This is a retrofit
measure and
should be using the
C&l - Ductwork NEI for the retrofit
Gas NE|_141 - Retrofit O&M scenario, not the -$0082 -$0099

early replacement
NEI it's currently
using
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NEI ID NEI
Description -
BCR Model

Elec

or (BCR

Gas Model)

C&l - New
Bldg - Custom
Gas NELL131  _commercial
Kitchen, Gas
.
NMR —— Three?

Original
NEI Updated NEI
Value Value ($/year)

($/year)

NEI
Category -
BCR Model

The BCR model
has no NEI value
H&S despite existence of $0

valid NEI value

$1.18

28

UNIVERSITY OF MICHIGAN



Section 5

Prioritization of Future NEI Research

In this section, we discuss the results of the Team’s prioritization analysis for future NEI research
in Massachusetts.

Table 12 presents the final prioritization matrix, which includes a total of nine prioritization factors,
the five-point scales used to operationalize each factor, and the relative weights assigned to each
factor. A higher score on the five-point scale indicates a higher priority for that factor. The Team
assessed the first five factors at the core initiative level and the remaining four at the measure or
measure group level. Each item’s total score is a weighted sum of its scores across all factors.

The prioritization matrix is designed to serve as a living tool that the PAs can update and refine

as their needs and priorities evolve.

Factor

#

Table 12: Prioritization Matrix

Prioritization Factor

NEI coverage in terms of
savings

Electric Portfolio Savings
Contribution

Gas Portfolio Savings
Contribution

Importance to Program or
Initiative Cost-
Effectiveness (i.e., BCR
without NEI)

Impact of Existing NEls
on BCR

Recency of Pertinent
Massachusetts NEI Study

Further research
suggested by the
pertinent Massachusetts
study

Operationalization of Factor
(Score on a 5-point Scale)
NEI coverage < 20% = 5; >20% to 40% = 4; >40%
to 60% =3; >60% to 80% = 2; >80% = 1

% of Total Adj. Elec Gross Lifetime
MMBTU215%=5; 10% to <15%=4;>6% to <10%=3;
3% to <6%=2; <3%=1

% of Total Adj. Gas Gross Lifetime
MMBTU=15%=5; 10% to <15%=4;>6% to <10%=3;
3% to <6%=2; <3%=1

BCR w/o NEI<0.8=5; 0.8 to <1.0=4; 1.0 to <1.3=3;
1.3 to <2.0=2; 22.0=1

BCR Difference?722.0=5; 1.5 to <2.0=4; 1.0 to
<1.5=3; 0.5 to <1.0=2; <0.5=1

Pertinent NEI study is older than 15 years = 5; >10
to 15=4;>6to 10 = 3;>3 to 6 = 2; <3 years=1

No further research mentioned=1

Further research mentioned=2

Further research listed among considerations=3
Further research listed in the recommendations=5

27 BCR Difference is calculated as the BCR score with NEIs minus the BCR score without NEls.
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Relative
Weight

10%

15%

10%

10%

10%

5%

10%
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Existing NEls: New Score = number of “Yes” answers to the following
secondary research five questions:
available 1. Are at least 5 new studies available?

Do the most promising new study or studies:

2. Come from peer-reviewed or government

sources? o
8 3. Demonstrate high statistical power? 15%

4. Use superior methodology compared with those

underlying current Massachusetts NEI algorithms?

5. Have the potential to significantly change key

inputs and resulting NEI values in the existing

Massachusetts algorithms?

Potential New NEIs: New  Score = number of “Yes” answers to the following
secondary research five questions:
available 1. Are at least 5 new studies available?

Do the most promising new study or studies:

2. Come from peer-reviewed or government

sources? 0
o 3. Demonstrate high statistical power? 15%

4. Use methodology directly relevant to

Massachusetts?

5. Have results that can be applied in

Massachusetts without relying on excessive

assumptions?

From this demonstration run of the prioritization matrix, all of the high priority NEls are associated
with residential and low-income initiatives (see the prioritization matrix spreadsheet MA25X03-
BB-NEIGAP-Task 4 NEI Gaps Prioritization_D4 02.02.26). Compared to the low prioritization
scores, the higher prioritization NEI scores are driven in part by the large amount of new research
associated with residential and weatherization measures identified by the study team, whereas
no new literature was identified for the C&l NEIs. A summary of the new research identified is
discussed in Section 3.4. The Team notes that the prioritization scores may change if the PAs’
current or future programs add new measures and technologies not considered in this scoring, if
new literature becomes available, or if the scoring of any of the other factors changes. The
prioritization matrix should be viewed as a planning tool that is used in conjunction with
consideration of all relevant issues rather than a mechanism used to determine prioritization
decisions.

The Team also notes that some initiatives, such as Residential New Construction and Residential
Heat Pumps, are now classified as market transformation initiatives. For these initiatives, impact
accounting may shift toward long-term estimates of total market adoption that can be attributed
to the programs. Historically, the PAs could only claim NEIs that accrue to direct participants and
buildings treated through their programs.?® Because market transformation initiatives (MTIs)

28 Page 105 of the DPU Order approving the 2013-2015 Three-Year Efficiency Plans: “As stated above, the TRC test
includes only those benefits and costs that are associated with the energy system and program participants; non-
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influence nonparticipants, if the DPU directs that MTls be valued in future three-year plans at the
overall market level, the PAs should consider how to adapt the current participant-focused NEI
framework and how that adaptation may shape future NEI research priorities.

energy impacts are appropriately included as a program benefit if they accrue specifically to participants. Guidelines §
3.4.3"
https://ma-eeac.org/wp-content/uploads/2013-2015-Three-Year-Efficiency-Plans-Order-1-31-1311.pdf
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Section 6 Summary and Recommendations

This section summarizes the study’s key findings, recommendations, and considerations.

6.1 KEY FINDINGS

Overall, the Team found that most NEls in the BCR models align with the values reported in the
original NEI studies. However, the Team also identified some gaps and discrepancies, discussed
areas for improvement, recommended updates to existing NEI values, and suggested directions
for future NEI research in Massachusetts.

The key findings included the following:

¢ BCR models do not adjust NEI values from past studies to account for inflation. As a result,
the static treatment of NEls creates an inconsistency in how BCR models handle energy
versus non-energy impacts. Similarly, the models do not apply inflation adjustments to
cost values for measures that use incremental costs from an evaluation study.

o Some NEls are outdated (i.e., new data is available), inaccurate (based on incorrect or
outdated sources), or no longer applicable (either they no longer apply or are captured
elsewhere). For example, the price hedging NEI is better treated as an energy impact.
Rate discounts are essentially transfer payments between customers paying retail rates
and those receiving discounted rates, and low-income energy-efficiency programs reduce
these transfers. The resulting reductions are not typically included in the Total Resource
Cost test because they do not reduce the utility’s cost of service or provide direct benefits
to energy-efficiency program participants.

e Although many NEI values in the BCR model workbooks include source information, it is
not consistently documented or updated.

e Most core initiatives in the PAs’ portfolio have strong NEI coverage, based on the number
of measures with NEIs or the share of initiative savings linked to NEls. However, some
initiatives, such as Residential New Construction, have relatively low coverage.

e The Team identified over 30 journal articles and pieces of secondary literature that
evaluators could use to update input data used in current NEI algorithms.

e The demonstration run of the prioritization matrix identified four residential and low-income
measure groups or core initiatives as high priorities for future NEI research (residential
new construction, residential heat pumps, residential induction stoves, and low-income
single-family home weatherization). The Team notes that prioritization scores may change
if the PAs add new measures and technologies not considered in this scoring, if new
literature becomes available, or if the scoring of any of the other factors change. More
importantly, the prioritization matrix should be viewed as a planning tool that is used in
conjunction with consideration of all relevant issues rather than a mechanism used to
determine prioritization decisions.
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6.2 RECOMMENDATIONS

Based on the study findings, the Team developed the following recommendations:

1.

The PAs should adjust the NEI values from the year used in the original study to the BCR
model year using the same GDP deflator values applied in the AESC study to ensure
consistency in how energy and non-energy impacts are treated within the BCR models.

For further consistency, the cost values for measures that rely on incremental costs from
an EM&V study should also be inflation-adjusted, so all benefits and costs in the BCR
model are expressed in a common year. Inflation adjustments for incremental costs should
be applied only when those costs have not already been updated outside the study, such
as through other data collection efforts, to avoid double adjustment.

The price hedging and rate discount NEIs are no longer applicable and should be dropped
from the BCR models. The price hedging NEI is better treated as an energy impact. Rate
discounts function as transfer payments that low-income energy-efficiency programs help
reduce. The resulting reductions in rate subsidies are better captured in the Ratepayer
Impact Test, which evaluates how energy-efficiency programs affect customer rates.

The PAs and their BCR modelers should review the list of NEIs provided in Section 3.3
for which the Team could not identify a clear source or accurate value, and update the
BCR model as needed, including flagging any NEI values that still lack a clear source for
further evaluation or removal. The PAs should update their BCR model workbooks to
ensure that all NEI values in the models have accurate source information.

PAs should use the updated values recommended by the Team for the NEIs listed in
Section 4.

6.3 CONSIDERATIONS

The Team also developed several considerations for the PAs, including:

1.

NVIR

The PAs should consider the prioritization results presented in Section 5 to guide planning
for future NEI research studies.

PAs should treat the prioritization matrix as a living tool and update it as their programs,
needs, and priorities change .

With some PA initiatives now classified as market transformation initiatives, impact
accounting may need to evolve. Historically, the PAs could only claim NEls that accrue to
participants and buildings directly treated through their programs (“participant NEIs”).
Because market transformation initiatives influence nonparticipants, if the DPU directs that
market transformation initiatives be valued at the overall market level in future three-year
plans, the PAs should consider how to adapt the current participant-focused NEI
framework and how that adaptation may shape future NEI research priorities.
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Appendix A List of New Secondary NEI Sources

This appendix lists new and relevant secondary sources the Team identified. These sources can
be used to update the inputs used in the NEI algorithms, develop any new NEIs, and update the
NEI values to reflect more recent research published since the original studies were conducted.

A.1 NO: AND GAs STOVE RELATED RESEARCH (RNC, INDUCTION STOVES,
RESIDENTIAL HEAT PUMPS)

Bedard, M.-A., Reyna, M. E., Moraes, T. J., Simons, E., Turvey, S. E., Mandhane, P., . ..
Subbarao, P. (2023). Association between gas stove use and childhood asthma in the
Canadian CHILD cohort study. Canadian Journal of Public Health-Revue Canadienne De
Sante Publique, 114, 705-708. Retrieved from https://doi.org/10.17269/s41997-023-
00779-0

Daouda, M., Carforo, A., Miller, H., Ventrella, J., Tan, Y. A., Feliciano, M., & Tryner, J. (2016,
October). Out of Gas, In with Justice: Findings from a Gas-to-Induction Pilot in Low-
Income Housing in NYC. Energy Research & Social Science. Retrieved from
https://doi.org/10.1016/j.erss.2024.103662

Fabian, M. P., Adamkiewicz, G., Stout, N. K., Sandel, M., & Levy, I. J. (n.d.). A simulation model
of building intervention impacts on indoor environmental quality, pediatric asthma, and
costs. Journal of Allergy and Clinical Immunology, 133(1), 77-84.

Fabian, M. P., Stout, N. K., Adamkiewicz, G., Geggel, A., Ren, C., Sandel, M., & Levy, J. |. (2012).
The effects of indoor environmental exposures on pediatric asthma: a discrete event
simulation model. Environmental Health, 11(66). Retrieved from
https://doi.org/10.1186/1476-069X-11-66

Fabian, P., Adamkiewicz, G., & Levy, J. |. (2011). Simulating indoor concentrations of NO, and
PM2.5 in multifamily housing for use in health-based intervention modeling.

Gent, J. F., Holford, T. R., Bracken, M. B., Plano, J. M., McKay, L. A., Sorrentino, K. M., . . .
Leaderer, B. (2022). Childhood Asthma and Household Exposures to Nitrogen Dioxide
and Fine Particles: A Triple-Crossover Randomized Intervention Trial. Journal of Asthma,
60(4), 744—753. Retrieved from https://doi.org/10.1080/02770903.2022.2093219

Gould, C. F., Bejarano, M. L., De La Cuesta, B., Jack, D. W., Schlesinger, S. B., Valarezo, A., &
Burke, M. (2023). Climate and health benefits of a transition from gas to electric cooking.
Proceedings of the National Academy of Sciences of the United States of America,
120(34). Retrieved from https://doi.org/10.1073/pnas.2301061120

Gruenwald, T., Seals, B. A., Knibbs, L. D., & Hosgood Ill, H. D. (2022). Population attributable
fraction of gas stoves and childhood asthma in the United States. International Journal of
Environmental =~ Research  and  Public  Health, 20(1). Retrieved  from
https://doi.org/10.3390/ijerph20010075

NMR —— Three? UNIVERSITY OF MICHIGAN




NEI GAP IDENTIFICATION AND UPDATES (MA25X03-BB-NEIGAP) STUDY REPORT

Gruenwald, T., Seals, B. A., Knibbs, L. D., & Hosgood Ill, H. D. (2023). Population attributable

fraction of gas stoves and childhood asthma in the United States. International Journal of
Environmental Research and Public Health, 20(1).

Jarvis, D., Chinn, S., Luczynska, C., & Burney, P. (1996). Association of respiratory symptoms

and lung function in young adults with use of domestic gas appliances. Lancet, 347, 426—
431. Retrieved from https://doi.org/10.1016/S0140-6736(96)90009-4

Kang, I., McCreery, A., Azimi, P., Gramigna, A., Baca, G., Hayes, W., . . . Stephens, B. (2023).

Impacts of residential indoor air quality and environmental risk factors on adult asthma-
related health outcomes in Chicago, IL. Journal of Exposure Science and Environmental
Epidemiology, 33(3), 358-367. Retrieved from https://doi.org/10.1038/s41370-022-
00503-z

McHugh, E. G., Grady, S. T., Collins, C. M., Moy, M. L., Hart, J. E., Coull, B. A., . . . Garshick, E.

(2023). Pulmonary, inflammatory, and oxidative effects of indoor nitrogen dioxide in
patients with COPD. Environmental Epidemiology, 7(5). Retrieved from
https://doi.org/10.1097/EE9.000000000000027 1

Pan, H., Jarvis, D., Potts, J., Casas, L., Nowak, D., Heinrich, J., & Garcia Aymerich, J. (2024,

March). Gas cooking indoors and respiratory symptoms in the ECRHS cohort.
International Journal of Hygiene and Environmental Health, 256. Retrieved from
https://doi.org/10.1016/j.ijheh.2023.114310

Puzzolo, E., Fleeman, N., Lorenzetti, F., Rubinstein, F., Li, Y., Xing, R., & Shen, G. (2024).

Estimated health effects from domestic use of gaseous fuels for cooking and heating in

high-income, middle-income, and low-income countries: a systematic review and meta-
analyses. Lancet Respiratory Medicine, 12(4), 281-293. Retrieved from
https://doi.org/10.1016/S2213-2600(23)00427-7

Seltenrich, N. (2024). Clearing the air: gas stove emissions and direct health effects.

Environmental Health Perspectives, 132(2).

Tianyuan, L., Shapiro, M. A., Heidarinejad, M., & Stephens, B. (2024, August). Ten questions

concerning building electrification. Building and Environment, 261. Retrieved from
https://doi.org/10.1016/j.buildenv.2024.111653

Tieskens, K. F., Milando, C. W., Underhill, L. J., Vermeer, K., Levy, J. |., & Fabian , M. P. (2021).

A.2

The impact of energy retrofits on pediatric asthma exacerbation in a Boston multi-family
housing complex: a systems science approach. Environmental Health, 20(1). Retrieved
from https://doi.org/10.1186/s12940-021-00699-x

FORMALDEHYDE AND BENZENE EMISSIONS FROM GAS STOVES (INDUCTION

STOVETOPS; RNC)
Kashtan, Y. s., Nicholson, M., Finnegan, C., Ouyang, Z., Lebel, E. D., Michanowicz, D. R, . ..

DV

Jackson, R. B. (2023). Gas and propane combustion from stoves emits benzene and

increases indoor air pollution. Environmental Science & Technology, 57(26), 9653—-9663.
Retrieved from https://pubmed.ncbi.nim.nih.gov/37319002/

35
.
— Three? UNIVERSITY OF MICHIGAN




NEI GAP IDENTIFICATION AND UPDATES (MA25X03-BB-NEIGAP) STUDY REPORT

Zheng, Z., Zhang, H., Qian, H., Li, J., Yu, T., & Liu, C. (2022). Emission characteristics of
formaldehyde from natural gas combustion and effects of hood exhaust in Chinese
kitchens.  Science of the Total Environment, 838(4). Retrieved from
https://pubmed.ncbi.nim.nih.gov/35691355/

A.3 IMPROVED VENTILATION (RNC)

Caillaud, D., Leynaert, B., Keirsbulck, M., & Nadif, R. (2018). Indoor mould exposure, asthma and
rhinitis: findings from systematic reviews and recent longitudinal studies. European
Respiratory Review, 27(148). Retrieved from https://doi.org/10.1183/16000617.0137-
2017

Fisk, W. J. (2018). How home ventilation rates affect health: a literature review. Indoor Air, 28(4),
473-487. Retrieved from https://doi.org/10.1111/ina.12469

Humphrey, J. L., Barton, K. E., Shrestha, P. M., Carlton, E. J., Newman, L. S., Dowling Root, E.,
... Miller, S. L. (2020). Air infiltration in low-income, urban homes and its relationship to
lung function. Journal Of Exposure Science And Environmental Epidemiology, 30(2), 262—
270. Retrieved from https://doi.org/10.1038/s41370-019-0184-8

Ortiz, M., & Bluyssen, P. M. (2022). Indoor environmental quality, energy efficiency and thermal
comfort in the retroftting of housing a literature review. In F. Nicol, H. Rijal, & S. Roaf
(Eds.), Routledge Handbook Of Resilient Thermal Comfort (pp. 433—445). Routledge
International Handbooks. Retrieved from https://doi.org/10.4324/9781003244929-32

Ortiz, M., ltard, L., & Bluyssen, P. M. (2020, August). Indoor environmental quality related risk
factors with energy-efficient retrofitting of housing: a literature review. Energy And
Buildings, 221. Retrieved from https://doi.org/10.1016/j.enbuild.2020.110102

Vardoulakis, S., Giagloglou, E., Steinle, S., Davis, A., Sleeuwenhoek, A., Galea, K. S., . ..
Crawford, J. O. (2020). Indoor exposure to selected air pollutants in the home
environment: a systematic review. International Journal of Environmental Research and
Public Health, 17(23). Retrieved from https://doi.org/10.3390/ijerph17238972

A.4 THERMAL STRESS, HEAT (RESIDENTIAL HEAT PUMPS)

Gronlund, C. J., Hondula, D. M., Mallen, E., O'Neill, M. S., Rajput, M., Krayenhoff, E. S., . . .
Stone, Jr., B. (2025, June). Advancing extreme heat risk assessments to better capture
individually-experienced temperatures: A new approach to describe individual and
subgroup vulnerabilities. Environmental Health Perspectives. Retrieved from
https://ehp.niehs.nih.gov/doi/10.1289/EHP15223

Gronlund, C. J., Ketenci, K. C., Reames, T. G., Larson, P. S., Schott, J., Rowe, Z., ... O'Neill ,
M. S. (2021). Indoor apparent temperature, cognition, and daytime sleepiness among low-
income adults in a temperate climate. Indoor Air. Retrieved from
https://doi.org/10.1111/ina.12972

NMR — Three® UNIVERSITY OF MICHIGAN

36



NEI GAP IDENTIFICATION AND UPDATES (MA25X03-BB-NEIGAP) STUDY REPORT

Ostro, B., Rauch, S., Green, R., Malig, B., & Basu, R. (2010). The effects of temperature and use
of air conditioning on hospitalizations. American Journal of Epidemiology. Retrieved from
https://doi.org/10.1093/aje/kwq231

Randazza, J. M., Hess, J. J., Bostrom, A., Hartwell, C., Adams, Q. H., Nori-Sarma, A., & Spangler,
K. R. (2023). Planning to reduce the health impacts of extreme heat: a content analysis of
heat action plans in local United States jurisdictions. American Journal of Public Health.
Retrieved from https://doi.org/10.2105/AJPH.2022.307217

Rogot, E., Sorlie, E., & Backlund, P. (1992). Air-conditioning and mortality in hot weather.
American Journal of Epidemiology.

Semenza, J., Rubin, C., & Falter, K. (1996). Heat-related deaths during the July 1995 heat wave
in Chicago. New England Journal of Medicine.

Stowell, J. D., Wing, S. I., Romitti, Y., Kinney, P. L., & Wellenius, G. A. (2025). Emergency
department visits in California associated with wildfire PM2.5: differing risk across
individuals and communities. Environmental Research: Health, 3(1). Retrieved from
https://doi.org/10.1088/2752-5309/ad976d

A.5 WEATHERIZATION

Gronlund, C. (NIH Research Grant, in Progress). Assessing the Neuropsychological Benefits of
Weatherization Programs. https://reporter.nih.gov/search/p euaHYo7Uefpk-
luVZVEw/project-details/11085091#details

Krishnan V., Diette G. B., Rand C. S., Bilderback A. L., Merriman B., Hansel N. N., Krishnan J. A.
(2006). Mortality in patients hospitalized for asthma exacerbations in the United States.
American Journal of Respiratory and Critical Care Medicine. 174(6):633-8.
https://pmc.ncbi.nim.nih.gov/articles/PMC2648055/#.~:text=The%20overall%20hospital
Y%20mortality%20for,%E2%80%930.6%3B%20Table %202

Marincic, M., Rose, E, Tonn, B and Beteta-Benson. R. (2025). Effects of Home Uplift
Weatherization on TennCare Ultilization and Costs. Prepared for the Tennessee Valley
Authority.

Tonn. B, Marincic, M, & Rose, E. (2024). A dollar well spent: Monetizing the societal benefits of
low-income weatherization programs in the United States. Energy Research & Social
Science. 2024 Jan;107:103341. Retrieved from
https://pmc.ncbi.nim.nih.gov/articles/PMC11349305/

Tonn, B., Rose, E., & Marincic, M (2025). Health Co-Benefits and Low-Income Residential
Weatherization in the United States (DRAFT).

37
NMR —— Three? UNIVERSITY OF MICHIGAN




