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Executive Summary

INTRODUCTION

This report presents findings from both the Heat Pump Market Effects Indicators Baseline study
(“Baseline study,” MA22X06-B-HPMEIB) and the Interim Heat Pump Market Effects Indicators
study (“Interim study,” MA23X18-B-INTERIMHP).

In the 2019 — 2021 term, the PAs began actively promoting and incentivizing heat pumps
specifically to support the displacement of delivered fuels for space and water heating. Under the
2022 — 2024 Energy Efficiency Plan, the PAs began investing substantially in heat pump market
transformation by offering much more generous heat pump incentives than before, expanding the
incentives to heat pumps that replace gas-fired heating systems, ending incentives for central air
conditioning, and undertaking other activities meant to bring about changes in the Massachusetts
markets for residential and C&l heat pumps. This enhanced program support, which began in
2022, is intended to generate market effects that will lead to the long-term goal of shifting the
Massachusetts markets for heating and water-heating equipment to favor heat pumps. (Per
Massachusetts’ Action Plan for Measuring Market Effects,’ “market effects are sustained
increases in the adoption and penetration of energy-efficient technologies and practices that result
from structural changes in the market and in behaviors of market actors that are induced by a
market intervention.”)

The goals of the Baseline study were to develop an approach to quantifying any market effects
that may accrue from the PAs’ activities in the Massachusetts’ heat pump markets since the start
of 2022 and to gather the baseline information needed for a future study to quantify market effects
and assess attribution. The goals of the Interim study were to measure progress made in 2022
towards market effects and to assess traditional NTG from participating residential customers;
these measurements are meant to establish a floor for market effects from the first year of the
program and provide context for considering the implications of these effects and the underlying
components of NTG for heat pump market effects factors for PY2025 — PY2027.

METHODS

The results presented are derived from interviews and surveys of manufacturers, distributors,
installers, participating C&l and residential customers from PY2021, and participating residential
customers from PY2022, as well as program tracking data and secondary sources.

Estimating market-level changes is inherently challenging, as there are no authoritative sources
of comprehensive sales data. The NMR Team has assembled information from multiple sources
and developed estimates using multiple methods. We present the estimates that we believe are

"NMR Group. 2019. Action Plan for Measuring Market Effects. Document prepared for the Massachusetts Electric
and Gas Program Administrators. February 15. https://ma-eeac.org/wp-
content/uploads/Action_Plan_Measuring_Market Effects FINAL 2019.02.15.pdf. Page 1.
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most reliable, along with our rationale. We anticipate further discussions with the reviewers on
these methods and sources as we finalize the findings.

KEY FINDINGS

Note the more detailed key findings are presented in 2. Key Findings & Discussion.

RESIDENTIAL MARKET SIZES, PROGRAM PENETRATION, AND MARKET CHANGES
(2021 — 2022)

Table 1 presents 2021 Massachusetts statewide sales shares for residential space heating,
central cooling?, and water heating equipment. Estimates are provided by equipment type in both
units sold and total capacity (tons).® The table also shows 2021 program penetration rates into
the market for heat pump equipment, percentage change in program-supported units from 2021
to 2022, and distributor-reported change in heat pump sales.* Numbers of program-supported
systems in 2021 and 2022 are shown in Figure 1. Number of program-supported systems
compared to total market estimates and estimates of cold-climate heat pumps are shown in Figure
2.

2 Central cooling systems include central air conditioners, ducted heat pumps, and ductless heat pumps.

3 Ducted and ductless heat pumps have a cooling and heating capacity rating based on ambient temperatures. Market-
level capacity estimates are based on equipment capacity data from program tracking data, which provides only the
cooling capacity information for heat pumps. While cooling capacity is assumed to be equivalent capacity for heating
at 47°F, the capacity of heat pumps decreases in cooler ambient temperatures. The evaluation Team notes in the Key
Findings section that there is no clear conversion for cooling capacity to heating capacity, especially for heating capacity
at cooler temperature ratings (e.g., 17°F and 5°F), and this limitation is further discussed in Section 2.5 and Section
6.3.2.

4 Ground- and water-source heat pumps currently represent a negligible market share and were excluded from market
sizing.

NMR ——= (m]remarec
e DNV @ ’



MA22X06-B-HPMEIB & MA23X18-B-INTERIMHP JOINT FINAL REPORT

Table 1: 2021 Massachusetts Market-level Sales, Program Penetration, and Market

% Of Space Or
Water Heating
Sales

Residential Equipment

Type

Ducted Air Source Heat
Pumps

Cold-climate ducted
ASHPs

Other ducted ASHPs

Ductless Air Source Heat
Pumps

Cold-climate ductless
ASHPs

Other ductless ASHPs

Central Air Conditioners

Fossil Fuel-fired Heating

Heat Pump Water Heaters

Fossil Fuel-fired & Electric
Resistance Water Heaters

Unit

Changes of Residential Equipment

% Of Space
Heating -
Excluding
Cooling-
Only HP

% Of Space
Cooling
Sales

Increase
in HP
Sales
2021-
2022

Increase In
Program-
Supported
Units 2021 -
2022

2021
Program
Penetration

- All HP
Systems

Ton Unit Ton Unit | Ton

5% 3% 5% 3% 6% 8% 34% 123% 10%
14%
8%

20% 9% 17% 8% 27% 24% 37% 34% 34%
31%
40%

66% 68%
75% 88% 78% 90%

2% 40% 38% 41%

98%

Figure 1: Residential Program-Supported Air- and Ground-Source Heat Pump
Systems & Units of Heat Pump Water Heaters, 2021 & 2022 (excluding new

20,000
18,000
16,000
14,000
12,000
10,000
8,000
6,000
4,000
2,000

DNV

construction)
18,862

14,125

6,737
3,018
1, ‘196 1,648
12 77
Ducted ASHP*  Ductless ASHP* HPWH GSHP
m2021 m2022
T | TETRA TECH 4




MA22X06-B-HPMEIB & MA23X18-B-INTERIMHP JOINT FINAL REPORT

* We define a heat pump or central air conditioning system by the number of compressors. Our understanding is that
the program tracking data reports the number of compressors. Program-supported ASHPs includes 1,106 undefined
or custom heat pumps in the PY2021 program penetration counts for ducted and ductless ASHPs, allocated based on
the proportion of program-supported units (18% ducted and 82% ductless). An additional 693 are included in PY2022
counts. However, the Team notes that these custom or undefined systems may be larger equipment, such as VRFs,
installed in multifamily buildings.

Figure 2: 2021 Units of Residential Program-supported Systems Compared to MA
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Market Sales
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Cold-climate MA Market Sales Based on Distributors' CC estimates
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*Program-supported ASHPs includes 1,106 undefined or custom heat pumps in the program penetration counts for
ducted and ductless ASHPs, allocated based on the proportion of program-supported units (18% ducted and 82%
ductless). However, the Team notes that these custom or undefined systems may be larger equipment, such as VRFs,
installed in multifamily buildings.

Heat pump sales shares and trends

DAV

Ductless and ducted heat pumps comprised about one-fifth of the residential space
heating market in terms of units sold in 2021 but represented only one-tenth of heating

capacity.

In 2021, heat pumps accounted for about one-third of the residential central space cooling
market in terms of both units and total capacity sold in Massachusetts.

Ductless and ducted heat pumps have a larger cooling market share than heating share.
Ducted heat pumps represent a small portion of both the cooling market (6% and 8%) and
the heating market (5% and 3%) in terms of systems and capacity. This indicates a large
growth potential is available for this equipment over the next several years.

While residential heat pumps have seen some mainstream market traction, especially for
cooling, overall market shares appear to have remained relatively low in 2022.
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Heat pump program penetration and directions

¢ In 2021, program-supported residential ducted heat pumps accounted for one-third of the
total ducted market and nearly three-quarters of all cold-climate ducted units sold.
Program-supported residential ductless systems made up over one-third of all ductless
sales and over half of cold-climate ductless units sold.

e Faster growth of non-cold-climate ductless heat pump appears outside of the programs,
likely for cooling-only purposes. This highlights further potential for displacing central air
conditioner sales while underscoring the need to promote full/partial heating displacement
with contractors, distributors, and customers. Educating stakeholders about efficient cold-
climate models can help avoid missed heating conversion opportunities in the future.

e In-program heat pump adoption is substantially higher among non-low- or moderate-
income (non-LMI) households than among moderate- and low-income households. In-
program heat pump adoption is higher among moderate-income households than among
low-income households. This is to be expected given that in 2021 the B1a Income Eligible
initiative did not support heat pumps for income-eligible customers living in gas-heated
homes, and in 2022.

e The sizeable remaining potential for displacement and continued post-2021 growth
highlight programs’ opportunity to further drive heat pump adoption for space conditioning.

¢ Central air conditioners still dominated the market, highlighting the remaining potential to
displace more sales and installations with efficient heat pumps for both cooling and
heating applications.

¢ While total residential heat pump water heater (HPWH) market penetration was low in
2021, at 2%, strong alignment between reported sales increases and program unit growth
points to heavy and growing program influence on this emerging technology market.

COMMERCIAL MARKET SIZES, PROGRAM PENETRATION, AND MARKET CHANGES
(2021 — 2022)

The C&lI market analysis is based on C&l customers and includes residential-duty equipment
installed in commercial locations. Table 2 presents 2021 Massachusetts statewide sales shares
by capacity for C&l space heating, central cooling®, and water heating equipment. Below, we
summarize key quantitative findings related to commercial market sizes, program penetration,
and changes from 2021 to 2022. Numbers of program-supported systems in 2021 and 2022 are
shown in Figure 1.

5 Central cooling includes ducted heat pumps, ductless heat pumps, VRFs, and non-heat pump cooling (split, or unitary,
and direct expansion). The cooling analysis excludes chillers.
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Table 2: 2021 Massachusetts Market-level Sales, Program Penetration, and Market
Changes of C&l Equipment
% of 2021
% of Space
2021 Heating
Space or Capacity Increase

Water Sales — % of Increase in in HP
Heating excluding Space 2021 Program sales
Capacity cooling- Cooling Program Participation 2021 -
Equipment Type Sales only HP Sales Penetration 2021 - 2022 2022

Space Conditioning

Ducted Air Source Heat

Pump systems (air-to-air

only) — Split, Unitary, or

Packaged 1% 1% 3% 13% 347% 40%
Ductless Air Source Heat

Pump systems (air-to-air

only) 0% 0% 1% 13% 347% 42%
Air Source VRF systems
(air-to-air only) 3% 1% 9% 46% 1% 45%

Air Conditioning systems

using direct expansion (dx)

cooling (non-heat pump,

split, or unitary, excludes

chillers) 88%
Fossil Fuel-fired Heating

systems (all combined,

including combi boiler

systems 96% 98%

Water Heating
Heat Pump Water Heaters 1% 0% o o

Fossil Fuel-fired & Electric

Resistance Water Heaters

— Storage and

instantaneous (excludes

indirect water heaters) 99%

* The count of program-support C& HPWHSs increased from 0 in 2021 to 20 in 2022

** 77% of interviewed C&l water heat installers indicated their companies started selling HPWHs in 2022 or later

NMR —_— @ TETRA TECH 7
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Figure 3: Units of C&l Program-supported Heat Pump Systems & Heat Pump
Water Heaters, 2021 & 2022 (excluding new construction)

m2021 m2022

1200 1,046
1000 886
800 684
600
399
400
234
200 172
] o m >
0 |
ASHP (central, RTUs, VRF Ground source Water source Heat Pump Water
mini-splits) Heater

Note: Per the 2021 KPI #3 in the statewide report, there was a total of 1,011 C&l heat pump installations, while there
was a total of 1,018 C&l heat pump installations in the program data the NMR Team received when looking at the same
BCR IDs cited in KPI #3. After removing records installed in new construction, the 1,018 C&l heat pump installations
decreased to 926, shown in the chart above.

Heat pump sales shares and trends

e The C&l space conditioning heat pump market in 2021 was much smaller than the
residential heat pump market.

o The vast majority of C&l ducted and ductless ASHPs installed in 2021 were residential-
duty systems, and all commercial-duty space conditioning heat pumps were VRFs.

¢ VRFs comprised the majority of C&l heat pump capacity installed in 2021 (69%) but ducted
ASHP represented the majority of units sold (53%).

e Market actors indicated that their sales of heat pumps for space conditioning increased
from 2021 to 2022.

o The C&lI HPWH market was near zero in 2021.

Heat pump program penetration and directions
e Program penetration in 2021 was relatively low for ducted and ductless (13%) ASHPs in
2021, while VRF penetration was higher (46%).
e Program participation increased significantly in 2022 after the restructuring of the Mass
Save heat pump support and the increase in heat pump incentives.
e Sales of HPWHs increased from 2021 to 2022, after Mass Save heat pump incentives
increased and moved upstream.

PARTICIPATING MARKET ACTORS’ SHARE OF TOTAL MARKET ACTIVITY

o The participating distributor population accounts for the vast majority of total market
activity in Massachusetts in 2021 and 2022.

NMR —_— TETRA TECH
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e The participating installer population accounts for at least 75% of total residential market
activity in Massachusetts in 2021 and 2022. The NMR Team could not develop a similar
estimate for participating installers’ share of commercial equipment installations.

ATTRIBUTION

Qualitative Evidence of Attribution to Residential and C&I Program Support

Progress Towards Expected Outcomes in the Market

Theory-based evaluation is a fundamental part of the planned approach to quantifying market
effects from the PAs’ support for heat pumps that was developed as part of the Baseline study.
Theory-based evaluation assesses programs according to the program Team’s predefined theory
of how and why the program should work (the “program logic”). It involves gathering evidence of
changes in market actor and customer behavior, attitudes, etc., that are expected to result from
the program activities and ultimately to lead to market effects, as predicted in the program theory
or logic model. If evaluation finds sufficient evidence of the effects on the market that the program
theory posits, the theory-based approach makes it possible to build a credible case that market
effects measured in a future quantitative study have occurred because of program activity. If the
direction of changes in indicator values between 2021 and 2022 generally track with expectations
per the program theory, it can serve as early evidence that the changes in the market are due at
least in part to the PAs’ support for heat pumps.

In keeping with this approach, the Team measured baseline (i.e., 2021) values of indicators of
the qualitative market effects expected from PA support for heat pumps and also measured
changes in values from 2021 to 2022 for as many of the indicators for each sector’'s markets as
was practical.® Table 3 shows the outcomes expected in the residential space conditioning and
water heating markets for which the evaluations measured both 2021 and 2022 values, or asked
respondents about changes in their practices between 2021 and 2022, and Table 4 shows this
information for commercial and industrial water heating markets. Note that these tables do not
show the complete lists of outcomes and associated indicators for each sector, only those for
which it is possible to assess changes from baselines. See 5 Market Effects Indicators for
complete lists of outcomes and associated indicators measured for each market.

The evaluation measured changes between 2021 and 2022 for 14 of 20 expected outcomes
from the PAs’ support for residential heat pumps.” For 12 of these outcomes, the direction
of changes in one or more of the indicators increased as theorized.

The evaluation measured changes between 2021 and 2022 for five of 12 expected
outcomes from the PAs’ support for commercial and industrial heat pumps. For four of

6 Compared to the PAs’ support for residential heat pumps, changes to their support for commercial heat pumps began
later and heat pump adoption has been considerably slower among C&l customers. Given this, the evaluation focused
measuring changes since the 2021 baseline on the residential rather than commercial equipment markets.

7 Note that two of these 14 outcomes, B and T, share one indicator.

NMR — TETRA TECH
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these five outcomes, the direction of changes in the indicator measured increased as
theorized. The fifth showed a possible upward trend.

That the indicators of these outcomes have changed in the predicted direction serves as
preliminary evidence that the changes in the markets from 2021 to 2022 are due at least in
part to the PAs’ support for heat pumps. The evidence for attribution is particularly strong
for residential heat pumps, for which there are indicators showing changes in participating
customer decision-making and behaviors between 2021 and 2022.

o Market actors indicated that the program is partially responsible for the growth in both
residential and commercial heat pump sales from 2021 to 2022.

o Distributors indicated that, since 2021, they had increased supply chain resources devoted
to both residential and commercial heat pump markets partially due to the programs.

¢ Market actors indicated that the number of heat pump trainings and the attendance at heat
pump trainings increased partially due to the program and that the program influenced the
topics at trainings.

e The percentage increase in program-supported Residential and C&l equipment in the
tracking data are larger than the market actor-estimated percentage increases in overall
heat pump sales for each respective market.

NMR —— TETRA TECH
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Table 3: Changes in Residential Market Effects Indicators from 2021 to 2022

Outcomes

Indicators

Short Term

Direction
of Change

Percentage of customers aware of heat pumps that learned

A1 |about heat pump by type through channels associated “
A directly with Mass Save
Increased customer awareness and Percentage of customers with ASHP/GSHP who indicated
understanding of ASHP/GSHPs/HPs and A2 |that contractors advised them on importance of f
weatherization, and associated benefits of weatherization prior to installation
both Percentage of customers aware of heat pumps that both
A3 |heat and cool; percentage of customer aware of heat f
pumps for water heating
B
Customers are satisfied with heat
pumps/Customers entering heating or B1 |Percentage customer satisfaction/Net Promoter Score “
water heating market hear positive
reviews from customers with HPs
C
Increased availability of HP C1 |Rates of attendance at manufacturer-offered trainings f
training/certification
Medium Term
D
Inc;iaizgtr;uun:ntg :;dcf:]:)rsftz)r:setrs;ned D1  [Number of program-trained installers by heat pump type f
weatherization
Contractors & duc(:te customers on Same as A2: Percentage of customers indicating that
. . G1 (A2) |ASHP/GSHP contractors advised them on importance of See A2
weatherization as needed and install HPs . ) . .
weatherization prior to installation
correctly
H
High contractor confidence in ability of Ho Percentage of participants opting for full versus partial f
HPs to meet all customer displacement
heating/cooling/water heating needs
Shifts in distributor inlventory and stocking " Number of distributors. indicating a change in stocking '
. and/or inventory practices to accommodate heat pumps
practices
J . Number of heat manufacturers indicating an increase in
Increased supply chain resources J1 trainings f
devoted to MA heat pump market
L1 Percent of customers indicating they weatherized their f
L home in anticipation of or along with heat pump installation
Increased customer demand for heat Percentage of customers indicating they weatherized their
pumps and concurrent weatherization L2 home in anticipation of or along with heat pump installation, “
measures after interacting with heating comparison calculator or
consultations with installers
Contractors increasinMeg recommend HPs M2 Rate of participant customers reporting that cgntractor f
. . recommended ASHPs/GSHPs for heating
for heating/water heating
o o1 Percentage of contractors who started installing HPs in f

New heat pump market entrants

2022 or later

B E—— @ TETRA TECH
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Table 3 Continued

. Direction
Outcomes Indicators
of Change
Longer Term
Proportion of heat pump customers indicating a high level
S1 . )
s of reliance on HPs for heating

Proportion of heat pump customers indicating a high
relance for both heating and cooling

Percentage of participants opting for full versus partial
displacement (same as H2)

Customer perception of home comfort when heating with
heat pumps (measured as B1, Percent customer
satisfaction/Net Promoter Score)

W1 Percentage of program-trained installers located in

w disadvantaged communities

Equity W2 Percentage of program-supported units installed in market-
rate units versus percent installed in low-income units

High customer reliance on AS/GS HP for S2
both heating and cooling

"

S3 (H2

-~

T

Market satisfaction with heat pumps T (B1

wn
@
[0
vy)
i

i

Table 4: Changes in C&l Market Effects Indicators from 2021 to 2022

Outcomes Indicators Direction
of Change
Medium Term

I Number and percentage of distributors (out of those that received program
stipend for sales data) indicating a change in stocking and/ or inventory
practices to accommodate ASHPs, VRFs, GSHPs, WSHPs and HPWHs for
C&l applications.
Number and percentage of ASHP, VRF, and GSHP manufacturers (out of
J1 those interacting with the PA staff/implementers) indicating an increase in
trainings for C&l purposes
Number and percentage of distributors (out of those that received
program stipend for sales data) indicating a change in stocking and/ or

Shifts in distributor inventory I
and stocking practices

J
Increased supply chain
resources devoted to MA

5 9

heat pump market J2 inventory practices to accommodate ASHPs, VRFs, GSHPs, WSHPs
and HPWHs for C&l applications
o1 Number and percentage of C&l contractors who started installing heat
pumps in 2022 or later
o Number and percentage of C&l ASHP, VRF, GSHP, WSHP and
New heat pump market 02 |HPWH trained contractors indicating heat pumps are a certain Baseline only
entrants percentage of their business
03 Numbe{' a_nd perceqtage of distributors that first started keeping heat Baseline only
pumps in inventory in 2022 or later
Long Term
Percentage of program-incentive-eligible sales out of total sales by Possible
Q Q1 technology type upward trend
Increased customer
preference for Q2 |Proportion of C&l customer preference for ASHPs, VRFs, GSHPs, Baseline only

ASHP/GSHP/HPWH over
non-HP heating and cooling
or water heating equipment Q3

WSHPs, and HPWHSs over non-HP C&l heating and cooling equipment
Proportion of installations that are ASHP, VRF, GSHP, WSHP, or
HPWH out of all reported installations

Baseline only

Other Causal Factors in 2021 and 2022

In 2021 and 2022, there was little support for residential or C&l heat pumps outside of the PAs’
offerings via Mass Save. For the first half of 2021, the Mass CEC pilot program provided support
for residential heat pumps in existing and new construction homes served by natural gas, after
which it ended. Distributors were not aware of any program support other than Mass Save that
was available at the time.

NIVIR ——— TETRA TECH
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Residential Counterfactual Sales and Installations and NTG Estimates

o Market actors indicated that their 2021 residential sales or installations of cold-climate air
source heat pumps and of heat pump water heaters across the entire Massachusetts
market would have been 43% to 47% lower absent the program.

¢ Manufacturers indicated that, from 2021 to 2022, their sales of residential air source heat
pumps to Massachusetts grew at 1.6 times the rate of those to Ohio, and that they sold
no residential heat pump water heaters to Ohio at all in 2022.

o In 2022 the programs did more to accelerate heat pump purchase timing than in 2021.

Table 5 shows the 2022 residential savings-based NTG ratios.

Table 5: 2022 Residential NTG Estimates

Heat Pump Type 2022 Savings-based
Free-ridership Participant Spillover
Ducted ASHP 0.20 0.00 0.80
Ductless ASHP 0.26 0.07 0.81
Ground Source Heat Pumps 0.26 0.00 0.74
HPWH 0.36 0.00 0.64

Commercial Counterfactual Sales and Installations

e Market actors indicated that 2021 C&l sales and installations of cold-climate ASHPs and
VRFs across the entire Massachusetts market would have been about 40% lower without
the program.

e Manufacturers indicated that their sales of commercial-duty cold-climate ducted and
ductless air source heat pumps in Ohio grew less than those in Massachusetts.

e The C&l HPWH market was near zero in 2021 and thus the program would have had little
impact that year.

Future Expectations for IRA

¢ Expanded tax credits became available in January 2023 and continue through the end of
2032. IRA heat pump rebates for low- and moderate-income households will not be
available until autumn 2024 or later.

e Manufacturers said their expectations for the IRA were driven by states like
Massachusetts having a built-up and active heat pump work force that can better take
advantage of and promote the IRA. The braiding of IRA funds with PA programs will allow
the PA heat pump offerings to amplify their impact, but co-mingling funds will require
careful consideration for the attribution of heat pump adoption to the PA support for heat
pumps versus IRA rebates and tax credits.

NVIR —— TETRA TECH
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KEY LIMITATIONS AND SOURCES OF UNCERTAINTY

¢ Since there was no way to identify the entire population of market actors, extrapolating the
findings to the entire population had to rely on some assumptions and is subject to
uncertainty.

e The variation in the types and volume of equipment sold or installed across market actors
makes it difficult, if not impossible, to achieve a sample sufficiently representative of all
equipment types.

e Markets actors could not always provide the data requested due to differences in data
tracking versus what the survey asked, among other reasons.

e The sales and installation estimates and other results from primary data collection with
distributors and installers are only from participating distributors and installers. Thus, they
may not represent the entire Massachusetts market, especially for the equipment types
more likely to be sold or installed through non-participating distributors and installers, such
as large C&l equipment.

e In 2021 there was no industry standard definition for commercial-duty cold-climate air
source heat pumps or VRFs.

e Neither the study nor the program tracking data consistently collected information
separately for heating and cooling capacity. This includes heating capacities at various
ambient temperatures (e.g., 47°F, 17°F, and/or 5°F).

e The study did not capture changes in the sales or installations of equipment other than
heat pumps from 2021 to 2022.

SUMMARY OF APPROACH TO FUTURE STUDIES TO TRACK MARKET PROGRESS AND
QUANTIFY MARKET EFFECTS

Recommendation: Per the approach summarized below and described in more detail in
Key Findings & Discussion, the PAs should undertake annual studies to track market
effects indicators and size the space conditioning and water heating markets, and every
third year also quantify market effects from the PAs’ support for heat pumps per the
guidance laid out in the market effects quantification approach memo.

Except for the study to be conducted in 2024, each of the studies we propose would collect data
from participating distributors, participating installers of residential and of C&l equipment, and
participating residential and C&l customers.® Annual studies will also analyze program tracking
data when available, update program tracking activity data, and incorporate heat pump cost data
from the review of invoices for the prior year to track trends in heat pump equipment and non-
equipment costs over time. The Evaluation Team will design the studies with the goal of delivering
information on the previous years’ participants and markets before the end of the subsequent
year, along with information on perceptions and practices from supply-side actors for the year the

8 The timing to begin planning for the 2024 market effects indicators and market sizing study is such that the Evaluation
Team cannot collect and analyze data from all the groups and report results by the end of 2024. To deliver results in
2024, this year’s study will exclude residential customers and C&l installers from the data collection.

NVIR —/———— TETRA TECH
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study is conducted and delivered. For example, a study delivered in 2025 would have information
about 2024 program activities, participants, and market size, along with 2025 supplier perceptions
and practices.

For each group of survey respondents,

¢ the annual studies would replicate a subset of questions from the Baseline study to meet
the studies’ goals of tracking key market effects indicators and sizing the markets for the
previous year. They would include adjustments to obtain more explicit estimates of fossil
displacement rates and other adjustments to reflect lessons learned from the Baseline
study.

o the 2026 and 2029 studies would include the same questions as the annual studies, but
would replicate additional questions from the Baseline study needed to quantify market
effects per the quantification approach memo in Appendix G. These questions may be
modified to reflect current policy considerations. This aligns with PAs’ three-year energy-
efficiency planning cycles so that results are available for inclusion in the three-year plan.

The numbers of participating distributors and commercial installers are relatively small, with many
demands on their time. To facilitate obtaining data from these market actors, the Evaluation Team
proposes that PAs work with implementers and the Evaluation Team to establish panels of
distributors and commercial installers willing to provide sales and other data on a regular cadence,
with Evaluation Team support. For more information about the proposed future studies, see 2.6
of Key Findings & Discussion.

INSIGHTS AND CONSIDERATIONS FOR PROGRAMS

Below we summarize at a high level considerations for programs based on the research. For
supporting information, see 2.7 in Key Findings. For additional insights of interest to programs,
see the data collection findings memos presented in Appendices C through F.

Residential Central Heat Pump Performance and Rates of Displacement

Results of the 2022 residential participant survey suggest that there higher rates of customers
may be installing backup heating systems to use with program-supported ducted heat pumps than
the program tracking data alone would indicate.

Consideration: It may be prudent to examine more closely participants’ experiences with ducted
heat pumps and with adding backup heating after installing a program-supported ducted heat
pump.

C&l Installer Training Opportunities

e Performance issues with heat pumps are not uncommon.
Consideration: Continue offering PA support for installer training. In addition, consider
developing a feedback mechanism through a Mass Save heat pump quality assurance

process(es) to offer installers feedback or training on heat pump installations when installation
issues are caught.

NIVIR ——— TETRA TECH
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e Those installers who had a limited engagement with heat pump installations are
infrequently using or using limited detail for load modeling to size the heat pumps for C&l
applications.

Consideration: Reuvisit training curricula or class topics to ensure load modeling calculation best
practices are integrated into Mass Save heat pump training opportunities.

e Now may be a good time to offer HPWH training.

Consideration: Connect with HPWH manufacturers to learn more about HPWH product
development and offerings for C&l purposes. Leverage that insight to connect HPWH installers
with either manufacturer-led or Mass Save HPWH training opportunities. Also consider offering
an HPWH-specific class through the Mass Save Energy Efficiency Center.

Program Data Tracking

¢ Comprehensive and consistent data tracking is vital to evaluate program performance,
measure market effects, and assess progress towards decarbonization goals. Incomplete
tracking data limits evaluation’s ability to provide insights into inform program activity and
structure as markets evolve.

Consideration: Include variables for heating and cooling capacity and efficiencies at different
ambient temperatures (e.g., 47°F, 17°F, 5°F), obtained from the equipment model numbers listed
in the programs’ qualified heat pump list. Alternatively, the program could provide a database with
model numbers and key capacity data to evaluate this information without increasing
administrative costs. Additional considerations include adding distinct variables for capacity
(BTU/hour) and for number/quantity of units installed, and if possible, implementing a unique
customer ID variable consistent across multiple installations for the same customer/address.
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Section 1 Introduction

This document is the joint final report of the Heat Pump Market Effects Indicators Baseline study
(“HPMEI Baseline study,” MA22X06-B-HPMEIB) and the Interim Heat Pump Market Effects
Indicators study (“Interim study,” MA23X18-B-INTERIMHP).

The Evaluation Team (the Team) comprised

¢ NMR Group, Inc., which led the residential portions of these studies
o DNV, which led the Commercial and Industrial (C&l) portions
e Tetra Tech, which collected survey data for both these studies.

The work was performed for the Massachusetts Program Administrators (PAs)® under the
auspices of the Cross-Cutting Market Effects/Net-to-Gross evaluation contract.

This report comprises both this document and a series of appendices. In this document, the Team
presents

¢ Key findings, including a discussion and synthesis of results from the studies and related
recommendations and considerations (Key Findings & Discussion)

¢ A summary of the research methodology at a high level (Methodology)

e A summary of the extent to which in 2022 and 2023 the PAs undertook the program
activities described in the heat pump program theory and logic models (Program Activity
Indicators Since Changes Implemented in 2022)

o Estimates of the sizes of Massachusetts markets for residential and commercial space
conditioning and water heating markets in 2021 and 2022 (Market Effects Indicators )

e Program penetration in 2021 and 2022 (Program Penetration)

e Multiple measurements of attribution and a synthesis of attribution results (Attribution)

e Measurements of indicators of changes in the markets, or market effects, expected due
to the program interventions (Market Effects Indicators )

In a separate document, the appendices present

e The logic models and summaries of the program theory (Appendix A)

e Detailed measurements of program activity (Appendix B)

e A series of memos delivered to the PAs in 2023 detailing the results of data collection with
manufacturers, distributors, installers, and customers, including process-related
information and findings (Appendices C through F)

e The memo describing the approaches to quantifying market effects in a future study
depending on the types of data ultimately collected in the HPMEI Baseline study, with a
note identifying which approach the Team expects to take in the future quantification study
(Appendix G)

9 The PAs comprise Berkshire Gas, Cape Light Compact, Eversource, Liberty Utilities, National Grid, and Unitil.
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e A summary of support for heat pumps offered by the Inflation Reduction Act (IRA) and
progress made to date implementing this support (Appendix H)
o Estimates of 2021 market-level NTG ratios (Appendix )

1.1 GOALS

Per Massachusetts’ Action Plan for Measuring Market Effects,' “market effects are sustained
increases in the adoption and penetration of energy-efficient technologies and practices that result
from structural changes in the market and in behaviors of market actors that are induced by a
market intervention.” The goals of the HPMEI Baseline study were to develop an approach to
quantifying any market effects that may accrue from the PAs’ activities in the Massachusetts’ heat
pump markets, and to gather the baseline information needed for a future study to quantify market
effects and assess attribution. The goals of the Interim study were to measure progress made in
2022 towards market effects and to assess traditional NTG from participating residential
customers; these measurements are meant to establish a floor for market effects from the first
year of the program and provide context for considering the implications of these effects and the
underlying components of NTG for heat pump market effects factors for PY2025 — PY2027.

Table 6 shows the equipment for which the Evaluation Team requested sales and installation
estimates and other information from market actors, by end-use, type, and capacity. The types
were chosen to minimize the number of equipment types for which the Team had to request
information. Note that the table does not include ground-source heat pump systems (GSHPs),
air-to-water heat pumps, or packaged terminal heat pumps (PTHPs). For more information about
the rationale behind this equipment choice, see Appendix G.

Table 6: Equipment Types Examined

Equipment Type Residential & Commercial Duty
Residential-Duty
Commercial
Heat Pump Equipment
1 Ducted Air Source Heat Pump <54 Tons, < 65 2 5.4 Tons, 2 65 kBtu/hr
Systems (air-to-air only) — Unitary kBtu/hr
or Packaged and Split, combined
2 Ductless Air Source Heat Pumps <54 Tons, <65 2 5.4 Tons, 2 65 kBtu/hr
(air-to-air only) kBtu/hr
3 Heat Pump Water Heaters Residential-duty Commercial-duty
4 Variable Refrigerant Flow (VRF) N/A All sizes

Air Source Heat Pumps
Other Heating, Cooling, or Water Heating Equipment

5 Central Air Conditioning (all kinds) <5.4 Tons, <65 kBtu/hr 25.4 T, 265 kBtu/hr

0 NMR Group. 2019. Action Plan for Measuring Market Effects. Document prepared for the Massachusetts Electric
and Gas Program Administrators. February 15. https://ma-eeac.org/wp-
content/uploads/Action_Plan_Measuring_Market Effects FINAL 2019.02.15.pdf. Page 1.
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Equipment Type Residential & Commercial Duty
Residential-Duty
Commercial
6 Fossil fuel-fired heating systems  boilers <300 kBtu/hr,  boilers 2300 kBtu/hr, gas-fired hot air
(all combined) furnaces <225 kBtu/hr = 225 kBtu/hr
7 Fossil fuel-fired water heaters & Residential-duty Commercial-duty

electric storage water heaters

1.2 BACKGROUND

Although the PAs have offered incentives for heat pump measures for many years, the 2019 —
2021 term was the first time that the PAs began actively promoting and incentivizing heat pumps
specifically to support the displacement of delivered fuels for space and water heating. Under the
2022 — 2024 Energy Efficiency Plan, the PAs began making a substantial investment in heat
pump market transformation by offering much more generous heat pump incentives than before,
expanding the incentives to heat pumps that replace gas-fired heating systems, ending incentives
for central air conditioning, and undertaking other activities meant to bring about changes in the
Massachusetts markets for residential and C&l heat pumps.

With program theory and logic models, the PAs documented how this enhanced program support,
which began in 2022, is intended to generate effects in the markets that will lead to the long-term
goal of shifting the Massachusetts markets to favor heat pumps for heating and water-heating
equipment. Program support is intended to build customer awareness and acceptance for heat
pumps. To this end, as explained in detail in the PAs’ Heat Pump Support Program Theory
document,’ the PAs undertake activities designed to affect decision-making across the C&l and
residential heating and water-heating supply chain, from producers to consumers. The decision
makers include manufacturers, distributors and retailers, installation contractors, and customers.
Among these target audiences, the program support aims to:

1. Increase customer awareness and acceptance of heat pumps for space heating and water
heating, and customer understanding of the need to appropriately weatherize homes or
buildings before installing a heat pump system, especially for whole-home heating'2.

2. Offer education on heat pump equipment operation to C&l customers opting for custom
incentives.

3. Facilitate installation contractors obtaining the training they need to size and install heat
pumps correctly and to understand the importance of appropriately weatherizing the
homes or buildings where they install.

" Heat Pump Support Program Theory, internal PA document, originally drafted by PAs in March 2022 and revised by
Team in July 2022.

2 Through Mass Save, the PAs currently require proof of adequate weatherization to qualify for the residential full-
displacement heat pump systems rebate, and encourage, but not require proof of, adequate weatherization to qualify
for the C&l or residential partial displacement heat pump systems rebates.
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4. Encourage manufacturers and distributors to increase their heat pump training and
certification offerings and routinely include information about Mass Save heat pump
program support in these trainings.

5. Encourage distributors and retailers to routinely stock and sell cold-climate heat pumps
for heating and heat pumps for water-heating.

In Appendix A, we present more information on the targeted heat pump activities the programs
undertake among these groups, and the logic models that predict how these activities are
expected to result in long-term outcomes in each market. At a high level, the expected long-term
outcomes are that:

o More customers will become aware of heat pumps for heating and water heating, their
benefits, and the importance of associated weatherization through marketing and
installation contractors; generous program rebates and other support will enable them to
choose a heat pump, installed in conjunction with weatherization as needed, despite the
higher upfront cost as well as the higher electricity rates in Massachusetts compared to
fossil fuels.

o Distributors and retailers will increasingly stock heat pumps for heating and water heating,
making them more readily available.

o New heat pump products will become available to meet C&l program and design
community needs.

e More installation contractors will be trained and certified in heat pump installation, thus
sizing and installing heat pumps correctly, gaining confidence in the equipment, and
educating customers about the need for appropriate weatherization when installing a heat
pump. This will result in satisfied customers who rely on heat pumps for most or all of their
heating and all of their water heating.

e These satisfied customers will provide word-of-mouth advertising for heat pumps.

o Customers will increasingly prefer heat pumps over competing systems for heating and
water heating. More customers will choose heat pumps, increasing demand for these
types of heat pumps and related installation services.

Table 7 presents a qualitative overview of how the PAs’ rebates and incentives for space
conditioning and water heating equipment offered under the Mass Save umbrella changed from
2021 to 2022. Table 8 and Table 9 show the changes in rebate and incentive values from 2021
to 2022 for these residential and commercial equipment types. These changes included:

e Substantially increasing the value of most rebates for residential and commercial air
source heat pumps

¢ Expanding all residential rebate opportunities to customers heating with natural gas, and
adding a rebate for ASHPs specific to moderate-income households

e Ending incentives for residential central air conditioning

¢ Ending downstream incentives for commercial and residential heat pump water heaters

e Adding midstream incentives for residential heat pump water heaters
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¢ Adding upstream incentives for commercial heat pump water heaters
Some additional changes included:

¢ Launching the Heat Pump Installers Network (HPIN) of trained/certified installers, and
requiring that installers participate in order to obtain incentives

¢ Increasing the cap on HEAT loans to finance buying the heat pumps and making
electrical upgrades needed to install them from $25,000 to $50,000

NMR = TETRA TECH
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Table 7: Mass Save Support for Selected Equipment Types 2021-2022"
Commercial

2021

2022

Residential

2021

2022

Ducted Air Source Heat
Pump systems (air-to-air
only) — Split, Unitary, or
Packaged

Ductless Air Source
Heat Pump systems (air-
to-air only)

Air Source VRF systems
(air-to-air only)

Heat Pump Water
Heaters

Air Conditioning

Systems (non-heat pump)

— Split, Unitary, or PTAC

Fossil Fuel-Fired
Heating (boilers & gas-
fired hot air)

Fossil Fuel Water
Heaters (storage and
instantaneous)

Rebates &

Rebates &

Upstream
incentives

Rebates

Rebates
Upstream
incentives

Rebates
Upstream
incentives

Rebates
Upstream
incentives

&

&

&

$$$ Rebates
& Upstream
incentives

$$$ Rebates
& Upstream
incentives

$$$ Rebates
& Upstream
incentives

$$%
Upstream
incentives
Rebates &
Upstream
incentives

Rebates &
Upstream
incentives

Rebates &
Upstream
incentives

* $$9% indicates substantial increase in rebate or incentive.

Ducted Air Source Heat
Pump systems (air-to-air
only) — Split, Unitary, or
Packaged

Ductless Air Source
Heat Pump systems (air-
to-air only)

Heat Pump Water
Heaters

Central Air Conditioners
(non-heat pump) — Split,
Unitary, or PTAC

Fossil Fuel-Fired
Heating (boilers &
furnaces)

Fossil Fuel Water
Heaters (storage and
instantaneous)

Rebates

Rebates

Rebates

Rebates

Rebates

Rebates

$$%
Rebates

$$$

Rebates

$$%
Midstream
incentives

Rebates

Rebates

Table 8 and Table 9 shows the PA incentives offered for residential and commercial heat pumps,
respectively, in 2021 and 2022 via Mass Save. Note that the residential incentives listed here are
only for the Residential Coordinated Delivery and Residential Retail initiatives. Also note while
heat pump water heat rebates were available in 2021, no commercial customers used heat pump
water heater rebates that year.
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Table 8: Mass Residential Equipment Incentives, 2021 & 2022

Equipment & Incentive 2021 2022
Type Incentive Additional Information Delivery Incentive Additional Information Delivery
ASHP (no fuel optimization)| $250/ton Depending on efficiency Downstream N/A N/A N/A
‘ o . $1.250 per ton, up to Mus’f be used to su;.)plemer?t pre-existing
Requires switching from delivered fuels heating system during heating season.
. ) . $10,000/home (Moderate . .
. or electric resistance heating. Homes . Homes are eligible regardless of heating
ASHP (Partial Home) $1,250/ton . - Downstream income: up to $16,000, or ; Downstream
heated with natural gas not eligible. . fuel type (except moderate income
s up 80% project costs, CLC . .
Requires integrated controls only) customers with gas heating). Integrated
y controls required.
. . . Must be used as the sole source of
Requires switching from delivered fuels ) . .
. ) - heating during heating season. Whole-
or electric resistance heating. Homes $10,000/home (Moderate home verification form required. Homes
ASHP (Whole Home) $1250/ton heated with natural gas not eligible. Downstream MU - quirec. Downstream
h A income: $16,000) are eligible regardless of heating fuel
Requires removal of pre-existing .
type (except moderate income
system, . .
customers with gas heating).
Heat Pump Water Heater $150-$400 Depending on efficiency, size, and fuel of Downstream $750 For installations in existing homes only. =~ Midstream
replaced water heater.
Szoo0tnksee OIS IEe S
GSHP (Partial Home) N/A N/A N/A income: $10,000 open loop, 1Y ) PP Downstream
pre-existing heating system during
$15,000, closed loop) ) .
heating season. Homes are eligible
Requires switching from delivered fuels Mu§t be usgd as sole source of heating
. . . during heating season. Whole-home
or electric resistance heating. Homes $15,000/home (Moderate verification required. Homes are eliible
GSHP (Whole Home) $2,000/ton heated with natural gas not eligible. Downstream income: $20,000 open loop, q L 9 Downstream
h - regardless of heating fuel type(except
Requires removal of pre-existing $30,000 closed loop) . .
moderate income customers with gas
system, )
heating).
Up to $500/indoor unit, Requwed to bg ellglblle for partial Up to $500/indoor unit, max Requwed to bg ellglblle for partial
Integrated Controls displacement incentives. Also offered Downstream displacement incentives. Also offered Downstream
max of $1,500 of $1,500
standalone. standalone.
Heat pumps must be used as the sole
Air to Water HP (Whole ReqU|re§ SW|t.ch|ng from d_ellvered fuels $10,000/home (Moderate source of heatlng .durl.ng heating season.
1250/ton or electric resistance heating. Homes downstream ) Whole-home verification form must be Downstream
Home) ; - income: $16,000) .
heated with natural gas not eligible. completed and signed. Homes are
eligible regardless of heating fuel type.
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Table 9: Commercial Equipment Incentives 2021 to 2022
Equipment Type

2021 Incentive 2022

Incentive

——— @ TETRA TECH
DNV

Ducted ASHP $250/ton NA Without integrated Downstream
controls, <5.4 tons

Ducted ASHP $1,250/ton $2,500/ton With integrated controls ~ Downstream

Ducted ASHP $50-112.5/ton $50-250/ton Depending on efficiency  Upstream
and size

Ductless ASHP $250/ton NA Without integrated Downstream
controls, <5.4 tons

Ductless ASHP $1,250/ton $2,500/ton With integrated controls  Downstream

Ducted or Ductless $50-112.5/ton $50-250/ton Depending on efficiency  Upstream

ASHP and size

VRF NA $3,500/ton Depending on efficiency  Downstream
and size

VRF $125-$175/ton $250-$350/ton  Depending on efficiency  Upstream
and size

HPWH $150-$600 unit NA Depending on size and Downstream
previous fuel type

HPWH NA $1,000/unit <=80 gallon, UEF >= Upstream
1,000

HPWH NA $2,200 unit 80-120 gallon COP>=3.6 Upstream
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Section2 Key Findings & Discussion

There is no specific heat pump program offered by the PAs. Instead, the PAs support heat pump
measures through multiple pathways. For simplicity, throughout this report, the term “program”
refers to the PAs’ support for heat pump measures offered through the various initiatives. A “unit”
refers to a system or piece of equipment, with air source heat pump systems counted by the
number of compressors. Note that, while the analysis is split between residential and commercial
markets by customer type since manufacturers and distributors do not have visibility into where
equipment is installed, they provided data by residential-duty and commercial-duty equipment
rather than by the type of customer. Residential analysis is typically shown in terms of units, while
commercial analysis is shown in terms of capacity. Throughout this document, we use the terms
“ducted air source heat pump” and “central air source heat pump” or “central heat pump”
interchangeably to refer to the same air source heat pump type.

2.1 RESIDENTIAL MARKET SIZES, PROGRAM PENETRATION, AND MARKET
CHANGES (2021 — 2022)

Table 10 presents 2021 Massachusetts statewide sales shares for residential space heating,
central cooling®, and water heating equipment. Estimates are provided by equipment type in both
units sold and total cooling capacity (tons). It also shows 2021 program penetration rates into the
market for heat pump equipment, percent change in program-supported units from 2021 to 2022,
and distributor-reported change in heat pump sales.' For more detail about the results presented
here, see Market Effects Indicators and Program Penetration. Figure 4 shows the numbers of
systems and units of air- and ground-source heat pumps and heat pump water heaters that the
residential programs supported in 2021 and 2022. Figure 5 shows how 2021 residential program-
supported heat pumps compare to total market-level estimates of cold-climate heat pump sales.

Table 10: 2021 Massachusetts Market-level Sales, Program Penetration, and
Market Changes of Residential Equipment

% Of Space
e - e Increase
Excluding Cooling 2021 Inrfrease In In HP
Program rogram Sales

; Participation
Penetration 2021-
2021 — 2021 2022

% Of Space Or
Water Heating

Residential Equipment Sales — All HP Cooling- Sales

Type Systems Only HP

Unit Ton Unit | Ton

Space Conditioning

13 Central cooling systems include central air conditioners, ducted heat pumps, and ductless heat pumps.
4 Ground- and water-source heat pumps currently represent a negligible market share and were excluded from market

sizing due to uncertainty. Section 6 provides details about counts of program-supported units.
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Ducted Air Source Heat

5% 3% 5% 3% 6% 8% 34% 123% 10%
Pumps
ASHggld-cllmate ducted 14%
Other ducted ASHPs 8%
g;‘f:;esss ST e S 20% 9%  17% 8% 27% 24% 37% 34% 34%
ASHggld-cllmate ductless 31%
Other ductless ASHPs 40%
Central Air Conditioners 66% 68%
Fossil Fuel-fired Heating 75% 88% 78% 90%
Heat Pump Water Heaters 2% 40% 38% 41%
Fossil Fuel-fired & Electric 98%

Resistance Water Heaters

Figure 4: Residential Program-Supported Air- and Ground-Source Heat Pump
Systems & Units of Heat Pump Water Heaters, 2021 & 2022 (excluding new
construction)

20,000 18,862
18,000
16,000
14,000
12,000
10,000
8,000 6,737
6,000
4,000 3,018

1,648
1, 196
2,000 . P

14,125

Ducted ASHP*  Ductless ASHP* HPWH GSHP
m2021 m2022

* We define a heat pump or central air conditioning system by the number of compressors. Our understanding is that
the program tracking data reports the number of compressors. Program-supported ASHPs includes 1,106 undefined
or custom heat pumps in the program penetration counts for ducted and ductless ASHPs, allocated based on the
proportion of program-supported units (18% ducted and 82% ductless). However, the Team notes that these custom
or undefined systems may be larger equipment, such as VRFs, installed in multifamily buildings.

DAV
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Figure 5: 2021 Units of Residential Program-supported Systems Compared to MA
Market Sales

45,000

40,000 38,409
35,000

30,000 25,413
25,000

20,000

15,000

10,000 8936
4,106
5,000 3,016 1196 3,009
: I — I

Ducted ASHP* Ductless ASHP* HPWH

14,125

B Program-supported Units
Cold-climate MA Market Sales Based on Distributors' CC estimates
H All MA Market Sales

*Program-supported ASHPs includes 1,106 undefined or custom heat pumps in the program penetration counts for
ducted and ductless ASHPs, allocated based on the proportion of program-supported units (18% ducted and 82%
ductless). However, the Team notes that these custom or undefined systems may be larger equipment, such as VRFs,
installed in multifamily buildings.

Ductless and ducted heat pumps comprised about one-fifth of the residential space
heating market in terms of units sold in 2021 but represented only one-tenth of heating
capacity. Ductless systems accounted for 17% of units but just 8% of capacity, while ducted heat
pumps made up less than 5% of units and 3% of capacity sold. Fossil-fueled systems still
dominated, comprising 78% of heating units and an even higher 90% of heating capacity sold.
Cold-climate heat pump share estimates are based on distributor interviews (46% of ducted and
66% of ductless heat pumps).'®

In 2021, heat pumps accounted for about one-third of the residential central space cooling
market in terms of both units and total capacity sold in Massachusetts. Ductless heat pumps
comprised 27% of units and 24% of cooling capacity, while ducted heat pumps comprised smaller
shares (5% of units and 8% of capacity). Central air conditioners still dominated the market,
highlighting the remaining potential to displace more sales and installations with efficient heat
pumps for both cooling and heating applications. Homes adding first-time central cooling or
transitioning from window/portable units may increase overall cooling capacity sales over time.

Ductless and ducted heat pumps have a larger cooling market share than heating share.
This is due to several reasons:

15 Cold-climate heat pumps were defined in the distributor interviews as: any model that was marketed or certified as
operating at extremely low ambient temperatures or maintaining a certain level of output at those low temperatures.
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Not all homes have central cooling, lowering the overall market size and increasing share

2. Homes without permanent cooling, such those with window or portable air conditioners,
are excluded from cooling estimates

3. Central air conditioners are more similar in size to heat pumps than are fossil fuel heating
systems

4. Furnaces and boilers tend to be significantly oversized by installers, which influences the
capacity-based market share estimates

5. Some ductless heat pumps only partially displace heating loads

The factors above, especially partial displacement and smaller equipment sizes, explain why the
heat pump capacity shares for units are smaller than by tonnage (Table 8). Ductless systems on
average are sized less than half the heating capacity of fossil-fuel systems. This may in part be
due to differences in cooling and heating design loads, where meeting the cooling load of a home
may require a smaller capacity system than fully meeting the heating load of a home, especially
at low ambient temperatures (e.g., different heating capacities for equipment at 47°F, 17°F, and
5°F, and partial heating displacement). Ducted heat pumps are also smaller, further reducing
capacity share but less extremely than ductless units.

In 2021, program-supported residential ducted heat pumps accounted for one-third of the
total ducted market and nearly three-quarters of all cold-climate ducted units sold.
Program-supported residential ductless systems made up over one-third of all ductless
sales and over half of cold-climate ductless units sold.

While residential heat pumps have seen some mainstream market traction, especially for
cooling, overall residential heat pump market shares appear to have remained relatively
low in 2022. Table 10 shows that from 2021 to 2022, ductless sales grew substantially (34%),
with more modest ducted growth (10%). For ducted units, cold-climate sales rose faster than non-
cold-climate (14% versus 8%). The programs focus on heating capabilities, and the higher cold-
climate share and high growth in sales of ductless cold-climate models are in keeping with the
program theory. (Note that we did not estimate the size of the 2022 market to confidently analyze
the market shares for 2022.)

However, even faster non-cold-climate ductless growth appears outside of the program, likely for
cooling-only purposes. This highlights further potential for displacing central air conditioner sales
while underscoring the need to promote full/partial heating displacements with contractors,
distributors, and customers. Focusing on educating stakeholders about efficient cold-climate
models can help avoid missed heating conversion opportunities in the future.

The sizeable potential that remains for displacement and continued post-2021 growth
highlights programs’ opportunity to drive heat pump adoption for space conditioning.
Ductless heat pump installations rose 34%, aligning with distributors’ sales increase. However,
ducted heat pump program-supported units grew 123%, outpacing the distributors’ reported cold-
climate share and 10% sales increase seen in the market.

Given limited additional data, this larger program growth likely signals that a higher proportion of
2022 sales were non-cold-climate ducted heat pumps converted to cold-climate models rather
than representing a sharp increase in total sales. In other words, more ducted heat pump
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purchases occurred through the program incentive than in prior years. Overall, there is still
significant potential to drive the market towards efficient electrified heating.

While total residential heat pump water heater (HPWH) market penetration was low in 2021
at 2%, strong alignment between reported sales increases and program unit growth points
to heavy and growing program influence. This 2% penetration is much lower than heat pump
space conditioning shares. However, distributors reported substantial HPWH sales increases
nearly mirroring 2021 — 2022 program unit growth (38% versus 41%). (While this growth sounds
impressive, note that it is from a low base). Manufacturers and distributors indicate HPWH sales
rely heavily on program incentives. Thus, program-supported units likely make up a larger share
than market estimates suggest. Further sales increases also partly reflect HPWH uptake in new
construction, which is not captured in these market estimates focused on existing homes.

In-program heat pump adoption is substantially higher among non-low- or moderate-
income (non-LMI) households than among moderate- and low-income households. In-
program heat pump adoption is higher among moderate-income households than among
low-income households. However, this outcome is to be expected given policies and
program support in place during the period of interest. While LMI customers appear to be
lagging behind in program-supported heat pump adoption, it is important to note that the B1a
Income Eligible initiative did not offer support for heat pumps to income-eligible customers in
homes heated with gas until 2022. Even then, it is the evaluation team’s understanding that given
concern around energy burden for low- and moderate-income customers, the programs have not
pushed gas-to-electric conversions among those low- and moderate-income customers in
situations in which it might lead to higher bills. Given the prevalence of residential gas heating in
Massachusetts, we would thus expect the in-program heat pump adoption rate to be lower among
low-income households than among other residential customer groups.

2.2 COMMERCIAL MARKET SizEs, PROGRAM PENETRATION, AND MARKET
CHANGES (2021 — 2022)

The C&lI market analysis is based on C&l customers and includes residential-duty equipment
installed in commercial locations. Table 11 presents 2021 Massachusetts statewide sales shares
by capacity for C&l space heating, central cooling'®, and water heating equipment. We summarize
key quantitative findings related to commercial market sizes, program penetration, and changes
from 2021 to 2022. Figure 9 shows the numbers of systems and units of heat pumps and heat
pump water heaters that the C&l programs supported in 2021 and 2022.

16 Central cooling includes ducted heat pumps, ductless heat pumps, VRFs, and non-heat pump cooling (split, or
unitary, and direct expansion). The cooling analysis excludes chillers.
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Table 11: 2021 Massachusetts Market-level Sales, Program Penetration, and
Market Changes of C&l Equipment

% of 2021
% of Space
2021 Heating
Space or Capacity Increase

Water Sales — % of Increase in in HP
Heating excluding Space 2021 Program sales
Capacity cooling- Cooling Program Participation 2021 -
Equipment Type Sales only HP Sales Penetration 2021 — 2022 2022

Space Conditioning

Ducted Air Source Heat

Pump systems (air-to-air

only) — Split, Unitary, or

Packaged 1% 1% 3% 13% 347% 40%
Ductless Air Source Heat

Pump systems (air-to-air

only) 0% 0% 1% 13% 347% 42%
Air Source VRF systems
(air-to-air only) 3% 1% 9% 46% 1% 45%

Air Conditioning systems

using direct expansion (dx)

cooling (non-heat pump,

split, or unitary, excludes

chillers) 88%
Fossil Fuel-fired Heating

systems (all combined,

including combi boiler

systems 96% 98%

Water Heating
Heat Pump Water Heaters 1% 0% o o

Fossil Fuel-fired & Electric

Resistance Water Heaters

— Storage and

instantaneous (excludes

indirect water heaters) 99%

* The count of program-support C& HPWHSs increased from 0 in 2021 to 20 in 2022

** 77% of interviewed C&l water heat installers indicated their companies started selling HPWHSs in 2022 or later.
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Figure 6: Units of C&l Program-supported Heat Pump Systems & Heat Pump
Water Heaters, 2021 & 2022 (excluding new construction)

m2021 m2022

1200 1,046
1000 886
800 684
600
399
400
234
200 172
N L m o
0 |
ASHP (central, RTUs, VRF Ground source Water source Heat Pump Water
mini-splits) Heater

Note: Per the 2021 KPI #3 in the statewide report, there were a total of 1,011 C&l heat pump installations. Whereas
there were a total of 1,018 C&l heat pump installations in the program data the Team received when looking at the
same BCR IDs cited in KPI #3. After removing records that were installed in new construction, the 1,018 C&Il heat pump
installations decreased to 926 which is what is shown in the chart above.

The C&Il space conditioning heat pump market in 2021 was much smaller than the
residential heat pump market. The total C&l space conditioning heat pump capacity sold in
2021 was 13% of the total capacity installed in the residential market. Additionally, C&l heat
pumps represent a smaller portion of C&l heating capacity sales (4%) than residential heat pumps
did of residential capacity sales (4% in C&l versus 11% in residential) and a smaller portion of
cooling capacity sales (12% in C&l versus 32% in residential). Note that the C&l analysis excludes
chillers, which serve large loads easier than heat pumps. When considering the whole cooling
market, C&l cooling heat pump penetration is lower than 12%.

The vast majority of C&l ducted and ductless ASHPs installed in 2021 were residential-
duty systems and all commercial-duty space conditioning heat pumps were VRFs. A review
of program tracking data and data from the on-site visits of 180 businesses found no ducted or
ductless ASHPs over five tons. In follow-up calls, two distributors said there are no ductless
ASHPs over five tons.

VRFs comprised the majority of C&l heat pump capacity installed in 2021 (69%) but ducted
ASHP represented the majority of units sold (53%). This is the result of VRFs’ use for larger
capacity needs than ducted and ductless ASHPs.

Program penetration in 2021 was relatively low for ducted and ductless (13%) ASHPs in
2021, while VRF penetration was higher (46%). This could mean that the C&l ASHP market
was mostly composed of early adopters who wanted to install heat pumps regardless of program
support. Mass Save heat pump activity data, such as trainings, show the heat pump activities
started focusing on C&l more substantially in late 2022, suggesting that program efforts around
ducted and ductless ASHPs in 2021 were more focused on the residential sector. Since VRFs
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are a commercial application, Mass Save heat pump support for VRFs in 2021 focused on the
C&l sector.

Program participation increased significantly in 2022 after the restructuring of the Mass
Save heat pump support and the increase in heat pump incentives. Ducted and ductless
ASHP participation increased by 347% and VRF participation increased by 71% between 2021
and 2022. Figure 37 shows the compressors (e.g., outdoor units) of program-supported C&l heat
pumps from program tracking data in 2021 and 2022 including both upstream and downstream
incentives.

Market actors indicated that their sales of heat pumps for space conditioning increased
from 2021 to 2022. C&l installers estimated that their heat pump sales increased by about 40%
to 45% from 2021 to 2022. Similarly, distributors estimated that their VRF sales increased by 44%
over that same period. Manufacturers estimated that sales of commercial-duty ducted ASHPs
and VRFs increased by about 12% to 14% in Massachusetts.

The C&I HPWH market was near zero in 2021. HPWHs comprised only 1% of the water heating
capacity sold in 2021 in the C&l market. There were no HPWHSs in the Mass Save heat pump
program tracking data. Seventy-seven percent of interviewed water heat installers indicated their
companies started installing HPWHs in 2022 or later. The two interviewed installers who installed
any HPWHs in 2021 in C&l locations installed only residential-duty systems.

Sales of HPWHSs increased from 2021 to 2022, after Mass Save heat pump incentives
increased and moved upstream. After having no C&l HPWH program participants in 2021, there
were 20 in 2022. Seventy-seven percent of interviewed installers indicated their companies
started installing HPWHSs in C&l settings in 2022 or 2023. Similarly, manufacturers indicated that
their companies only started to introduce products for the commercial market in 2022 or 2023.

2.3 PARTICIPATING MARKET ACTORS’ SHARE OF TOTAL MARKET ACTIVITY

Participating distributor population accounts for the vast majority of total market activity
in Massachusetts in 2021 and 2022. The Team estimated the final population of Massachusetts
distributors to comprise 112 unique distributors. One hundred of these distributors (89%) had
signed up to participate in a midstream program in 2021 or 2022. Just 12 distributors did not
participate in 2021 or 2022. The Evaluation Team could not secure interviews with any of the 12
Massachusetts non-participant distributors. While there was no reliable way to determine the size
of these 12 non-participant distributors, it was unlikely that they comprise the largest distributors
in Massachusetts.

Participating installer population accounts for at least 75% of total residential market
activity in Massachusetts in 2021 and 2022. In terms of the number of companies, the
participating installers were over 90% of all installers. In terms of the employee counts, the
participating installers were 75% of all installers. That said, we found in our non-participant survey
screening that not all companies in our sample frame for non-participating installers are actually
installers, while some turned out to be participating installers. This implies that 75% is actually a
lower bound for the participating installers’ share of total installations of residential space
conditioning or water heating equipment in Massachusetts in 2021 and 2022 in this study. It was
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not possible to develop a similar estimate for participating installers’ share of commercial
equipment installations because less data is available about whether installer companies were
C&l participants in 2021.

2.4 ATTRIBUTION

2.4.1 Qualitative Evidence of Attribution to Residential and C&l Program Support

Progress Towards Expected Outcomes in the Market

Theory-based evaluation is a fundamental part of the planned approach to quantifying market
effects from the PAs’ support for heat pumps that was developed as part of the Baseline study.
Theory-based evaluation assesses programs according to the program Team’s predefined theory
of how and why the program should work (the “program logic”). It involves gathering evidence of
changes in market actor and customer behavior, attitudes, etc., expected to result from the
program activities and ultimately to lead to market effects, as predicted in the program theory or
logic model. If evaluation finds sufficient evidence of the effects on the market that the program
theory posits, the theory-based approach makes it possible to build a credible case that market
effects measured in a future quantitative study have occurred because of program activity. If the
direction of changes in indicator values between 2021 and 2022 align with expectations per the
program theory, it can serve as early evidence that the changes in the market are due at least in
part to the PAs’ support for heat pumps.

In keeping with this approach, the Team measured baseline (i.e., 2021) values of indicators of
the qualitative market effects expected from PA support for heat pumps and also measured
changes in values from 2021 to 2022 for as many of the indicators for each sector’'s markets as
was practical. ' Table 12 shows the outcomes expected in the residential space conditioning and
water heating markets for which the evaluations measured both 2021 and 2022 values, or asked
respondents about changes in their practices between 2021 and 2022; Table 13 shows this
information for commercial and industrial water heating markets. Note that these tables do not
show the complete lists of outcomes and associated indicators for each sector, only those for
which it is possible to assess changes from baselines. See 5 Market Effects Indicators for
complete lists of outcomes and associated indicators measured for each market.

The evaluation measured changes between 2021 and 2022 for 14 of 20 expected outcomes
from the PAs’ support for residential heat pumps.'® For 12 of these outcomes, the direction
of changes in one or more of the indicators increased as theorized.

The evaluation measured changes between 2021 and 2022 for five of 12 expected
outcomes from the PAs’ support for commercial and industrial heat pumps. For four of

7 Compared to the PAs’ support for residential heat pumps, changes to their support for commercial heat pumps began
later and heat pump adoption has been considerably slower among C&l customers. Given this, the evaluation focused
measuring changes since the 2021 baseline on the residential rather than commercial equipment markets.

8 Note that two of these 14 outcomes, B and T, share one indicator.
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these five outcomes, the direction of changes in the indicator measured increased as
theorized. The fifth showed a possible upward trend.

That the indicators of these outcomes have changed in the predicted direction serves as
preliminary evidence that the changes in the markets from 2021 to 2022 are due at least in
part to the PAs’ support for heat pumps. The evidence for attribution is particularly strong
for residential heat pumps, for which there are indicators showing changes in participating
customer decision-making and behaviors between 2021 and 2022. The following additional
qualitative evidence supports this conclusion:

o Market actors indicated that the program is partially responsible for the growth in
both residential and commercial heat pump sales from 2021 to 2022. Interviewed
manufacturers, distributors, and installers all credited rebates and program incentives with
increasing interest in heat pumps and heat pump sales. Similarly, distributors and
installers credited the program for an increase in the share of cold-climate heat pumps
sold.

¢ Distributors indicated that, since 2021, they had increased supply chain resources
devoted to both residential and commercial heat pump markets partially due to the
programs. A majority of distributors of residential- or commercial-duty cooling equipment
reported that they had increased their inventory of air source heat pumps at the expense
of cooling equipment, and over one-third of distributors of residential- or commercial-duty
heating equipment had changed the types of heating equipment they keep in inventory to
accommodate increased stocks of air source heat pumps, most at the expense of boilers.
The majority of each set of distributors cited the changes in rebates, incentives, or both
as among the reasons for the changes. Since 2021, more than one-quarter of distributors
that sell residential- or commercial-duty water heating equipment increased their inventory
of heat pump water heaters. Only one of the three distributors that did so offered a reason
why, attributing the change entirely to the programs.

o Market actors indicated that the number of heat pump trainings and the attendance
at heat pump trainings increased partially due to the program and that the program
influenced the topics at trainings. Five in six manufacturers said attendance increased
for space conditioning trainings. Four in six manufacturers said attendance increased for
water heating trainings. Additionally, the two manufacturers that could speak to activities
in both Massachusetts and Ohio indicated that training attendance was higher in
Massachusetts than Ohio. Program records showed that the number of individuals
attending a heat pump specific training course (whether residential or C&l) has increased
since early 2022.

e The percentage increase in program-supported Residential and C&l equipment in
the tracking data are larger than the market actor-estimated percentage increases
in overall heat pump sales for each respective market. This could mean that the
programs are driving the increases in residential and C&l heat pump sales from 2021 to
2022, or that the programs are grabbing larger shares of natural market adoption. Given
market actors citations of the programs for their increases in sales and demand, the Team
suspects the programs are the primary drivers of the increase in heat pump sales.
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Table 12: Changes in Residential Market Effects Indicators from 2021 to 2022

DAV

Outcomes Indicators psetiol
of Change
Short Term
Percentage of customers aware of heat pumps that learned
A1 |about heat pump by type through channels associated “
A directly with Mass Save
Increased customer awareness and Percentage of customers with ASHP/GSHP who indicated
understanding of ASHP/GSHPs/HPs and A2 |that contractors advised them on importance of f
weatherization, and associated benefits of weatherization prior to installation
both Percentage of customers aware of heat pumps that both
A3 |heat and cool; percentage of customer aware of heat f
pumps for water heating
B
Customers are satisfied with heat
pumps/Customers entering heating or B1 |Percentage customer satisfaction/Net Promoter Score “
water heating market hear positive
reviews from customers with HPs
C
Increased availability of HP C1 |Rates of attendance at manufacturer-offered trainings f
training/certification
Medium Term
D
Inc;iaﬁz:tr;uun;t;esr;rf] dC?n:gsft::;trs;ned D1 [Number of program-trained installers by heat pump type f
weatherization
Contractors & ducite customers on Same as A2: Percentage of customers indicating that
o ) G1 (A2) |ASHP/GSHP contractors advised them on importance of See A2
weatherization as needed and install HPs L ) . .
weatherization prior to installation
correctly
H
High contractor confidence in ability of Ho Percentage of participants opting for full versus partial f
HPs to meet all customer displacement
heating/cooling/water heating needs
Shifts in distributor ini/entory and stocking " Number of distributors. indicating a change in stocking f
) and/or inventory practices to accommodate heat pumps
practices
J . Number of heat manufacturers indicating an increase in
Increased supply chain resources J1 trainings f
devoted to MA heat pump market
L1 Percent of customers indicating they weatherized their f
L home in anticipation of or along with heat pump installation
Increased customer demand for heat Percentage of customers indicating they weatherized their
pumps and concurrent weatherization L2 home in anticipation of or along with heat pump installation, “
measures after interacting with heating comparison calculator or
consultations with installers
Contractors increasinMeg recommend HPs M2 Rate of participant customers reporting that cgntractor f
. ) recommended ASHPs/GSHPs for heating
for heating/water heating
o o1 Percentage of contractors who started installing HPs in f

New heat pump market entrants

2022 or later
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Table 12 Continued

. Direction
Outcomes Indicators
of Change
Longer Term
Proportion of heat pump customers indicating a high level
S1 . )
s of reliance on HPs for heating

Proportion of heat pump customers indicating a high
relance for both heating and cooling

Percentage of participants opting for full versus partial
displacement (same as H2)

Customer perception of home comfort when heating with

High customer reliance on AS/GS HP for S2
both heating and cooling

_i

S3 (H2

-~

T

Market satisfaction with heat pumps T1 (B1) hez.at pumps (measured as B1, Percent customer See B1
satisfaction/Net Promoter Score)
W1 Percentage of program-trained installers located in

w disadvantaged communities
Equity W2 Percentage of program-supported units installed in market-
rate units versus percent installed in low-income units

i

Table 13: Changes in C&I Market Effects Indicators from 2021 to 2022

Direction

Outcomes Indicators
of Change
Medium Term

I Number and percentage of distributors (out of those that received program
stipend for sales data) indicating a change in stocking and/ or inventory
practices to accommodate ASHPs, VRFs, GSHPs, WSHPs and HPWHs for
C&l applications.
Number and percentage of ASHP, VRF, and GSHP manufacturers (out of
J1 those interacting with the PA staff/implementers) indicating an increase in
trainings for C&l purposes
Number and percentage of distributors (out of those that received
program stipend for sales data) indicating a change in stocking and/ or

Shifts in distributor inventory 1
and stocking practices

J
Increased supply chain
resources devoted to MA

S

heat pump market 92 inventory practices to accommodate ASHPs, VRFs, GSHPs, WSHPs
and HPWHs for C&l applications
o1 Number and percentage of C&l contractors who started installing heat
pumps in 2022 or later
o Number and percentage of C&l ASHP, VRF, GSHP, WSHP and
New heat pump market 02 |HPWH trained contractors indicating heat pumps are a certain Baseline only
entrants percentage of their business
03 Numbe.r apd perceqtage of distributors that first started keeping heat Baseline only
pumps in inventory in 2022 or later
Long Term
Percentage of program-incentive-eligible sales out of total sales by Possible
Q Q1 technology type upward trend
Increased customer
preference for Q2 |Proportion of C&l customer preference for ASHPs, VRFs, GSHPs, Baseline only

ASHP/GSHP/HPWH over
non-HP heating and cooling
or water heating equipment Q3

WSHPs, and HPWHSs over non-HP C&l heating and cooling equipment
Proportion of installations that are ASHP, VRF, GSHP, WSHP, or
HPWH out of all reported installations

Baseline only

Other Causal Factors in 2021 and 2022

In 2021 and 2022 there was little support for residential or C&l heat pumps outside of the
PAs’ offerings via Mass Save. The Team found no evidence of support specifically targeting
either residential or commercial heat pumps in Massachusetts in 2022 other than that offered by
the PAs via Mass Save, and little evidence of support targeted at heat pumps other than tax
credits. For residential customers, the Mass CEC provided support for heat pumps only until mid-
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2021, leaving them with Mass Save and the $300 federal tax credit for installing a ground source
heat pump. One distributor said that limited municipal grants had supported the installation of
some residential heat pumps. In both 2021 and 2022, grants were available for efficiency projects
in school buildings through the Massachusetts School Building Authority, but these did not
specifically target heat pumps. The Inflation Reduction Act (IRA) includes support for heat pumps
through a variety of means, but activity was limited in 2022, the year the act was passed. The IRA
also increased tax credits for both residential and C&l heat pumps; however, the expanded tax
credit did not go into effect until January 1, 2023.

2.4.2 Residential Counterfactual Sales and Installations and NTG Estimates

Market actors indicated that their 2021 residential heat pump sales across the entire
Massachusetts market would have been 43% to 47% lower absent the program. For the
market overall, interviewed installers estimated that residential cold-climate ASHP and their
HPWH installations would have been 46% without the program. Distributors estimated that
residential-duty ducted ASHP sales would have been 46% to 47% lower and their HPWH sales
would have been 43% lower.

Manufacturers indicated that, from 2021 to 2022, their sales of residential air source heat
pumps to Massachusetts grew at 1.6 times the rate of those to Ohio, and that they sold no
residential heat pump water heaters to Ohio at all in 2022.

The 2022 self-reported savings-based residential NTG estimates are generally higher than
the most credible 2021 estimates of market-level residential unit NTG. In 2022, the
programs did more to accelerate heat pump purchase timing than in 2021.

Table 14 shows the most credible estimates of 2021 residential market-level unit-based NTG
ratios and the 2022 savings-based NTG ratios.
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Table 14: 2021 Residential Market-level Unit-based NTG & 2022 Savings-based
NTG Estimates

2021 Unit-based 2022 Savings-based
Heat P T ici
ek e Market-level NTG Free-ridership Part_|c|pant
Spillover

Ducted ASHP 0.64 0.20 0.003 0.80
Ductless ASHP 0.82 0.26 0.070 0.81
Ground Source Heat

Pumps Not measured 0.26 0.000 0.74
HPWH 0.56 0.36 0.000 0.64

As we describe in 8.6.2, in 2022, the residential rebates and program information had significantly
more influence on participants’ decisions to install a heat pump for space conditioning or water
heating than in 2021. This is expected given the substantial increase in residential rebates and
website traffic, heating and cooling consultations, and customer use of the online heating
comparison calculator in 2022, documented in Appendix B. Compared to 2021, the programs
were more successful in encouraging early adoption of ductless air source heat pumps in 2022
by accelerating the purchase of equipment. In addition, significantly higher percentages of the
program-supported residential ductless heat pump systems installed replaced existing heating
systems in 2022 than in 2021, and significantly lower percentages were installed to add heating
to a space that did not have it or to add more heating to a space that did, or for cooling use only.
These findings are also detailed in 8.6.2.

That the 2022 NTG ratios are less than 1.0 suggests that there is free-ridership despite the strong
qualitative evidence of program attribution. We expect that free-ridership will drop as the
residential programs exhaust the supply of customers heating with delivered fuels or electricity
and other early adopters.

2.4.3 Commercial Counterfactual Sales and Installations and NTG Estimates

Market actors indicated that 2021 C&l heat pump sales and installations across the entire
Massachusetts market would have been about 40% lower without the program. For the
market overall, interviewed installers estimate cold-climate ASHP and VRF installations would
have been 42% lower without the program. Distributors estimated that commercial-duty ducted
ASHP sales would have been 42% lower and VRF sales 38% lower without the program. Note
that installers provided commercial versus residential estimates based on customer type, while
distributors provided estimates based on equipment size (commercial duty versus residential
duty) since they do not have visibility into where equipment is installed.

Manufacturers indicated that their sales of commercial-duty cold-climate ducted and
ductless air source heat pumps in Ohio grew less than those in Massachusetts. Two
manufacturer interviewees could speak to their companies’ sales in both Massachusetts and
Ohio; both indicated there was more demand for heat pumps in Massachusetts than in Ohio. One
provided a quantifiable estimate of C&l heat pump sales increasing at a rate 2.5 times faster in
Massachusetts than in Ohio.

In 2021 the C&I heat pump market was likely composed mostly of early adopters and had
alow NTG. The NTG is expected to grow as the program expands. Table 15 shows our best
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NTG estimate for each equipment type in the C&l market. Note that these are capacity-based
NTG values as opposed to savings-based NTGs. The low NTG values are expected for a new
program in a small and nascent market mostly composed of early adopters. Early adopters would
likely have installed heat pumps with or without the program; however, program expansion will
move beyond early adopters to participants who are more influenced by the program, and the
NTG will rise.

The C&l HPWH market was near zero in 2021 and thus the program had little impact that
year. There were no C&l HPWH participants in 2021. Therefore, a NTGR is not applicable.

Table 15: 2021 C&I Market-level Capacity-based NTG

Heat Pump Type Market-level NTG

Ducted ASHP 0.49
Ductless ASHP 0.52
VRFs 0.31
HPWH NA

2.4.4 Future Expectations for IRA

Expanded tax credits became available in January 2023. IRA heat pump rebates for low-
and moderate-income households will not be available until autumn 2024 or later.

The Inflation Reduction Act (IRA) provides funding for various programs that could impact heat
pump adoption in Massachusetts. IRA Section 50122 will provide heat pump rebates of up to
$8,000 for households with incomes up to 150% of area median income and multi-family buildings
with residents meeting the income requirements. According to informal conversations with the
Department of Energy, the state energy offices of both Massachusetts and Ohio are planning to
submit applications to receive this funding, but programs are not expected to begin until autumn
2024 at the earliest.

The IRA also expanded federal tax credits for heat pumps. As of January 1, 2023, homeowners
can claim a tax credit of up to 30% of the cost of heat pump and installation, up to $2,000, with
no lifetime limit. Prior to the passage of the IRA, the available tax credit for heat pumps was $300
(or 30% of the cost of geothermal heat pumps) and there was a lifetime maximum of $500 for tax
credits for any energy-efficient home improvement. The expanded tax credit is available to all
households, while Section 50122 funding is limited to low- and moderate-income households.

On the C&l side, the IRA increased the maximum 179D Tax Deduction that can be applied to heat
pumps, from $1.80/ft? to $5.00/ft> and allowed the deduction to apply to retrofits. The IRA also
made the tax deduction transferable to a taxpaying project designer, so that non-tax paying
entities such as governments and non-profits can realize the benefits of the IRA. The expansion
of the 179D tax deduction went into effect on January 1, 2023.

Manufacturers said their expectations for the IRA were driven by states like Massachusetts
having a built-up and active heat pump work force that can better utilize and promote the
IRA. They also credited the ability to stack incentives and tax credits. The braiding of IRA funds
with PA programs will allow the PA heat pump offerings to amplify their impact, but co-mingling
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funds will require careful consideration for the attribution of heat pump adoption to the PA support
for heat pumps versus IRA rebates and tax credits.

2.5 KEY LIMITATIONS AND SOURCES OF UNCERTAINTY

Since there was no way to identify the entire population of the market actors, extrapolating
the findings to the entire population had to rely on some assumptions and is subject to
uncertainty. The study collected data and information from a limited number of market actors.
While the Evaluation Team did its best to develop sample frames for market actors as completely
and comprehensively as possible using numerous sources, it was challenging, especially for non-
participating distributors and installers. Moreover, the information to determine the size of each
market actor was not always available for all cases in the sample frame, or inconsistent and
conflicting information in the various sources was used. Moreover, not all equipment sales go
through the distributors. Some manufacturers of residential equipment act as their own distributor.
In addition, C&l customers, especially the large ones, may get their equipment directly from the
manufacturers. The market estimates developed based on sales data from the distributors would
not capture these manufacturer-direct sales.

The variation in the types and volume of equipment sold or installed across market actors
makes it difficult, if not impossible, to achieve a sample sufficiently representative of all
equipment types. The study attempted to understand multiple residential and C&l equipment
types at the same time. Not all distributors sell all equipment or sell all equally. Similarly, not all
installers install all equipment or install all equally. They may specialize in one or two types of
equipment.

Markets actors could not always provide the data requested due to differences in how they
track their data versus what the survey asked and various other reasons. The survey asked
for a lot of numbers for multiple equipment types, separately for residential and C&l; as a result,
there was compromise on what could be collected. There were also some inconsistencies in the
sales and installations numbers that market actors provided. While the Evaluation Team did its
best to identify and address inconsistencies and impute missing data based on the responses
from the same respondent and other respondents, the corrected or imputed data are subject to
uncertainty.

The study findings based on data from the participating distributors and installers only
may not represent the entire market, especially for the equipment types more likely to be
sold or installed through non-participating distributors and installers. The study could not
complete any interviews with non-participant distributors and installers. While the Evaluation
Team estimated that the vast majority of all distributors and a slightly lower share of all installers
in Massachusetts are participating distributors and installers, it was not possible to determine the
exact share of the market served by participating distributors and installers. This is especially true
at the equipment level.

In 2021, there was no industry standard definition for cold-climate commercial-duty air
source heat pumps. In the survey instruments, they were referred to as air source heat pumps
that were marketed or certified as suitable for cold climates. Since respondents could interpret
this differently, the study estimates of the share of heat pumps sold or installed that are cold-
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climate, especially for the C&l equipment, contains uncertainty related to the lack of a standard
cold-climate definition.

Neither the study nor the program tracking data consistently collected information
separately for heating and cooling capacity. It was not clear if the respondents reported their
average capacity numbers in terms of cooling or heating capacity. The 2021 program tracking
data contained only the cooling capacity information for ducted and ductless heat pumps, as
incentives are based on cooling capacity despite the program emphasis on heating. Estimates of
residential heating capacity leverage program tracking data equipment capacity data. Previous
research has indicated there is no clear pathway to convert cooling capacities of heat pumps to
heating capacities at the various ambient temperature ratings. The Team assumed heat pump
heating capacity at 47°F was equivalent to cooling capacity, but acknowledges that it is not a one-
to-one equivalence, and heat pump capacity is further impacted at lower ambient temperatures
(e.g., 17°F and 5°F). However, upstream program tracking data had cooling and heating capacity
data for VRFs.

The study did not capture changes in the sales or installations of equipment other than
heat pumps from 2021 to 2022. To reduce respondent burden, the study asked about the
changes in sales or installations from 2021 to 2022 only for heat pump equipment. As a result, it
was not possible to determine the size of the market for non-heat pump equipment in 2022 based
on the 2021 market size estimates and the changes from 2021 to 2022.

2.6 APPROACH TO FUTURE STUDIES TO TRACK MARKET PROGRESS AND
QUANTIFY MARKET EFFECTS

Recommendation: Per the approach described below, the PAs should conduct annual
studies to track market effects indicators and size the space conditioning and water
heating markets, and quantify market effects from the PAs’ support for heat pumps every
third year per the guidance laid out in the market effects quantification approach memo.

The following considerations from the Baseline study informed development of this high-level
recommendation and the details of our proposed approach.

1. Annual studies will offer timely insights into how quickly the different heat pump
markets are changing and into perspectives on program attribution over time.

2. Heat pump adoption is farther along in the residential than in the C&l sector. Thus, we
expect that market effects will likely take longer to materialize in the C&l than the
residential sector.

3. In assessing attribution and quantifying market effects, future studies will need to
address the complexity of controlling for the impacts of the Inflation Reduction Act
(IRA) and other potential causal forces on the heat pump markets. In the Baseline
study, the IRA impacts were negligible. That is, at the time of the Baseline study, the
interviewed manufacturers and distributors were only at a stage of gathering
information on which of their products would qualify for the IRA tax credits and rebates.
Some of them reported that the IRA heat pump offerings may increase the stocking of
their heat pump models that qualify for IRA tax credits or rebates in 2024 or later, and
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some opined the IRA impacts would be uneven (e.g., lower for brand new products
like C&lI HPWH models).

4. The Team should explore whether any significant distribution channels were missed
in the Baseline study, for possible inclusion in future studies. Feedback from retailers
was outside the scope of the Baseline study, and retailers may be an important
distribution channel for the water heating equipment. Also, identifying market actor
populations was challenging and should be revisited in future studies.

5. It takes time to establish that market effects occurred and to confirm market effect
changes are sustained.

Except for the study to be conducted in 2024, each of the studies we propose would collect data
from participating distributors, participating installers of residential and of C&l equipment and
participating residential and C&l customers. Annual studies will also analyze program tracking
data as available, update program tracking activity data, and incorporate heat pump cost data
from the review of invoices for the prior year to track trends in heat pump equipment and non-
equipment costs over time.

For each group of survey respondents,

¢ the annual studies would replicate a subset of questions from the Baseline study sufficient
to meet the studies’ goals of tracking key market effects indicators and sizing the markets
for the previous year. They would include adjustments to obtain more explicit estimates of
fossil displacement rates and other adjustments to reflect lessons learned from the
Baseline study.

o the 2026 and 2029 studies would include the same questions as the annual studies, but
would replicate additional questions from the Baseline study needed to quantify market
effects, per the quantification approach memo in Appendix G. This aligns with PAs’ three-
year energy-efficiency planning cycles so that results are available for inclusion in the
three-year plan.

The numbers of participating distributors and commercial installers are relatively small, and the
demands on their time are numerous. To facilitate obtaining data from these market actors, the
Evaluation Team proposes that PAs work with implementers and the Evaluation Team to establish
panels of distributors and commercial installers willing to provide sales and other data on a regular
cadence for these studies, and that the Evaluation Team support them in that effort. In developing
the sample frames and panels we would revisit the heat pump distribution market channels to
ensure the sample frames are representative of the heat pump distribution and installation
markets. The Evaluation Team will design the studies with the goal of delivering information on
the previous years’ participants and markets before the end of the subsequent year, along with
information on perceptions and practices from supply-side actors for the year the study is
conducted and delivered. For example, a study delivered in 2025 would have information about
2024 program activities, participants, and market size, along with 2025 supplier perceptions and
practices.

Due to the planning timeline for the market effects indicators and market sizing study for 2024,
the Evaluation Team cannot collect and analyze data from all the groups and report results by the
end of 2024. To make it possible to deliver results in 2024, this year’s study will exclude residential
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customers and C&l installers from the data collection. The Evaluation Team proposes to exclude
these groups because usable 2023 program tracking data for residential customers is not
expected to be available until too late in 2024 to enable the Evaluation Team to deliver the results
by the end of the year, while the 2023 program tracking data for C&l customers can be available
earlier. Some key data that would be collected from the residential customers, such as the
reasons for heat pump installation, can be collected from the residential installers instead.

Below we list the question topics that would be asked of distributors, installers, and customers,
respectively in the annual and the 2026 and 2029 studies.

Participating distributor interviews would collect the following data:

Annually

Heat pump and non-heat pump sales by equipment type for 2023
% cold climate (CC)

% change in sales from 2022 to 2023 by equipment type
Average capacity of commercial equipment types

Own and statewide counterfactual cold climate sales

Employee counts

Changes in manufacturer suggested retail prices

Every three years

Stocking practices

IRA impacts

Heat pump support from other entities

Integrated controls sales (Y/N) and likelihood to recommend
Suggestions for Mass Save

Participating installer surveys and interviews would collect the following data:

Annually

Equipment type installation counts for 2023

% cold climate (CC)

% of heat pumps used for cooling only

% of heat pumps installed in existing buildings

% of staff trained on ASHPs, VRFs, HPWHs

Perceptions of heat pumps’ reliability, ease to install, and likelihood to recommend
Sizing practices

Employee counts

Changes in costs of heat pumps (% change in amount invoiced to customers)

Every three years

Average capacity of commercial equipment types
Own and statewide counterfactual cold climate sales
Most frequently used distributors

Heat pump support from other entities

Barriers to selling heat pumps
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e Suggestions for Mass Save
Customer surveys would collection the following data annually:

e Firmographic questions

e Purpose for installing heat pumps

¢ Extent to which heat pump displaced other equipment

e Characterization of previous equipment

e % of loads served by heat pumps

e Ventilation system replacements

e Awareness of heat pumps (and how first learned of heat pumps)
e Use of Mass Save support

e Perceptions of heat pumps

¢ Weatherization add-ons to heat pump projects

e Contractor recommendations (for heat pumps and weatherization)
¢ Influence of Mass Save rebate

e Barriers to installing heat pumps

e Cost of project (option to upload invoice for additional incentive)

2.7 INSIGHTS FOR PROGRAMS

2.7.1 Residential Central Heat Pump Performance and Rates of Displacement

Results of the 2022 residential participant survey suggest higher rates of customers
installing backup heating fossil-fuel heating systems to use with program-supported
ducted heat pumps than the program tracking data alone would indicate.

It is the Evaluation Team’s understanding that the program tracking data captures whether a
backup system was installed only if it is a program-supported unit installed with the heat pump.
Therefore, it would not identify participants who installed a backup system later. The rate at which
residential participants with a ducted heat pump system said they later added a program-
supported boiler or furnace grew significantly from 2021 to 2022. Of the 2022 participants who
installed only a program-supported boiler or furnace, 23% already had a central heat pump
system. This is almost twice as high as the percentage of 2021 participants (12%), and a
statistically significant difference. These results suggests that there may be higher rates of
customers installing backup heating systems for ducted heat pumps than the program tracking
data alone would indicate. At the same time, the Net Promoter Score (NPS) for residential ducted
heat pumps from 2022 participants was significantly lower than from 2021 participants (although
still in the “excellent” range), suggesting effects specific to ducted heat pumps. These differences
could indicate some customer dissatisfaction with central heat pumps.

Consideration: It may be prudent to examine more closely participants’ experiences with ducted
heat pumps and with adding backup heating after installing a program-supported ducted heat

pump.
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2.7.2 Ca&l Installer Training Opportunities

Issues with heat pumps are not uncommon. Close to half (47%) of Mass Save heat pump C&l
participants reported issues with their installed heat pump for space conditioning. More than one-
third (39%) of those reporting issues stated the heat pump needed repairs. This was the most
common response. Of the 47% of respondents who reported issues with their heat pumps, close
to two-thirds indicated that their heat pump required repairs. The survey did not allow respondents
to elaborate on the type of repairs required. Only one respondent said it cost more to heat than
they expected.

Consideration: Continue offering PA support for installer training. In addition, consider
developing a feedback mechanism through a Mass Save heat pump quality assurance
process(es) to offer installers feedback or training on heat pump installations when installation
issues are caught. Without the feedback loop, it is difficult to know if training works, where
knowledge deficiencies appear, and which market actors may need additional support to increase
their installation competency.

Those who had a limited engagement with heat pump installations are infrequently using
or using limited detail for load modeling to size the heat pumps for C&I applications. The
Mass Save participating installer companies responsible for the largest share of installed capacity
indicated using a high level of detail in their Manual J or N calculations while the rest are using
less detail. Also, a notable minority (31%) of installers who represented a small share of heat
pump capacity installed (i.e., limited engagement with heat pump installations) infrequently use
load modeling calculations for right-sizing C&l heating/cooling systems.

Consideration: Revisit training curricula or class topics to ensure load modeling calculation best
practices are integrated into Mass Save heat pump training opportunities to offer those less
experienced with heat pump installations an opportunity to expand their knowledge on this
important topic.

Now may be a good time to offer HPWH training. The minority of C&l heating and cooling
installers have taken some type of HPWH training whereas majority (97% and 62%) attended a
training on ASHPs or VRFs, respectively. Also, none of Mass Save participating heat pump
installers installed HPWH equipment in 2021 nor noted that HPWH were at least 25% of their
installed water heating capacity in 2021. This is not a surprise considering the first commercial
HPWHs are a new development, per interviewed manufacturers, with several first product
offerings entering the market in 2022 or 2023.

Consideration: Connect with HPWH manufacturers to learn more about HPWH product
development and offerings for C&l purposes. Leverage that insight to connect HPWH installers
with either manufacturer-led or Mass Save HPWH training opportunities. Also consider offering a
HPWH-specific class through the training center.

2.7.3 Program and Activity Tracking Data

Comprehensive and consistent program data tracking is vital to evaluate program
performance, measure market effects, and assess progress towards decarbonization
goals. Including all relevant data in program tracking efforts allows for a full understanding of
program effects and opportunities for additional improvements over time.
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Consideration: Include variables for heating and cooling capacity and efficiencies at different
ambient temperatures (e.g., 47°F, 17°F, and if available 5°F), obtained from the equipment model
numbers listed in the programs’ qualified heat pump list. Alternatively, the program could provide
a database with model numbers and key capacity data to evaluate this information without having
to increase administrative costs. An additional field could capture supplemental resistive heating
capacity (e.g., electric resistance strips), if available from model number, to provide additional
detail on winter heating capabilities. This allows program tracking to leverage existing capacity
and efficiency data. Have distinct variables for capacity (BTU/h) and for the amount of units
installed. This separates technical specifications from installation details. If possible, implement a
consistent customer ID variable across multiple installations for the same customer and address.
This allows simpler roll-ups to track the total number of customers, total units installed, and total
heating/cooling capacity. It also facilitates program analysis (KPIs) and reconciliation. The
program tracking data already tracks partial and full displacement scenarios, includes what
existing equipment and fuel is displaced by the heat pump, and whether an integrated control was
installed (when data is available).

Consideration: Include weatherization performed in association with installing a heat pump
system for space conditioning. The Evaluation Team had planned to rely on program tracking
data to assess progress toward residential outcome L, Increased customer demand for heat
pumps and concurrent weatherization measures but found that the programs did not track
weatherization in conjunction with heat pump installation. The Team is currently tracking progress
toward this outcome through participating customer surveys but would expect program tracking
data to be a more reliable and less costly way to measure this indicator.

The studies documented the extent to which in 2022 and 2023 the PAs undertook the
program activities described in the heat pump program theory and logic models in
Appendix A. This documentation will need to continue, with some minor adjustments. The
purpose is to establish the context for attribution of any market effects from PA heat pump
activities that may be measured in the future.

Consideration: Given the importance of program activity tracking data to attribution, the PAs
should ensure that implementation vendors understand that they will be expected to collect data
for the activity indicators on an ongoing basis, supplying the data at least annually and consistently
each time.

Consideration: The PAs may wish to assign their own staff to compile and analyze the activity
tracking data from implementation vendors. Otherwise, they should assume that future heat pump
market effects evaluations will include compiling, analyzing, and reporting on the program activity
trackers.

Consideration: Not all the PAs use the same implementation vendors to undertake each program
activity in their service area. As a result, several of the indicators must be compiled using data
from multiple implementers, and not all implementers track data for the same activities the same
way. Specifically, the vendors implementing the Heating Comparison Calculator (HCC),
manufacturer outreach, and HEAT loans track activities in ways that cannot be combined. Also,
certain vendors tracked their manufacturing outreach efforts while others did not. The PAs should
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work with the vendors to ensure that going forward the vendors’ data can be aggregated to ensure
that the indicators accurately reflect the program activities.

2.7.4 Outcomes Indicator Tracking
The Evaluation Team identified the following residential outcomes indicators to drop or change.

Consideration: Drop tracking for outcome F. Increased number of certified contractors, since the
Evaluation Team was unable to measure the number of certified contractors. Additionally,
manufacturers indicated that while they offer trainings they do not offer “certifications” to avoid
liability.

Consideration: The evaluation includes multiple measurements for Indicator W2. Percentage of
program-supported units installed in market-rate units versus percent installed in low- and
moderate-income units. One of these is Residential Coordinated Delivery and Residential Retail
Program Participation by Income Status. The data from this measurement is difficult to interpret
and seems unnecessary given that the evaluation also has two other measurements for this
indicator that do not rely on self-reported income (1. Percentage of rebates by heat pump type,
year, and HTR community status, and 2. Number of homes that received ductless ASHP rebates
located in a HTR community, by integrated control status).
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Section3 Methodology

Appendix G lays out the planned approach to quantifying market effects from the PAs’ enhanced
support for C&l and residential heat pumps for space conditioning and water heating that began
in 2022. The approach is meant to be carried out over three studies, of which the Baseline or
Time 1 study and the Interim study are the first two.' Here we describe the research activities
the Team carried out as part of the first two studies.

The studies gathered data from among manufacturers, installation contractors, and distributors of
space conditioning and water heating equipment; from participating customers; and from the PAs
and their implementation contractors. Below, we describe each group the types of data we
collected from them, with a link to the data collection methodology for each.

1.

Manufacturers of heat pumps and other competing space conditioning and water
heating equipment. In winter 2023, we conducted ten interviews to collect data about the
state of the markets for residential- and commercial-duty heat pump and fossil-fuel fired
equipment types; differences between the Massachusetts markets and those in the
planned comparison area, Ohio; influence of the PAs’ programs; expectations from the
IRA; selected indicators of market effects; and heat pump equipment price trends. See 3.1
for a summary of the methodology. More detailed methodology along with detailed findings
from these interviews are presented in the manufacturer results memo in Appendix C.

HVAC and water heating distributors and manufacturers’ representatives that
participated in the upstream HVAC offerings in 2021. In spring and summer 2023, we
conducted interviews with interviews with 15 participating distributors of space
conditioning and water heating equipment in Massachusetts and two Ohio distributors.
We collected data about 2021 heat pump sales data by unit or capacity, Massachusetts
sales that were program-supported in 2021 and counterfactual 2021 sales, and selected
indicators of market effects. See 3.1 for a summary of the methodology. More detailed
methodology and findings from these interviews are presented in the distributor results
memo in Appendix D.

HVAC and water heating installation contractors that participated in relevant
residential or commercial PA programs in 2021. In June and July 2023, we conducted
an internet survey of 43 residential installers of heat pump and non-heat pump space
conditioning and water heating equipment who participated in Mass Save residential
programs in 2021. Tetra Tech fielded the survey. From June through September 2023, we
also conducted interviews with 20 C&l HVAC and water heating installers who participated
in Mass Save C&l programs in 2021. The survey and interviews collected data about the
number of installations of each equipment type, characteristics of the buildings in which
they installed the equipment, installation practices, barriers to heat pumps and
opportunities to increase adoption rates, and selected indicators of market effects. See

19 The third study is intended to be a Time 2 study to quantify market effects, to be carried out at a future date.
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3.1 for a summary of the residential installer survey methodology and a summary of the
commercial installer interviews methodology. More detailed methodology and findings
from these interviews and the survey are presented in the installer results memos in
Appendix E.

4. Residential customers who installed space conditioning or water heating
equipment through the Residential Coordinated Delivery or Residential Retail sub-
offerings of the Residential Existing Buildings Initiative in either 2021 or 2022. From
August through October 2023, we conducted an internet survey of 798 customers who
participated in 2021 and in October and November 2023 to 716 customers who
participated in 2022. Tetra Tech fielded both surveys. The surveys collected data to
characterize the heat pump installations, measure selected indicators of market effects,
understand how participants use their heat pumps, and examine barriers to residential
customers adopting heat pumps. See 3.1 for a summary of the 2021 survey methodology
and a summary of the 2022 survey methodology. More detailed methodology and findings
from these surveys are presented in the customer results memos in Appendix F.

5. General residential customers. We added a series of questions to the surveys of
residential customers that Guidehouse fielded in between January and July 2023 in
conjunction with the Massachusetts Residential Building Use and Equipment
Characterization Study (MA22R53-B-RBU). The questions represented a subset of the
ones we fielded to participating residential customers, described above. See 3.1 for a
summary of the methodology. More detailed methodology and findings from this survey
are presented in a memo in Appendix F.

6. C&l customers who installed rebated space conditioning equipment through the
C&l Existing Building Retrofit and C&l New and Replacement Equipment programs
in 2021. In September and October 2023, we conducted a mixed-mode survey (internet
with telephone follow up) of 95 customers, fielded by Tetra Tech. The survey collected
data to measure selected indicators of market effects, including customer awareness of,
demand for, and satisfaction with heat pumps. It also collected data about installation
characteristics and future heating or cooling equipment replacement plans. See 3.1 for a
summary of the methodology. More detailed methodology and findings from this survey
are presented in a memo in Appendix F.

7. PAs and their implementation contractors. The Team interviewed PA program staff
and staff of Mass Save vendors to help determine the feasibility of measuring each of a
series of proposed indicators to document evidence that in 2022 and subsequently the
PAs undertook the program activities described in the program theory, and trends in these
activities over time. Based on these interviews, we requested 2022 and 2023 program
activity data from the vendors and PA program staff, as appropriate for each indicator. The
purpose of the indicators is to establish the context for attribution of any outcomes in the
markets to the PAs’ heat pump program activities. See Appendix B for information about
how we operationalized each indicator and the detailed results.

The Team also attempted to gather data from non-participating installers and distributors
operating in Massachusetts and from those operating in Ohio, used as a comparison area. Since
we could not collect data from more than one or two respondents from each group of non-
participants despite extensive outreach efforts, we ultimately abandoned data collection efforts
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among non-participants. The Team was aware of the difficulties of collecting data from non-
participating market actors, especially those located outside Massachusetts, when we developed
the quantification approach. For this reason, we developed four different approaches to
quantifying market effects, which vary depending on which groups of market actors in each
location provide what types of data. Given the data the Team gathered in the Baseline study, we
expect to have enough information to implement one of these approaches to quantify market
effects in the Time 2 study, assuming the Time 2 data collection is as successful as that of the
Baseline study.

3.1 MANUFACTURER INTERVIEWS

The Team relied on these sources to identify manufacturers to include in the sample frame:

o NMR’s list of 34 manufacturers from the 2017 HVAC study.

e Zoomlinfo database, which included 117 companies with NAICS code relating to the
manufacturing of space conditioning or water heating equipment.

o PAs’ list of manufacturer contacts, which included contacts from six companies
identified for space conditioning equipment, six companies identified for water heating
equipment, and one company identified for both space conditioning and water heating.

The Team reviewed the websites of these companies to determine which companies
manufactured the types of equipment to be examined. This resulted in a sample frame of 48
manufacturers. The Team binned these manufacturers into five categories:

¢ Space conditioning: all types refers to manufacturers who produce both heat pump
(ASHPs, ductless mini-splits, and VRFs) and fossil-fueled fired space heating equipment
or conventional (non-heat pump) cooling, such as furnaces, boilers, or CACs. One
exception is that the “residential only” manufacturers do not produce VRFs.

¢ Space conditioning: heat pump only refers to manufacturers who produce only heat
pump equipment used for space conditioning; this can include ducted and ductless air
source heat pumps or VRFs. Ground source and water source heat pumps were not
considered in the research activity due to their limited uptake in 2021 (relevant to ground
source) or the program shifted focus from the equipment (relevant to water source). Of the
four companies interviewed in this group, three sold ducted heat pumps, ductless heat
pumps, and VRFs, while one sold only ducted heat pumps.

e Space conditioning: conventional (non-heat pump) only refers to manufacturers that
only produce fossil-fuel fired equipment such as boilers and furnaces or conventional
cooling equipment and do not produce any heat pumps.

e Water heating: all types refers to manufacturers who produce both heat pump water
heaters and fossil-fueled/electric resistance water heaters. This includes storage and
instantaneous systems.

e Water heating: conventional (non-heat pump) only refers to manufacturers that only
produce fossil-fuel fired/electric resistance water heating equipment such as storage and
instantaneous systems. There were no manufacturers identified as manufacturing only
heat pump water heaters.
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Table 16 shows the manufacturer sample frame and achieved sample by sector and type of
equipment manufactured. From the sample frame, the 2021 Mass Save implementor
recommended 14 manufacturers for the Team to prioritize recruiting based on their understanding
of each company’s market share and engagement with Mass Save program(s) and provided their
contact information.

Table 16 Manufacturer Sample Frame
Manufacturer Type Res. Com. Res. Total Achieved

Only Only And Population Sample
Com.

Space conditioning: all types 2 1 10 13 2
Space conditioning: heat pump only 2 0 5 7 4
Space conditioning: conventional only 1 2 14 17 0
Water heating: all types 0 0 4 4 4
Water heating: conventional only 0 3 4 7 0

The interviewed manufacturers manufactured equipment shown in Table 13.

Table 17: Number of Manufacturers Interviewed that Manufactured Each
Equipment Type

Equipment Type Residential (02.1]
Heat Pump Equipment

1 Ducted ASHP Systems (air-to-air only)— Unitary or Packaged and 6 5
Split, combined (by # of compressors)

2 Ductless ASHPs (air-to-air only) (by # of compressor) 4 5

3 HPWHSs 4 4

4 VRFs NA 5

Other Heating, Cooling, or Water Heating Equipment

5 Central Air Conditioning (all kinds) 2 2
Fossil fuel-fired heating systems (all combined) 1 2
Fossil fuel-fired water heaters & electric storage water heaters 3

Together, the interviewed heat pump manufacturers appear to represent substantial
portions of the US share of the heat pump manufacturing market. The same is true of the
US share of the water heating equipment manufacturing market. The Team used
Zoominfo.com data to estimate the number of US-based employees and the annual US-based
revenue for each company in the sample frame (Figure 7 and Figure 8). Since Zoominfo.com did
not provide country-specific revenue estimates, for companies that operate globally, the Team
estimated US-based revenues using the percentage of global employees based in the United
States multiplied by the estimate of global annual revenue. Since some manufacturers are not
US-based, the number of US-based employees does not necessarily reflect the overall size of
the company or even each company’s market share. Note that it was impossible to isolate revenue
just from the equipment of interest to this study. Thus, the revenue for large companies includes
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revenue from markets other than HVAC and water heating. The figures show that the majority of
both the space conditioning and water heating manufacturers were midsize or larger.

Figure 7: US-based Employees per Responding Manufacturer
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Figure 8: US-based Revenue per Responding Manufacturer
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Throughout the report we report responses of space conditioning equipment manufacturers and
water heating manufacturers separately. Because we interviewed only a small number of
manufacturers for each of these two general types of equipment, and the range of company sizes
was very large, we did not weight the manufacturer data.

For more detailed information about the manufacturer data collection methodology, see Appendix
C.

NMR —_— TETRA TECH
G e DNV @ 56



MA22X06-B-HPMEIB & MA23X18-B-INTERIMHP JOINT FINAL REPORT

3.2 DISTRIBUTOR INTERVIEWS

3.2.1 Sample Frame and Data Collection

To develop the sample frame for Massachusetts, the Team first sought to identify the populations
of distributors that sell the types of residential, residential-duty, or commercial-duty space
conditioning or water heating equipment examined in this study. The Team developed a sample
frame using the following five sources:

e Upstream Mass Save program tracking data for 2021 and 2022. The data included
fields with distributor company names, phone numbers, and addresses.

o Master distributor participant list for HPWH program for 2022 - 2024 program
period. The Mass Save program implementers provided contact information of distributors
who had signed up to participate in Mass Save HPWH program for 2022 — 2024.

e Midstream Heat Pump Distributors List. The Mass Save program implementers
provided a list of distributors who are signed up for participation in 2022 — 2024 and who
supply the relevant heat pump types. The list had no contact information but did designate
whether distributors were residential only, commercial only, or both.

e Zoomlinfo Database. Using the Zoominfo.com database, the Team searched for all
companies under any NAICS code relating to the distribution of space conditioning or
water heating equipment with branches in Massachusetts.

o Distributor List from Upstream HVAC/Water Heating Process Evaluation. The
MA20C12-BHVACPROC study included a list of inactive distributors signed up for the
Upstream offering as of 2020. (Inactive distributors are those who signed up to participate
but did not report sales of program-supported equipment.)

The Team aggregated the data from all five resources into a single database to remove duplicates
and then went on each company’s website to try to identify which relevant equipment types each
company sold. The initial population estimate included 140 companies in Massachusetts.

Since a large majority of the population of Massachusetts distributors participated in the Upstream
offering in 2021, the Team targeted 16 completes with participants versus eight completes with
non-participants.?’ For the participant interviews, we prioritized recruiting the major distributors,
as identified by the Mass Save program implementer. After exhausting outreach to the prioritized
companies, the Team started outreach to the remaining participants, focusing on companies that
sold a wider variety of equipment types.

For non-participants in Massachusetts, the Team used a census approach for the 40 distributors
originally identified as non-participants. While fielding the interviews, we learned that 16 of these
40 companies did not actually sell any of the equipment relevant for this study and that 12 more
were out of business or were subsidiaries of other companies already identified.

20 As described in the Quantification Plan, the Team considered distributors as participants if they signed Participation
Agreements for one or both of 2019 — 2021 or 2022 — 2024 regardless of if they actually provided sales data to the
program.
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The Team estimated the final population of Massachusetts distributors to comprise 112 unique
companies that together have a total of 312 branches in Massachusetts. One hundred of these
distributors (89%) had signed up to participate in a midstream/upstream program in 2021 or 2022.
Just 12 distributors did not participate in 2021 or 2022. The Team could not secure interviews
with any of the 12 Massachusetts non-participant distributors. The Team conducted outreach via
e-mail, mail, and phone from April through June 2023. Respondents were offered an incentive for
completing the interview in the form of an e-gift card. Interviews lasted 20 to 30 minutes and were
conducted over the phone or Microsoft Teams. Ultimately, the Team completed interviews with
15 participating Massachusetts distributors.?’ The Team also had a partial interview with a
sixteenth very large non-participating international HVAC equipment distributor.

The Massachusetts sample interviewed includes nine of the 16 biggest Massachusetts
distributors identified by Mass Save program implementer. The sample also included seven of
the 18 distributors identified by manufacturers during interviews as being the major distributors of
their products. This suggests that the information is reasonably representative of participating
distributors.

Table 18 shows the number of responding distributors that sold each residential- or commercial-
duty equipment type in 2021.

21 We also completed interviews with two distributors in the planned comparison area, Ohio. For more information about
data collection with Ohio distributors, see Appendix D.
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Table 18: Number of Responding Distributors that Sold Each Residential- or
Commercial-duty Equipment Type in 2021

Number of Distributors That Sold

(n=15)
Residential Space Conditioning Equipment 13
e Both Ducted & Ductless ASHPs 11
Residential Water Heating Equipment 1
e HPWHs 11
Commercial Space Conditioning Equipment 14

e Both Ducted & Ductless ASHPs & VRFs
e Both Ducted & Ductless ASHPs
¢ VRFs

Commercial Water Heating Equipment

a O N wWw w

e HPWHs

3.2.2 Weighting and Imputing Missing Sales Data

We weighted the data for analysis using basic weights. The basic weight for a respondent is their
total reported space conditioning and water heating equipment sales.

All the distributors that reported sales data did so for their company’s entire Massachusetts 2021
sales. All but two of the 13 distributors that sold residential space conditioning equipment, one of
the 11 distributors that sold residential water heating equipment, and two of the distributors that
sold commercial space conditioning equipment reported Massachusetts 2021 unit or capacity
sales for these equipment types. The Team imputed the missing 2021 sales using a weighted
average of all respondents’ sales of the particular equipment type. The Team took the same
approach to imputing other missing data. The Team imputed data for a respondent as needed for
quantitative questions for which at least half of the other respondents provided data.

For more detailed information about the distributor data collection methodology, see Appendix D.

3.3 RESIDENTIAL INSTALLER SURVEY

3.3.1 Sample Frame and Data Collection

The sample frame for this survey consisted of 5,293 residential installers of heat pump and non-
heat pump space conditioning and water heating equipment who, according to the program
tracking data, participated in Mass Save Residential Coordinated Delivery and Residential Retail
sub-offerings of the Residential Existing Buildings Initiative in 2021. The Team selected a sample
of 1,378 installers using a proportional-to-size (PPS) sampling method. The size for each installer
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was defined as the total number of units of equipment?? they installed through the programs. This
method gave a greater probability of sample selection to larger installers based on the number of
equipment installed through the program. The study collected these data via an online survey and
achieved a response rate of 3% (i.e., 43 usable and complete responses).

3.3.2 Weighting & Imputing Missing Installation Data

The Team used two different weighting strategies, described below. We estimated 2021
installation counts and related results using the basic weights. We used the expansion weights to
analyze questions about contractor practices and perspectives on heat pump equipment.

1. Basic weights: The weight for a respondent is the total number of equipment installations
reported by that respondent.

2. Expansion weights: The Team developed expansion weights for each respondent so
that the weight indicates the total 2021 program-supported equipment installations
represented by that respondent. For weighting purposes, an installer was classified as
large if they were selected for the sample with certainty (i.e., with a probability of 1) due to
their large size. An installer was classified as small if they were selected for the sample
with a probability proportional to their size. The Team calculated the weight as a product
of a respondent's reported installations, the inverse of the respondent's sample inclusion
probability, and a sample expansion factor. The reported installations for each respondent
were multiplied by the inverse of their inclusion probability to account for differences in the
probability of inclusion into the sample across the respondents. The Team developed a
sample expansion factor separately for the two groups (small and large) installers as the
total program-supported equipment installations in Massachusetts by each group divided
by the total reported installations by the respondents in that group.

Figure 9 shows the weighted distribution of employee counts for the survey respondents.
Installers from smaller companies make up most of the respondents with one-half of respondents
(50%) reported having five or fewer employees at their company.

Figure 9: Number of Employees at Company (n=43)
29%

21%
17% 16%
11%
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I
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22 For space conditioning heat pumps, units were defined as compressors.
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The survey recruited installers who said their business included installing space conditioning or
water heating equipment in Massachusetts homes at the time it was fielded (2023). Table 19
shows the types of equipment that these respondents installed at that time.

For the respondents who did not provide installation counts for all the equipment types that their
company installed in Massachusetts in 2021, the Team imputed their installation counts with the
average of the respondents who provided responses weighted by the number of installations they
reported for that equipment type.

Table 19: Number of Respondents by Installation Equipment Type'

Equipment Type Installed in 2023

Space conditioning equipment 40
Including air source heat pumps 34
Excluding air source heat pumps 6

Water heating equipment 38
Including heat pump water heaters 29
Excluding heat pump water heaters 9

"Respondent counts are unweighted

For more detailed information about the residential installer data collection methodology, see
Appendix E1.

3.4 COMMERCIAL & INDUSTRIAL INSTALLER INTERVIEWS

3.4.1 Sample Frame and Data Collection

The Team relied on the following sources to identify contractors who had installed incentivized
heat pumps or heat pump water heaters in C&l settings in 2021:

e All rebated program tracking data for 2021. The data included a full list of equipment
that went through the downstream and upstream HVAC and water heating programs in
2021 and fields with installer names, phone numbers, e-mails, and addresses. There were
a substantial number of blank fields thus limiting the usefulness of this dataset.

¢ PA and implementer data on C&l participants from 2021. This data source had high
quality contact data.

o Mass Save Newsletter. To aid recruitment, the Team advertised the study in a Mass Save
newsletter targeting installers.

o Heat Pump Installer Network (HPIN). The Team cross checked the list of HPIN installers
with the sample of installers to expand upon the installer contact information and flag any
installers that are participants of HPIN.? Since the HPIN started in 2022, it is not a

23 The HPIN installer list is updated periodically on the Mass Save website. The Team accessed the HPIN list on April
6!, 2023. https://www.masssave.com/en/residential/find-a-heat-pump-installer.
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comprehensive list of 2021 participants and thus was used only to supplement contact
information.

The above sources resulted in a population estimate of 92 unique companies that installed HVAC
or water heater equipment in C&l settings and participated in the PAs’ programs in 2021. Given
the small population size, the Team used a census approach for recruitment and conducted in-
depth interviews between July and September 2023.

The Team recruited participants via e-mail and over the phone, offering an incentive for
completing the interview. Fielding took place from July to September 2023. The Team completed
interviews with representatives of 20 out of the 92 unique installer companies (22%). Of these 20,
19 were either owners, executives, or managers, and one was staffer who did both sales and
installations. While all 20 companies serve customers in the C&l sector, most (75%) conduct the
majority of their business with residential customers. Four of the 20 companies (20%) either serve
only C&l customers or are primarily C&l-focused. The remaining 5% (one company) conduct
roughly equal amount of business among C&l and residential customers (Table 20).

Table 20: Respondent Company Share of Business that is C&l

Service Location Mix Count

C&l only 1
Primarily C&I 3
About half C&lI 1
Minority C&I 15

In 2021, 18 out of 20 respondent companies installed both heat pump and non-heat pump
equipment in C&l settings that went through the program. Only two limited their program
participation just to heat pumps (Table 21). Respondents indicated that all of their companies
started installing C&l heat pumps in 2021 or earlier, with the earliest starting before the year 2000.

Table 21: Respondent Company 2021 C&l Participation
Heat pump equipment only 2
Heat pump and non-heat pump equipment 18

Figure 10 summarizes the number of employees serving Massachusetts for each respondent’s
company. Company sizes range from “less than ten” to “76 to 100.” Respondent companies were
headquartered in counties in Eastern Massachusetts, Central Massachusetts, Western
Massachusetts, Cape Cod, and Connecticut. The one Connecticut-based company provided
answers throughout the interview reflecting only their Massachusetts’ business.
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Figure 10: Number of Employees Serving Massachusetts
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Table 22 shows the number of respondents that installed each type of equipment in C&l settings
in 2021. The table also shows that all but one respondent provided installation counts for their
company in 2021. The Team imputed the installation counts for the one company that did not
provide it, based on the number of employees the respondent reported for this company (i.e.,
multiplied the employee count for that company by the average installations per employee for
each equipment type that the company indicated selling).

The installation counts capture residential-duty equipment installed in commercial settings as well
as commercial-duty systems installed in commercial settings. The counts exclude equipment
installed in residential settings.

Table 22: Number of Respondents by Installation Equipment Type
Equipment Type Respondents Provided 2021 Imputed 2021
installation installation

counts counts

Space conditioning

Ducted air source heat pumps 12 11 1
Ductless air source heat pumps 17 16 1
Variable Refrigerant Flow 8 7 1
(VRF) air source heat pumps

Non-heat pump space conditioning 16 15 1
Water heating

Heat pump water heaters 2 2 0
Non-heat pump water heating 7 7 0

3.4.2 Weighting & Imputing Missing Installation Data

The installers’ responses are weighted by capacity, i.e., volume-weighted averages based on
each respondent’s reported total capacity installed by equipment type. The values are presented
as a percentage of capacity from all respondents. Only one respondent failed to provide
installation counts. The Team imputed installation counts for this installer using the company’s
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employee count. To this end, for each equipment type the Team calculated the installation count
per employee for each company that installed that type of equipment. The Team then calculated
the average installations per employee for each equipment type. To impute installation count for
the one company that did not provide installation data, the Team multiplied the employee count
for that company by the average installations per employee for each equipment type that the
company indicated selling.

The Team asked respondents to estimate the average capacity for each equipment type they
installed in C&l settings in 2021. When respondents could not provide an average capacity
estimate for an equipment type, the Team used the average of the capacities of each equipment
type identified by distributors.

For more detailed information about the C&l installer data collection methodology, see Appendix
E2.

3.5 2021 AND 2022 PARTICIPATING RESIDENTIAL CUSTOMER SURVEY

3.5.1 Sample Frame and Data Collection

Team member Tetra Tech collected participating residential customer data via an online survey
to 11,206 and 6,419 customers who installed space conditioning or water heating equipment
through the Residential Coordinated Delivery and Residential Retail sub-offerings of the
Residential Existing Buildings Initiative in 2021 and 2022, respectively. To encourage response
and reduce sample bias, participants were offered a $10 to $25 electronic gift card for completing
the survey. The Team fielded the surveys from September through December 2023 and achieved
a response rate of 7% among 2021 customer contacts (798 usable and complete) and 11%
among 2022 customer contacts (716 usable and complete responses).

3.5.2 Weighting

The Team weighted the data using relative weights. First, we assigned each participant to a single
equipment stratum with priority of assignment given to heat pumps and heat pump water heaters.
Next, we used post-stratification to create additional strata within the heat pump strata for fuel
switching and non-fuel switching.

The Team developed the relative weights by dividing a stratum’s proportion in the population by
that stratum’s proportion in the sample. All respondents in the same stratum were assigned the
same weights. The Team developed weights separately for heat pump and non-heat pump
participants. See Appendices F1 and F2 for additional details on relative weights calculated for
the analysis.

Table 23 and Table 24 report the unweighted and weighted number of 2021 and 2022
respondents by equipment type, respectively. While many respondents installed more than one
type of equipment, each respondent was also assigned a single space heating stratum and/or a
single water heating stratum. Respondents were asked space conditioning and water heating
characterization questions specific to the equipment strata to which they were assigned.
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Table 23: 2021 Participating Residential Respondents by Equipment Type

Equipment Type Actual Respondents Actual Weighted
by Equipment Respondents Respondents
Installation’ by Stratum by Stratum

Central heat pumps 180 177 98
Ductless heat pumps without integrated 234 202 369
controls

Ductless heat pumps with integrated 88 87 51
controls

Ground source or geothermal heat pumps 5 5 <1
Heat pump water heaters 87 85 40
Central air conditioners 60 49 43
Furnaces 162 71 66
Boilers 121 103 65
Non-heat pump water heaters 84 19 66
Total Respondents 798 798 798

" Counts do not sum to total because some respondents installed multiple equipment types.

Table 24: 2022 Participating Residential Respondents by Equipment Type

Equipment Type Actual Actual Weighted
Respondents by Respondents by  Respondents

Equipment Stratum by Stratum
Installation’

Central heat pumps 160 156 89

Ductless heat pumps without integrated 191 167 273

controls

Ductless heat pumps with integrated 102 101 92

controls

Ground source or geothermal heat 9 9 2

pumps

Heat pump water heaters 37 37 16

Central air conditioners 29 28 11

Furnaces 136 99 91

Boilers 101 76 90

Non-heat pump water heaters 83 43 54

Total Respondents 716

" Counts do not sum to total because some respondents installed multiple equipment types.

NMR —_— TETRA TECH
—Group,INC. DNV @ 65



MA22X06-B-HPMEIB & MA23X18-B-INTERIMHP JOINT FINAL REPORT

For more detailed information about the residential participating customers data collection
methodology, see Appendix F1 and F2.

3.6 GENERAL RESIDENTIAL CUSTOMER SURVEY

3.6.1 Sample Frame, Data Collection, and Weighting

As part of the Baseline study the NMR Evaluation Team added a series of questions to the
surveys of residential customers that Guidehouse fielded in 2023 in conjunction with the
Massachusetts Residential Building Use and Equipment Characterization Study (MA22R53-B-
RBU). Guidehouse collected these data via an online Qualtrics survey to (1) an established panel
of 5,816 residential customers (the “follow-on survey”), and to (2) a total of 105,000 residential
customers who were not part of the panel (the “new customer survey”). The follow-up survey
achieved a response rate of 42% (2,661 usable and complete). The new customer survey
achieved a response rate of 3.2% (2,880 usable and complete). Between both surveys,
Guidehouse obtained a total of 5,541 usable and complete responses between January 2023 and
July 2023. Guidehouse weighted the data using two-dimensional post-weights based on the
demographic variables that show the largest misalignment with Massachusetts population
proportions from the American Community Survey. These demographic variables were the
education level and primary language spoken in the home. For more information about the
MA22R53-B-RBU study methodology, see the forthcoming report from Guidehouse.

Table 25 shows key demographic characteristics of the customers who responded to the survey
using weighted data. The survey identified customers who said they had received rebates for
cooling equipment or for heating or water heating equipment since 2018. Using this information,
we grouped customers into participants (those who said they had received such rebates) and
non-participants (those who said they had not received them). Participants are less likely to be
low or moderate income (14%) compared to non-participants (35%). More participants live in
single-family detached homes compared to non-participants (79% and 60%, respectively) and
have gas service (69% and 65%, respectively). Table 26 reports the number of respondents by
heat pump type and whether they answered add-on questions. Approximately 20% to 25% of
customers who installed heat pumps without rebates agreed to answer additional survey
questions.

Table 25: Demographic Characteristics of Respondents (weighted)

Respondents Percent of Respondents

All respondents 5,555 100%
Income level

Low Income 1,213 22%
Moderate Income 597 11%
Not Low/Moderate Income 2,482 45%
Unknown 1,263 23%
Building Type

Multifamily 719 13%
Single-family Attached 1,384 25%
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Respondents Percent of Respondents

Single-family Detached 3,451 62%
No gas service 1,943 35%
Gas service 3,612 65%
Participant 598 11%
Non-participant 4,957 89%

Table 26: Respondents by Heat Pump Type
Ducted Ductless GSHPs HPWHs

ASHPs ASHPs

Installed heat pump (all) 295 472 17 13
Installed heat pump without rebates 123 (42%) 150 (32%) 4 4
Installed heat pump without rebates and answered 74 (25%) 97 (21%) 1 0

add-on questions

For more detailed information about the general residential customers data collection
methodology, see Appendix F3.

3.7 2021 PARTICIPATING COMMERCIAL & INDUSTRIAL CUSTOMER SURVEY

3.7.1 Sample Frame and Data Collection

To develop the sample frame, the Team obtained 2021 Mass Save C&l program tracking data
and identified recipients of heat pump and non-heat pump heating or cooling equipment rebates
in the C&l Existing Building Retrofit and C& New and Replacement Equipment programs. Only
heating or cooling rebate recipients of existing buildings were included in the sample frame.

The basis for participants being included in the C&l customer survey rather than the residential
survey was the location of the installed equipment and not the capacity of the installed equipment.
Therefore, the C&I customer survey captures both commercial-duty and residential-duty systems
installed in commercial settings.

Table 27 shows the rebate counts by equipment type. The rebate count for ductless heat pumps
included smaller systems installed in small C&l buildings. The Team found no records of
commercial HPWHSs in existing buildings in 2021. Also, counts are split by equipment that had
associated contact information and equipment that did not.

Table 27: Count of 2021 Incentivized Equipment by Equipment Type

Equipment Type With Contact Info Without Contact Info Total
ASHP (central, RTUs) 27 1 28
Ductless heat pumps 34 5 39
VRFs 160 94 254
GSHPs 16 1 17

NMR —_— TETRA TECH
 Groveine DNV @ 67



MA22X06-B-HPMEIB & MA23X18-B-INTERIMHP JOINT FINAL REPORT

Equipment Type With Contact Info Without Contact Info Total
WSHPs 34 39 73
Non-HP space conditioning 585 90 675
Non-HP water heating 609 712 1,321
Total 1,465 942 2,407

In the C&l data, customers could have many addresses, many projects, and different contact
names. The Team invested considerable effort in identifying distinct customers based on names,
phone numbers, e-mail addresses, and instances of contacts linked in one record but not linked
in other records. For equipment without contact information, the Team multiplied the counts for
each equipment type by the ratio of distinct customers over equipment counts with contact
information. This assumes the same rate of duplication in records with contact information and
records without contact information.

Overall, there were 864 distinct customers with contact information and an estimated 562 distinct
customers without contact information (Table 28). Fifty-five percent of distinct customers were
associated with one address and another 44% were associated with ten addresses or fewer.

Table 28: Count of Distinct Customers by Equipment Type

Equipment Type With Contact Info Without Contact

ASHP (central, RTUs) 22 1 23
Ductless heat pumps 21 3 24
VRFs 95 65 160
GSHPs 2 0 2
WSHPs 14 16 30
Non-HP space 324 46 370
Non-HP water heating 369 431 800
Total 847 562 1,409

The Team contacted all rebate recipients or participants under each equipment category. The
target completes represented a maximum of what the Team believed was achievable. To manage
the survey length, customers who installed multiple types of equipment were assigned one
equipment type in the survey, using the following protocol:

o When a customer installed a heat pump and a non-heat pump, the survey treated them
as heat pump participants and did not ask questions for non-heat pump equipment.

¢ When the customer installed multiple types of heat pumps, the Team asked about the type
with the lower population size.

e For customers who installed multiple types of equipment, none of which were heat pumps,
the survey asked them non-heat pump questions for up to three types of equipment.

For customers with multiple addresses, the Team focused on sites that installed the equipment
described above. If the customer installed the same type of equipment at multiple addresses, the
Team randomly selected one address associated with each customer and attempted to complete
the survey specifically referencing that one address. If the contact was not knowledgeable about
the project at that address, the Team completed the survey based on another address for the
customer in the database. Table 29 shows the actual completes for the survey.
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Table 29: C&l Customer Survey Samples Target and Completes

Distinct Customers Target Number Actual
Stratum with Contact Info of Completes = Completes

C&l 2021 Recipients of Mass Save Heat Pump Rebates (Participants)
ASHP (central, RTUs, mini-splits) incentive

recipients 43 Upto 10 9
VREF incentive recipients 95 Up to 30 12
Ground source heat pump incentive recipients 2 Upto2 0
Water source heat pump incentive recipients 14 Up to 4 3

Installed furnace, boiler, CAC or other cooling

Up to 30 (with at

324 41
system or fossil fuel-fired heating system least 8 CAC)
Installed fossil fuel-fired water heat
nstalled fossil fuel-fired water heater or 369 Up to 25 30
unknown water heater**
Total 847 Up to 100 95

3.7.2 Weighting

To weight results, the C&l analysis follows a similar weighting scheme to that of the residential
customer survey. The Team defined stratum by equipment type and calculated weights to adjust
for a disproportionate mix of respondents by equipment type in the sample relative to the
population. The weights used in the analysis for each equipment type (Table 30) are the type’s
share of the population divided by share of respondents with that type.
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Table 30: Weighting Approach, 2021 Commercial Participants
% Weight

Population % Population Sample . .

Count (N) Count (n) Sample* (% Population
Ducted ASHP 23 2% 3 3% 0.52
Ductless ASHP 24 2% 6 6% 0.27
VRF 160 11% 12 13% 0.90
GSHP 2 0% 0 0% NA
WSHP 30 2% 3 3% 0.67
Boiler and Furnace 95 7% 14 15% 0.46
Chiller 24 2% 2% 0.81
Unitary AC 112 8% 6 6% 1.26
Custom HVAC 139 10% 19 20% 0.49
Fossil fuel water heater 800 57% 30 32% 1.80
Total 1,409 100% 95 100% NA

For more detailed information about the C&l participating customers data collection methodology,
see Appendix F4.

3.8 MARKET SIZING

The methodology for residential and commercial market sizing can be found in Market Effects
Indicators.
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Section4 Program Activity Indicators Since
Changes Implemented in 2022

The PAs documented with program theory and logic models how the Mass Save heat pump
offerings and support activities are intended to generate effects in the market that will lead to the
shifting of Massachusetts heating and water-heating market to favor heat pumps. This section
lists these activities for each sector and summarizes the extent to which in 2022 and 2023 the
PAs undertook these activities. Its purpose is to establish the context for attribution of any market
effects from PA heat pump activities that may be measured in the future. Appendix B provides
background information about each indicator and the detailed findings on which this summary is
based.

Together, the results presented here show that since early 2022 the programs have
undertaken the activities described in the program theory and logic models, and in many
cases the rates at which they carried out many of these activities increased between 2022
and mid-2023.

4.1 RESIDENTIAL PA-FUNDED HEAT PumP ACTIVITY SUMMARY

As the program theory and logic models show in detail in Appendix A, the PAs undertake the
following activities to encourage market adoption of residential heat pumps.

Residential customer engagement. The programs engage residential and income-eligible
customers in the market for heating, cooling, or water heating through:

¢ Running statewide and targeted heat pump marketing campaigns to inform customers
about the benefits of heat pumps and the program offerings

o Offering a heating comparison calculator and other heat pump-related information on the
Mass Save website

o Offering the heat pump installer network of trained and certified installers, and listing the
installers on the website

e Requiring home energy assessments and weatherization, as needed, prior to installing a
program-supported heat pump

o Offering heating/cooling consultations to customers, and information weatherization
customers about the benefits of heat pumps and the availability program support for them

o Offering generous rebates and incentives for heat pumps

e Forincome-eligible customers, offering HEAT loans to finance buying the heat pumps and
making electrical upgrades needed to install them

e For low-income customers, paying all costs not covered by the rebate

Evidence of customer engagement activities
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1. The number of heating and cooling consultations has increased by approximately
770% from Q1 2022 to Q2 2023, and heat pumps are discussed at most
consultations.

2. The PAs conducted approximately 2% more Home Energy Assessments in Q2
2023 than Q1 2022.

3. The number of times an Energy Specialist recommended an ASHP and HPWH
during a Home Energy Assessment increased by approximately 155% and 342%,
respectively, from Q1 2022 to Q2 2023.

4. The total number of Heating Comparison Calculator web page views increased by
254% from Q1 2022 to Q3 2023.

6. The number of HEAT Loan submissions increased by 275% for Vendor 4 and
493% for Vendor 5, from Q1 2022 to Q2 2023.

7. The percentage of Home Energy Assessments conducted in communities
designated by the DPU as "Targeted Hard-to-Reach” (HTR) communities 24
hovered between 37% and 40% between Q1 2022 and Q2 2023.

8. The percentage of HPIN installer companies located in HTR communities grew
from 23% to 29% between Q1 2022 and Q2 2023.

9. The number of partial displacements of ducted ASHPs in HTR communities grew
by approximately 265% and the number of full displacements in HTR communities
grew by approximately 202% from PY2021 to PY2022. The number of partial
displacements of ductless ASHPs in HTR communities grew by approximately
179% and the number of full displacements in HTR communities grew by
approximately 234% in this same period. The number of rebates given for systems
with integrated controls in HTR communities grew by approximately 122% and the
number of rebates given for systems without integrated controls grew by
approximately 144% from PY2021 to PY2022.

Residential supply side engagement. The programs engage installation contractors and work
to increase the percentage of contractors trained to install heat pump equipment correctly by:

¢ Reaching out to manufacturers to provide information about the program to use in their
trainings, and offering the time of program staff to speak at their trainings

e Providing Mass Save virtual trainings in heat pump technology

e Establishing the Heat Pump Installer Network (HPIN), which requires installers to take
training to participate in the HPIN, and listing participating installers on the website

¢ Providing contractors with informational materials via trade ally campaigns and supplying
brochures for contractors to use with customers

24 HTR communities are those in municipalities that are (1) served by an electric and/or gas PA; (2) contain at least
one environmental justice census block as defined by the Massachusetts Executive Office of Energy and Environmental
Affairs (EEA) Environmental Justice Policy; and (3) have historically low program participation rates. See Appendix B
for more information about the designation of HTR communities.
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The programs also encourage distributors to enroll in the PAs’ midstream offerings and offer
instant discounts on heat pumps to contractors to pass along to customers. The programs also
encourage distributors and manufacturers to host heat pump trainings including program
information.

Evidence of residential supply-side engagement activities

1. The PAs launched the Heat Pump Installers Network (HPIN) in 2022. In Q1 2022,
the number of HPIN installer companies listed in the HPIN database grew from
zero to 316. From then through Q3 2022, it increased by approximately 450%.
Also, the number of residential HPIN installer companies has increased over time
for all equipment types.

2. Approximately one-third of Mass Save Energy Efficiency Learning Center
attendees at the heat pump or weatherization courses work at businesses located
in HTR communities.

4.2 C&I PA-FunNDED HEAT PumP ACTIVITY SUMMARY

As the program theory and logic models show in detail in Appendix A, the PAs undertake the
following activities to encourage market adoption of C&l heat pumps.

C&l customer engagement activities include:

¢ Running targeted heat pump marketing campaigns, including providing case studies and
other marketing materials to help risk-averse customers or those unfamiliar with the
technology overcome concerns with heat pumps and learn of the benefits

¢ Providing information and tips about heat pumps on the program website

e Providing technical support to large custom projects, including end-user facility staff
training

o Offering generous rebates for heat pumps

Evidence of customer engagement activities

1. C&l Mass Save heat pump incentive activity for existing buildings increased from
2021 to 2022 by approximately 27%, indicating more C&l customers are accessing
heat pump incentives in 2022 (additional details are provided in Program
Penetration).

2. Technical support for C&l custom heating or cooling projects was available and
accessed in 2022. Although very few (three) C&l custom retrofit heating and
cooling projects were completed in 2022, two out of the three received technical
support from the PAs.

3. Outreach targeting large C&l customers has increased since Q1 2022.

C&l supply side engagement. The programs engage C&l equipment installation contractors by:

e Conducting outreach to contractors via e-mail, digital ads, flyers, and other printed
materials to connect contractors with manufacturer-led trainings on and certification in
energy-efficient heat pump technologies
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e Offering an online training portal and with tools to support contractors working on
prescriptive projects

The programs reach out regularly to manufacturer and distributors to engage them, inform them
about the program, and create allies to help generate demand for existing training and certification
pathways and drive changes in stocking practices.

The programs provide midstream incentives through distributors for water-source heat pumps,
and instant incentives for smaller heat pump water heaters, the program provides instant
incentives via distributors.

For large C&l applications, the PAs engage manufacturers on research and design.
The C&l program engages manufacturers and distributors by:
¢ Offering midstream incentives via distributors for water-source heat pumps

e Offering instant incentives at the time of purchase from distributors for heat pump water
heater up to 120 gallons

e Engaging with manufacturer industry partner working groups to encourage manufacturers
and distributors to lead contractor training and certification support

¢ Providing distributors with stipend in return for data on program-supported sales and for
engaging with the program

Evidence of C&l supply-side engagement activities

1. PAs have also been actively contacting heat pump product designers
(manufacturers, manufacturers’ representatives, select distributors, HVAC design
firms, and organizations supporting product design) to discuss heat pump
performance standards, research on heat pump rooftop products, Mass Save
program updates, and specific products. This has been ongoing since Q1 2022,
except in Q4 2022. In Q4 2022, it substantially increased.

2. The number of C&l HPIN installer companies has increased over time for all
equipment types.

4.3 CROSS-CUTTING PA-FUNDED HEAT PumP ACTIVITY SUMMARY

Many of the PA-funded heat pump marketing and outreach and heat pump installer training
promotional activities were conducted for both residential and C&l sector and could not be
disaggregated by sector.

Evidence of cross-cutting customer engagement activities

1. More customers appear to be accessing heat pump information through Mass
Save website, considering that between Q1 2022 and Q2 2023 the number of
pageviews increased by approximately 26%, the number of sessions increased by
approximately 51%, and new users increased by approximately 67%.

Evidence of cross-cutting supply-side engagement activities
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1. The PA staff have consistently made between 12 and 25 outreach attempts to
manufacturers each quarter since Q1 2022, reaching between eight and 12
companies, to keep them informed of Mass Save heat pump offerings and gather
insights on the market and manufacturer-led installer engagement events.

2. The PA outreach to distributors was consistent from Q1 2022 through Q3 2022
and has slowed down since Q4 2022. This outreach was conducted for the same
reasons cited above under the manufacturer outreach.

3. The PA vendor staff attended many (28) industry events (conferences, trade
shows, expositions, etc.) to engage with manufacturers, their representatives,
distributors, and installers at these events. Approximately 2,200 individuals
involved in the HVAC industry attended these events from Q1 2022 to Q2 2023.

4. The number of free virtual heat pump trainings offered through the Energy
Efficiency Learning Center each quarter increased from three courses in Q2 2022
to six courses in Q2 2023. In turn, attendance has also been increasing since Q2
2022.

5. Most manufacturer- or distributor-led heat pump training events where PA staff had
presence covered topics relevant to both residential and C&l heat pump
applications.

6. PA vendor staff engaged in and ramped-up installer outreach since Q1 2022.
Efforts from this engagement likely supported the growth of HPIN.
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Section 5 Market Effects Indicators

In the Baseline study, the Team developed an approach to quantifying market effects that includes
theory-based evaluation. Theory-based evaluation is a fundamental part of the approach to
quantifying market effects from the PAs’ support for heat pumps. This evaluation approach
assesses programs according to the program Team’s predefined theory of how and why the
program should work (the “program logic”). It involves gathering evidence of changes in market
actor and customer behavior, attitudes, etc., that are expected to result from the program activities
and ultimately to lead to market effects, as predicted in the program theory or logic model. The
purpose of including the theory-based approach is to make a credible case that market effects
measured in a future quantitative study have occurred because of program activity. Theory-based
evaluation is also a critical tool in assessing progress towards the long-term changes, or
outcomes, expected in the market long before there is enough market progress to be able to
quantify savings from market effects attributable to the program. In keeping with this approach,
together the Baseline and Interim studies operationalized and measured baseline values of the
indicators of market effects expected from the PAs’ support for heat pumps based on the program
theory and logic models presented in Appendix A. In the case of residential customers who
installed a program-supported space conditioning or water heating system, we measured the
indicators twice, once for 2021 participants and once for 2022 participants, and so can speak to
changes over time.

At the beginning of each of the sections below, 5.1 Residential Indicators and 5.2 Commercial
and Industrial Indicators, we present a table summarizing the outcomes expected in the
respective markets and the indicators these studies measured for each outcome. Some of the
indicators measured change over time. For these indicators, the tables show the direction of the
change, if any.

5.1 RESIDENTIAL INDICATORS

Table 31 below shows the outcomes expected in the residential space conditioning and water
heating markets from program support and the indicator(s) by which the evaluation measured
progress towards the outcomes. There are measurements for both 2021 and 2022 for most of the
indicators for which data was gathered from residential program participants. For some of the
indicators, there are measurements for participating residential customers results and for the
general Massachusetts population of the PAs’ residential customers. The latter data are from the
Massachusetts Residential Building Use and Equipment Characterization Study (MA22R53-B-
RBU), which, like the Baseline and Interim studies, gathered data in 2023.2° Columns A through

25 As part of the Heat Pump Market Effects Indicators Baseline Study (MA22X06-B-HPMEIB) and the Interim Heat
Pump Market Effects Indicators Study (MA23X18-B- INTERIMHP), NMR Group (NMR) asked many of the same
questions to the surveys of residential customers as those in the survey that Guidehouse fielded in conjunction with
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D of the table list the different comparisons for indicators with multiple measurements, and the
direction of the change over time or the type of difference between the measurements. In these
columns, “Participants” are residential customers who installed a program-supported space
conditioning or water heating system in 2021 or 2022. “HP participants” installed a program-
supported heat pump system; “Non-HP participants” installed either a furnace, boiler, CAC, or
non-heat pump water heater. The columns are:

A. 2022 vs. 2021 Heat Pump Participants: HP Participants are residential customers who
installed a heat pump system with PA program support. Column A compares 2022 HP
Participants against 2021 HP participants.

B. 2022 Heat Pump Participants vs. Customers with Unsupported Heat Pumps: Column
B compares 2022 HP Participants against the general population of residential customers
with heat pumps that they installed without program support at some previous time.

C. 2022 Non-Heat Pump Participants vs. Customers without Heat Pumps: Column C
compares 2022 HVAC participants who did not own or install a heat pump at the time of
participation versus the general population of residential customers who did not own a
heat pump.

D. Other or Baseline Only: For indicators for which market actors provided estimates of
change between 2021 and 2022, Column D shows the direction of change. It also notes
the indicators for which there is a baseline measurement only.

Detailed results for each indicator follow the table.

The Massachusetts Residential Building Use and Equipment Characterization Study (MA22R53-B-RBU). Like these
surveys, Guidehouse fielded the MA22R53-B-RBU survey in 2023. It gathered data from a sample of 5,555 residential
customers via an online Qualtrics survey. Where possible, we compare market progress indicator results between
these surveys of 2021 residential participants of the MA22X06-B-HPMEIB study (2021 participants), 2022 residential
participants of the MA23X18-B-INTERIMHP study (2022 participants), and the residential customer survey of the
MA22R53-B-RBU study (2023 residential customers).
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Table 31: Residential Outcomes and Indicators: Direction of Change Over Time or Comparisons Between Groups

A. 2022 vs. 2021 Heat Pump Participants C. 2022 Non-Heat Pump Participants vs. Customers without Heat
B. 2022 Heat Pump Participants vs. Customers with Unsupported Pumps
Heat Pumps D. Other or Baseline Only

Outcomes Indicators B C D

Short Term

Percentage of customers aware of heat pumps that learned about
A1 [heat pump by type through channels associated directly with
A Mass Save
. Percentage of customers with ASHP/GSHP who indicated that
Increased customer awareness and understanding

associated benefits of both Installation
Percentage of customers aware of heat pumps that both heat and

A3 |cool; percentage of customer aware of heat pumps for water
heating

B
Customers are satisfied with heat pumps/Customers
entering heating or water heating market hear
positive reviews from customers with HPs

B1 |Percentage customer satisfaction/Net Promoter Score

A
of ASHP/GSHPs/HPs and weatherization, and A2 |contractors advised them on importance of weatherization prior to f

C

Increased availability of HP training/certification C1 |Rates of attendance at manufacturer-offered trainings

Medium Term

*
: L)

Increased number of contractors trained on heat D1 [Number of program-trained installers by heat pump type
pumps and importance of weatherization
E E1 Number of contractors who say they have received training on Baseline
Increased number of ASHP contractors trained in installing integrated controls for use with DMSHPs only
installation of integrated controls for use with E2 Contractor confidence in the effectiveness and reliability of Baseline
DMSHPs integrated controls for use with DMSHPs only

F
Increased number of certified contractors

None |Dropped due to measurement challenges
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Table 31 Continued

C. 2022 Non-Heat Pump Participants vs. Customers without Heat

B. 2022 Heat Pump Participants vs. Customers with Unsupported Pumps
Heat Pumps D. Other or Baseline Only
Outcomes Indicators A C D
Medium Term
Same as A2: Percentage of customers indicating that
G1 (A2) |ASHP/GSHP contractors advised them on importance of See A2 See A2
G weatherization prior to installation
Contractors educate customers on weatherization a2 Rate at which heat pump equipment passes post-installation Not
as needed and install HPs correctly inspection measured
G3 [What installers consider when right-sizing heating/cooling systems Bacs)s:;ne
H1 |Contractor assessment of ASHP full displacement ability Ba(s)(r::lyne
H Ho Percentage of participants opting for full versus partial f
. ) . . displacement
High contractor confidence in ability of HPs to meet -
9 ) . v . Contractor assessment of ability of HPWHs to meet customer Baseline
all customer heating/cooling/water heating needs H3 .
water heating needs only
. . . . ) Baseline
H4  |Rate at which contractors advise against using ASHPs for heating only
| " Number of distributors indicating a change in stocking and/or f
Shifts in distributor inventory and stocking practices inventory practices to accommodate heat pumps
J
Increased supply chain resources devoted to MA J1 Number of heat manufacturers indicating an increase in trainings
heat pump market
K . . .
Distributors and HVAC contractors promote K1 F’ercentage of distributors and/or installers who say they promote Baseline
. integrated controls only
integrated controls
L1 Percent of customers indicating they weatherized their home in
L anticipation of or along with heat pump installation
Percentage of customers indicating they weatherized their home
Increased customer demand for heat pumps and . o ) ) .
- in anticipation of or along with heat pump installation, after
concurrent weatherization measures L2 | . ) . . .
interacting with heating comparison calculator or consultations
with installers
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Table 31 Continued
C. 2022 Non-Heat Pump Participants vs. Customers without Heat

B. 2022 Heat Pump Participants vs. Customers with Unsupported Pumps
Heat Pumps D. Other or Baseline Only
Outcomes Indicators A B C D
Medium Term
Rate of contractors self-reporting they recommend Baseline
M M1 .
. : ASHPs/GSHPs for heating only
Contractors increasingly recommend HPs for Rate of — o th
heating/water heating M2 te of participant customers reportlng that contractor
recommended ASHPs/GSHPs for heating
N . e . .
Contractor confidence designing, selling, and N1 E;agzl::?:eo(jehs?a;izumgeﬁ%ntrzc:gr;;?;:;atlEgaleg:rl:vsel of Base:lne
installing ASHPs/GSHPs/HPWHs gning, sefing, g heat pump only
o Percentage of contractors who started installing HPs in 2022 or
o1
New heat pump market entrants later
Longer Term
Q Proportion of customers indicating preference for heat pumps
Increased customer preference for Q1 |over non-HP heating and cooling equipment/water heatin “
ASHP/GSHP/HPWH over non-HP heating and . 9 g equip 9
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Table 31 Continued

C. 2022 Non-Heat Pump Participants vs. Customers without Heat

B. 2022 Heat Pump Participants vs. Customers with Unsupported Pumps
Heat Pumps D. Other or Baseline Only
Outcomes Indicators A B C D
Longer Term
u
Improved heat pump purchase & installation cost Average or range of upfront equipment cost, installation cost, Not
competitiveness vis-a-vis conventional heating and U1 |weatherization measures, and electrical upgrades required for
. : ; . . . measured
cooling equipment or conventional water heating heat pump installation
equipment
WA Percentage of program-trained installers located in disadvantaged t
w communities
Equity W2 Percentage of program-supported units installed in market-rate

units versus percent installed in low-income units
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5.1.1 Residential Indicator Values

Here we present the residential indicator values. Please note that we use the terms “contractor”
and “installer” interchangeably.

We refer to the customers who responded to the MA22R53-B-RBU survey as “2023 residential
customers” or just “residential customers.” A subgroup of residential customers in the MA22R53-
B-RBU study had heat pumps that they installed without program support at some previous time.
We compare results between this subgroup and the 2021 and 2022 participants only for indicators
that do not require respondents to recall or have been involved with the installation.

We tested for significant differences between respondent groups. All tests of statistical
significance are at the 90% confidence level.

A. Increased customer awareness and understanding of ASHP/GSHPs/HPs and
weatherization, and associated benefits of both
Indicator A1. Percentage of customers aware of heat pumps that learned about heat
pump by type through channels associated directly with Mass Save: Measured as the
percentage of respondents who reported learning about heat pumps through a Mass Save
program, audit, mailing, or website.

» The 2021 program participants reported learning about heat pumps through a Mass
Save program, audit, mailing, or website, at significantly higher rates than 2023
residential customers. One-third (33%) of all 2021 participants indicated learning about
heat pumps through a channel associated with Mass Save compared to 19% of 2023
residential customers. This question was only asked of 2022 participants who installed
space conditioning or water heating equipment other than a heat pump.

» This difference is smaller for participants who installed space conditioning or water
heating equipment other than a heat pump. Of these respondents, 23% of 2021 and
2022 participants indicated learning about heat pumps through a Mass Save program,
audit, mailing, or website, compared to 17% of 2023 residential customers. The
difference is only statistically significant between 2021 participants and 2023
residential customers.

Indicator A2 (G1). Percentage of customers with ASHP/GSHP who indicated that
contractors advised them on importance of weatherization prior to installation:
Measured as the percentage of respondents who reported their contractor spoke to them
about weatherizing their home -either advising them to or did not recommend more.

» The percentage of participating customers who installed a heat pump for space
conditioning that reported their contractor spoke to them about weatherizing their
home prior to installing a heat pump showed significant increases between 2021
and 2022. More than one-half (56%) of 2022 participants indicated their contractor spoke
to them about weatherizing their home, followed by 47% of 2021 participants, as shown
in A2 of Figure 11.

o Central heat pumps: 59% of 2022 participants versus 50% of 2021 participants; this
difference is not statistically significant.
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e Ductless heat pumps: 55% of 2022 participants versus 47%of 2021 participants; this
difference is statistically significant.

¢ Differences in rates between participants who installed central and ductless heat pumps
are not statistically significant

Indicator A3. Percentage of customers aware of heat pumps that both heat and cool;
percentage of customer aware of heat pumps for water heating: Measured as the
percentage of respondents who reported being aware of heat pumps for both heating and
cooling/ heat pumps for water heating.

» The percentages of respondents that are aware of heat pumps that can both heat
and cool significantly increased by year of program participation. Awareness of
heat pumps for water heating also significantly increased by program participation
year. Figure 11 (A3) shows less than one-half (48%) of 2023 residential customers who
did not own a heat pump said they were aware that heat pumps can both heat and cool,
compared to over one-half (56%) of 2021 participants and more than two-thirds (68%) of
2022 participants who did not own a heat pump. Similarly, awareness of heat pumps for
water heating was lowest among the 2023 residential customers (29%) and is higher
among 2022 participants (46%) than among 2021 participants (37%).

NMR —— TETRA TECH
Group, Inc DNV @ 83



MA22X06-B-HPMEIB & MA23X18-B-INTERIMHP JOINT FINAL REPORT

Figure 11: Outcome and Indicator A*

Increased Customer Awareness and Understanding of ASHPs/GSHPs and Weatherization, and
Associated Benefits of Both

A2/G1 - Contractor Spoke to Them About Weatherizing Their Home

2021 Participants who installed ASHPs/GSHPs
(n=529) ;

2022 Participants who installed ASHPs/GSHPs
(n=467) .

A3 - Aware of Heat Pumps for Home Heating and Cooling
(Participants who do not own a heat pump)

2023 Residential customers (Res. Panel 7,
n=4,434) °
2021 Participants who installed HVAC or water
heating equipment (n=139) °
2022 Participants who installed HVAC or water
heating equipment (n=128) °

A3 - Aware of Heat Pumps for Home Water Heating
(Participants who do not own a heat pump)

2023 Residential customers (Res. Panel 7,
n=4,434) °
2021 Participants who installed HVAC or water
heating equipment (n=238) °

2022 Participants who installed HVAC or water
heating equipment (n=171) °

T All differences in values within each indicator group are statistically significant at the 90% confidence level, as indicated
by *.

B. Customers are satisfied with heat pumps/Customers entering heating or water

heating market hear positive reviews from customers with heat pumps
Indicator B1. Percentage customer satisfaction/net promoter score (also stands in for
T1). Measured as the net promoter score (NPS), which measures the rate of word-of-mouth
promotion and stands in as a measure of satisfaction. The NPS is based on the theory that
customers with strong feelings about a program, brand, or experience are more likely to share
their views with others, whether positive or negative. The Team measured NPS by first asking
respondents to rate the likelihood that they would recommend a heat pump to a friend or family
member and using the results to calculate the score. The response scale for this question
ranges from 0 to 10, with 0 being “extremely unlikely” and 10 being “extremely likely.” To
calculate the score, the respondents are grouped into “promoters” (those who respond 9 or
10), “passives” (those who respond 7 or 8), and “detractors” (those who respond 0 to 6). The

NMR —_— @ TETRA TECH
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NPS is the result of subtracting the percentage of detractors from the percentage of promoters
and can range from -100 to +100. According to Qualtrics, “From the absolute NPS position,
any score over 0 would be considered ‘good’ as there are more Promoters than Detractors.”
NPS was originally created to assess brand loyalty. Qualtrics notes that Bain & Company,
creators of NPS, suggest that for brand loyalty, “a score above 0 is good, above 20 is
favorable, above 50 is excellent, and above 80 is world class.”?® It seems reasonable to apply
this categorization to products, too.

> The net promoter scores for ducted and ductless air source heat pumps from
2021 and 2022 program participants were in the “excellent” range and were
significantly higher than the score from residential customers who installed heat
pumps without rebates, which was in the “good” range. The net promoter scores
for heat pump water heaters from 2021 and 2022 program participants were also
in the “excellent” range. Figure 12 shows that 2021 and 2022 participants were
significantly more likely to promote either air source heat pumps by word-of-mouth than
were 2023 residential customers in the general population who had previously installed

a heat pump with program support. These scores are on a scale of -100 to +100.

« The results for central air source heat pump systems were +66 for 2021 participants
and +55 for 2022 participants and for ductless systems were +65 for 2021
participants and +63 2022 participants. Within the context described above, the
NPS values for central and ductless air source heat pumps from 2021 and 2022
participants were “excellent.” These are all statistically significantly higher than the
residential customers in 2023 who reported an NPS score of +16 for central and
ductless heat pumps combined (a good, but not excellent, score based on the
context above).

« There was no significant change from 2021 to 2022 in NPS scores for ductless heat
pumps from participants. While the NPS scores for central ducted heat pumps from
2021 and 2022 participants were both in the excellent range, there was a significant
reduction in the central ducted heat pump scores from 2021 to 2022, from +66 to
+55.

« At +54 and +61, respectively, the 2021 and 2022 participant NPS scores for heat
pump water heaters were also excellent. There was no significant change in the
score from 2021 to 2022.

The heat pump water heater NPS was not calculated for 2023 residential customers.

26 From What is a Good Net Promoter Score (NPS)? - Qualtrics. Accessed December 10, 2023.
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Figure 12: Outcome and Indicator B*

Customers are Satisfied with Heat Pumps/Customers Entering Heating or Water Heating Market Hear Positive
Reviews from Customers with Heat Pumps. NPS scale is -100 to +100.

Air source heat pumps

+16

(2023 Res. Panel 7 n=164)

Central heat pumps - +66*
(2021 n=100, 2022 n=91) +55*
Ductless heat pumps _ +65
(2021 n=429, 2022 n=374) +63
Ground source heat pumps +60
(2021 n =1, 2022 n=2) +56
Heat pump water heaters +54
(2021 n=41,2022 n = 16) +61

-100 -50

o
4]
(@]

100

m 2023 Residential customers with ASHPs w/o rebates
m 2021 Participants who installed ASHPs/GSHPs or HPWHs
m 2022 Participants who installed ASHPs/GSHPs or HPWHs

" Air source heat pumps: Values include central and ductless heat pumps for 2023 residential customers. The difference
in value from 2021 and 2022 participants with air source heat pumps is statistically significant at the 90% confidence
level.

Central heat pumps: Difference in program year values is statistically significant at the 90% confidence level, as
indicated by *. Ductless heat pumps: Values are not statistically different. Ground source heat pumps: Values should
be used for informational purposes only given the small sample sizes.

C. Increased availability of HP training/certification
Indicator C1. Rates of attendance at manufacturer-offered trainings: Measured as
change in attendance at trainings since start of 2022, from interviews conducted with six
manufacturers in February and March of 2023.

> Attendance at manufacturer-offered trainings has increased since the start of

2022
e Five in six manufacturers said attendance increased for space conditioning
trainings

¢ Four in six manufacturers said attendance increased for water heating trainings

D. Increased number of contractors trained on heat pumps and importance of
weatherization

Indicator D1. Number of program-trained installers by heat pump type: Measured as the
number of installers who have taken virtual heat pump training courses through the Mass Save
Energy Efficiency Learning Center.

NMR —_— TETRA TECH
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» The number of individuals attending a heat pump specific training course
(whether residential or C&l) has increased since early 2022. For details see
Appendix B, B.4.3.1 Energy Efficiency Learning Center Trainings.

Indicator E1. Number of contractors who say they have received training on installing
integrated controls for use with DMSHPs: Measured as the percentage of participating
HVAC contractors indicating that they or someone at their company had received training for
installing integrated controls

> As of 2023, the majority of participating HVAC contractors (96%) indicated they
or someone at their company had received training for installing integrated
controls. Contractors who wish to install program-supported air source heat pumps
with integrated controls must join the HPIN and take integrated controls training.
Approximately one-half of our respondents (51%) were listed as 2022 or 2023 HPIN
contractors. Results from non-participating contractors would have been a more
meaningful measurement, but the Team could not obtain survey responses from non-
participating contractors.

Recommendation: Do not re-measure this indicator, as the results are not informative
given that as of January 1, 2023, customers were required to use an HPIN contractor to
be eligible for a rebate, and HPIN contractors are required to take training.

Indicator E2. Contractor confidence in the effectiveness and reliability of integrated
controls for use with DMSHPs: Measured as the percentage of participating HVAC
contractors indicating familiarity with integrated controls; percentage of participating HVAC
contractors indicating confidence in the effectiveness of integrated controls

» As of 2023, about two-thirds of participating HVAC contractors were familiar with
integrated controls, and about one-third were not. Of those who were familiar
with integrated controls, about six in ten were “very confident” in their
effectiveness.

e 67% of participant HVAC contractors indicated they are familiar with integrated

controls

e Of the participating HVAC contractors that indicated they are familiar with integrated

controls, 59% were “very confident” in their effectiveness

Indicator F1-3: Number of ASHP manufacturer-certified contractors, Number of IGSHPA-
certified GSHP contractors, Number of HPWH manufacturer-certified contractors. Not
measured.

» Manufacturer certification is not a viable measurement of market outcomes
affected by the PA support. Two interviewed C&l space conditioning and all water
heater heat pump manufacturers said they avoid offering certifications to avoid
legal liability, and the Team was unable to obtain this material by web scraping.

NIVIR ——— TETRA TECH
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G. Contractors educate customers on weatherization as needed and install HPs
correctly
Indicator G1 (A2). Percentage of customers indicating that ASHP/GSHP contractors
advised them on importance of weatherization prior to installation: Measured as the
percentage of respondents who reported their contractor spoke to them about weatherizing
their home — either advising them to or did not recommend more.

> Indicators A2 and G1 use the same indicator to measure two different outcomes. See
A2 above for discussion of results.

Indicator G2: Rate at which heat pump equipment passes post-installation inspection:
Not measured in either study. The Evaluation Team expects to measure this retroactively to
2021 in the next study.

Indicator G3. What installers consider when right-sizing heating/cooling systems:
Measured as the percentage of participating HVAC contractors that install ASHPS indicating:
their company uses Manual J, S, and/or D as their primary method to determine heating
capacity of installed systems and their company gathers very detailed information for Manual
J load calculations

> As of 2023, most companies with participating contractors frequently use Manual
J, S, or D as their primary method to determine heating capacity

e 84% of participating HVAC contractors indicated their company uses Manual J, S,
and/or D as their primary method to determine heating capacity of installed systems

o 78% of participating HVAC contractors indicated their company “almost always” or
“always” performs Manual J load calculations

» As of 2023, most companies with participating contractors do not gather very
detailed information for Manual J Load calculations

e The average level of detail participating HVAC contractors’ companies typically gather
for Manual J calculations, on a scale of 1 (“extremely limited detail”) to 10 (“extremely
detailed”) is 6.6

o 24% of participating HVAC contractors indicated their company gathers very detailed
information for Manual J load (i.e., a rating of 9 or 10)

e The level of detail asked by Manual J software may deter some contractors from
performing an accurate Manual J calculation. To save time, they might skip it entirely
or rely on assumptions that do not match the home (e.g., insulation R-values, window
U-factors and areas, and so forth).

H. High contractor confidence in ability of HPs to meet all customer
heating/cooling/water heating needs
Indicator H1. Contractor assessment of ASHP full displacement ability: Measured as the
percentage of participating HVAC contractors that agreed cold-climate ASHPs are good full
replacements for oil, propane, and gas heating systems

> As of 2023, 50% of participating HVAC contractors agreed cold-climate ASHPs
are good full replacements for oil, propane, and gas heating systems

NIVIR ——— TETRA TECH
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> As of 2023, 62% of participating HVAC contractors reported being satisfied with
the ability of cold-climate ASHPs to meet customer space heating needs even on
the coldest days

Indicator H2 (S5). Percentage of participants opting for full versus partial displacement:
Measured as the percentage of respondents who reported their previous system was removed
or disconnected but not replaced (full displacement) and the percentage of respondents who
reported their previous system was removed and replaced with the same system or the
previous system is still installed and operating (partial displacement).

> The percentage of respondents that reported fully displacing their previous
system with a heat pump significantly increased by year of program
participation. Figure 13 shows more 2022 participants (31%) fully displaced their
existing system with a heat pump than compared to 2021 participants (24%) and 2023
residential customers (13%).

> Note that in 2024, whole home requirements became more explicit in terms of fossil
fuel equipment removal. These data may not be an accurate baseline for future
indicator measurement.

Figure 13: Outcome and Indicator H1*
High Contractor Confidence in Ability of Heat Pumps to Meet All Customer Heating/Cooling/Water Heating Needs

H2/85 - Full Versus Partial Displacement

2023 Residential customers with ASHPs

w/o rebates (Res. Panel 7, n=167) e £ -

2021 Participants who installed ASHPs

(n=328) 24%™ 75%™

2022 Participants who installed ASHPs

(n=327) 31%* 66% 3%

mFull displacement m Partial displacement m®mDon't know

YFull displacement: Differences in values are statistically significant at the 90% confidence level, as indicated by *.

Partial displacement. 2021 participant values are statistically different from 2023 residential customer and 2022
participant values at the 90% confidence level, as indicated by **.

Indicator H3. Contractor assessment of ability of HPWHs to meet customer water
heating needs: Measured as the percentage of participating water heating contractors
satisfied with HPWH ability to meet customer water heating needs

> As of 2023, 78% of participating water heating contractors are satisfied with heat
pump water heater ability to meet customer water heating needs

Indicator H4. Rate at which contractors advise against using ASHPs for heating:
Measured as the percentage of participating HVAC contractors that agreed that, in cold
climates, ductless air source heat pumps should be used for cooling only

NMR = TETRA TECH
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> As of 2023, less than one-third of participating HVAC contractors (27%) agreed
that ductless air source heat pumps should be used for cooling only in cold
climates

I. Shifts in distributor inventory and stocking practices
This indicator is shared with commercial and industrial. For convenience we report it in both
sections.

Indicator 11: Number of distributors indicating a change in stocking and/or inventory
practices to accommodate heat pumps. Measured as percentage of Mass Save
participating distributors who reported selling residential- or commercial-duty cooling, heating,
or water heating equipment and changed the types of cooling, heating, or water heating
equipment they keep in inventory by increasing their inventory of heat pumps.

» Between 2021 and mid-2023, the majority of Mass Save-participating distributors that
sell residential- or commercial-duty changed the types of cooling equipment they keep
in inventory by increasing their inventory of air source heat pumps; about one-third
changed the types of heating equipment they keep in inventory by increasing their
inventory of air source heat pumps or of program-supported equipment; and slightly
less than one-third changed the types of water heating equipment they keep in
inventory by increasing their inventory of heat pump water heaters.

e Eight of 13 Mass Save participating distributors (62%) that sell residential- or
commercial-duty cooling equipment changed the types of cooling equipment they keep
in inventory by increasing their inventory of air source heat pumps

e Five of 14 Mass Save participating distributors (36%) that sell residential- or
commercial-duty heating equipment changed the types of heating equipment they
keep in inventory by increasing their inventory of air source heat pumps or of program-
supported equipment

e Three of 11 participating distributors (27%) that sell residential- or commercial-duty
water heating equipment changed the types of water heating equipment they keep in
inventory by increasing their inventory of heat pump water heaters

J. Increased supply chain resources devoted to MA heat pump market
Indicator J1. Number of heat pump manufacturers indicating an increase in trainings:
Measured as the change in the number of trainings offered since start of 2022 from interviews
conducted with six manufacturers in February and March 2023.

» The number of residential trainings offered by heat pump manufacturers
increased since the start of 2022 (Table 32)

¢ Five in six manufacturers said number of trainings increased for space conditioning
trainings

e Four in six manufacturers said number of trainings increased for water heating
trainings
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Table 32: Manufacturer Indicator Measurements

Indicator Space Conditioning Water Heating
Residential (Indicators C2 & J1)
Increase in number of trainings offered n=6 n=4
since start of 2022 Increase: 5 Increase: 4
No response: 1
Increase in attendance at trainings n=6 n=4
since start of 2022 Increase: 5 Increase: 4

No response: 1

K. Distributors and HVAC contractors promote integrated controls

Indicator K1: Percentage of distributors and/or installers who say they promote integrated
controls. Measured as percentage of distributors who stock integrated controls, and of those who
stock them, average response to the question “When you sell a ductless heat pump system to
use with another new or existing heating system, how likely are you to recommend also
purchasing integrated controls?”

» Nearly three-quarters of interviewed distributors sold integrated controls. Based
on these distributors responses to the question “When you sell a ductless heat
pump system to use with another new or existing heating system, how likely are
you to recommend also purchasing integrated controls?” their likelihood of
promoting integrated controls is fairly high. Eight of 11 distributors that sold air
source heat pumps also sold integrated controls. On a scale of 0 to 10, where 0 means
“‘extremely unlikely” and 10 means “extremely likely,” 8 was the average response to
the seven of the eight distributors that answered the question “When you sell a ductless
heat pump system to use with another new or existing heating system, how likely are
you to recommend also purchasing integrated controls?” with an average response of
7.7 on a scale of 0 to 10, where 0 means “extremely unlikely” and 10 means “extremely
likely.”

L. Increased customer demand for heat pumps and concurrent weatherization
measures

The Evaluation Team had originally planned to rely on program tracking data to track progress
toward this outcome but found that the programs did not track weatherization in conjunction with
heat pump installation. As a result, we tracked progress toward this outcome through the
participating customer surveys.

Indicator L1. Percentage of customers indicating they weatherized their home in
anticipation of or along with heat pump installation: Measured as the percentage of
respondents who reported weatherizing their home prior to or as part of installing a heat pump.

> The percentage of respondents that reported weatherizing their home prior to or
along with installing their heat pump increased significantly over each program
year. More than one-half of 2021 participants (56%) and even more 2022 participants
(64%) reported weatherizing their home prior to or along with installing their heat pump,
as shown in L1 of Figure 14. Sufficient weatherization became a requirement for whole
home incentives in 2022.
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Indicator L2. Percentage of customers indicating they weatherized their home in
anticipation of or along with heat pump installation, after interacting with heating
comparison calculator or consultations with installers: Measured as the percentage of
respondents who reported weatherizing their home after their contractor recommended it.

> Most program participants reported weatherizing their home after their
contractor recommended it. The majority of 2021 participants (85%) and 2022
participants (89%) reported weatherizing their home after their contractor
recommended it, though this difference is not statistically significant (L2 of Figure 14).

Figure 14: Outcome and Indicator L'
Increased Customer Demand for Heat Pumps and Concurrent Weatherization Measures

L1 - Weatherized Prior To or As Part of Installinga Heat Pump

2021 Participants who installed ASHPs/GSHPs
(n=529) °

2022 Participants who installed ASHPs/GSHPs
(n=468) °

L2 - Weatherized After Contractor Recommended It

2021 Participants who installed ASHPs/GSHPs
(n=529) °

2022 Participants who installed ASHPs/GSHPs
(n=468) 2

" L1: Differences in values are statistically significant at the 90% confidence level, as indicated by *. L2: Differences in
values are not statistically significant.

M. Contractors increasingly recommend HPs for heating/water heating
Indicator M1. Rate of contractors self-reporting they recommend ASHPs/GSHPs for
heating: Measured as the percentage of participating HVAC contractors indicating they
recommend heat pumps for heating as well as cooling; percentage of participating water
heater contractors that agree their company regularly recommends HPWHS for water heating

» The majority of participating HVAC contractors often recommend heat pumps for
heating as well as cooling, in situations where appropriate
o 71% of ductless heat pumps and 69% of ducted heat pumps

» 68% of participating water heating contractors indicated their company often
recommend heat pump water heaters for water heating

Indicator M2. Rate of participant customers reporting that contractor recommended
ASHPs/GSHPs for heating or HPWH for water heating: Measured as the percentage of
respondents who reported their contractor told them their heat pump can provide most or all
of the heating of the part of the home it was designed to serve, even on the coldest days.

> The percentage of customer respondents that reported their contractor told them
their heat pump can provide most or all of the heating for the part of the home it
was designed to serve increased over each program year.
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e Central heat pumps: The share increased from 20% amongst 2021 participants to 27%
amongst 2022 participants. The difference in values is not statistically significant.

e Ductless heat pumps: The share significantly increased from 30% amongst 2021
participants to 43% amongst 2022 participants.

Figure 15: Outcome and Indicator M’

Contractors Increasingly Recommend Heat Pumps for Heating/Water Heating

M2 - Contractor Told Them to Use Their ASHP for Most or All Heating
of Part of Home It was Designed to Serve, Even On the Coldest Days

2021 Participants who installed ASHPs 20%

(CHP n=100, DHP n=429) 30%*
2022 Participants who installed ASHPs 27%

(CHP n=91, DHP n=374) 43%*

mCentral heat pumps  mDuctless heat pumps

" Central heat pumps: Difference in values is not statistically significant. Ductless heat pumps: Difference in values is
statistically significant at the 90% confidence level, as indicated by *.

N. Contractor confidence designing, selling, and installing ASHPs/GSHPs/HPWHs
Indicator N1. Proportion of heat pump contractors indicating high level of confidence
designing, selling, and installing heat pumps: Measured as the percentage of participating
HVAC or water heater contractors indicating their company’s technicians can easily install
ASHPs/HPWHS correctly.

» 91% of participating HVAC contractors said their company’s technicians can
easily install ASHPS correctly

> 85% of participating water heater contractors said their company’s technicians
can easily install HPWHs correctly

O. New heat pump market entrants
Indicator O1. Percentage of contractors who started installing HPs in 2022 or later:
Measured as the percentage of participating HVAC or water heater contractors indicating they
started installing ASHPs/HPWHs in 2022

» There is evidence of some residential HVAC and water heating contractors
entering the heat pump market as recently as 2022
e 13% of participating residential HVAC contractors said they started installing ASHPs
in 2022
e 15% of participating residential water heating contractors said they started installing
HPWH in 2022

There is no P indicator.
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Q. Increased customer preference for ASHP/GSHP/HPWH over non-HP heating and
cooling or water heating equipment
Q1. Proportion of customers indicating preference for heat pumps over non-HP heating
and cooling equipment/water heating equipment. Measured as percentage of customers
without a heat pump for space conditioning, or without a heat pump water heater, who said
they would be “somewhat” or “very” interested (a 4 or 5 rating on a scale of 1 to 5) in adding
heat pump to their home for space conditioning or water heating under various circumstances.

> Between 2022 and 2023, an average of 35% of general residential customers
without air conditioning said they would be somewhat or very interested in
installing a heat pump for space conditioning if they could keep their existing
heating system as a backup. Residential customers without air conditioning
report greater levels of interest in switching to a heat pump while keeping their
existing heating system than customers with air conditioning. This difference is
statistically significant.

Over one-third of the residential customers (36%) with a furnace or boiler but no air
conditioning who were surveyed for the Massachusetts Residential Building Use and
Equipment Characterization Study (MA22R53-B-RBU) in 2023 said they would be
somewhat or very interested in installing a heat pump for space conditioning if they could
keep their existing heating system as a backup, and just under a quarter (23%) would be
somewhat or very interested in installing one if they had to get rid of their existing heating
system. (Figure 16) These rates are similar to those of general residential customers
surveyed in 2022, the differences between years are not statistically significant.

About three in ten residential customers with a furnace or boiler and air conditioning said
they would be somewhat or very interested in installing a heat pump for space conditioning
if they could keep their existing heating system as a backup (29% and 30%, respectively),
and just under one-quarter would be somewhat or very interested in installing one if they
had to get rid of their existing heating system (23% in 2023). (Figure 17)
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Figure 16: Interest in a Heat Pump for Space Conditioning —Customers without
Any Type of AC '

(How willing would you be to add a heat pump to your home to provide heating and cooling most of the
time, while keeping your existing heating system as a backup? How willing would you be to add a heat
pump to your home to provide heating and cooling all of the time, while getting rid of your existing heating
system?)

(Base: 2022 and 2023 residential customers; 4 or 5 responses on a scale of 1 to 5)

Keeping your existing heating system as a backup?

2022

(n=2,441) 34%

2023
(n=2,535)

36%

Getting rid of your existing heating system?
2022
(n=2,331)

2023
(n=2,534)

24%

23%

" Base: Customers with furnace or boiler and no central or ductless air conditioning

Figure 17: Interest in a Heat Pump for Space Conditioning — Customers with CAC*
(How willing would you be to switch from your central air conditioner that provides only cooling to a
central heat pump that provides both cooling and heating, while...)

(Base: 2022 and 2023 residential customers; 4 or 5 responses on a scale of 1 to 5)

Keeping your existing heating system?
2022
(n=993)

2023
(n=1,389)

29%

30%

Getting rid of your existing heating system?

2023
(n=1,389)

23%

" Base: Customers with furnace or boiler and no central or ductless air conditioning

R. Customers with delivered heating adopt heat pumps with integrated controls
Indicator R1. Percentage of program participants who installed DMSHPs with
integrated controls who report using DMSHPs for heating: Measured as the percentage
of program participants who installed DMSHPs with integrated controls who report using
DMSHPs for heating

> Of the participants who installed DMSHPs with integrated controls, 93% used it
for both heating and cooling. The remaining 7% of respondents reported using the
DMSHPs with integrated controls for cooling only.
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Indicator R2. Rate at which customers use integrated control to automatically switch
between heat pump and other heating system: Measured as the rate at which customers
use integrated control to automatically switch between heat pump and other heating system.

> Of the participants who reported their integrated controls were still installed and
working, 58% (35% of all respondents) with ductless systems and integrated
controls, said they relied on their integrated controls to automatically switch
between the heat pump and their other heating system.

S. High customer reliance on ASHP/GSHP for both heating and cooling
Indicator S1. Proportion of heat pump customers indicating a high level of reliance on
heat pumps for heating: Measured as the percentage of respondents who reported they
either removed their previous heating system or said their existing system is a backup.

> The percentage of participating customers that reported a high level of reliance
of heat pumps for heating increased over each program year. Nearly two-thirds of
2022 participants (62%) reported either removing their previous heating system or said
their existing system is back up, more than the 47% of 2021 participants and 26% of
2023 residential customers (S1 in Figure 18).

Indicator S2. Proportion of heat pump customers indicating a high reliance for both
heating and cooling: Measured as the percentage of respondents who reported using their
air source heat pump either for heating only or for both heating and cooling.

> Nearly all program respondents reported using their heat pump for heating only
or for both heating and cooling. More than nine in ten 2021 participants (93%) and
almost all 2022 participants (96%) reported using their air source heat pumps for
heating; both are significantly higher than the 77% of 2023 residential customers who
reported using their air source heat pump for heating (S3 in Figure 18).

Indicator S3 (H2). Percentage of participants opting for full versus partial displacement:
Measured as the percentage of respondents who reported their previous system was removed
or disconnected, and it was not replaced (full displacement) and the percentage of
respondents who reported their previous system was removed and replaced with the same
system or the previous system is still installed and operating (partial displacement).

» Indicators S3 and H2 use the same indicator to measure two different outcomes. See
H2 above for discussion of results.
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Figure 18: Outcome and Indicator S*
High Customer Reliance on ASHPs/GSHPs for Both Heating and Cooling

$1 - Either Removed Previous Heating System or Said Existing
System is a Backup

2023 Residential customers with ASHPs
w/o rebates (Res. Panel 7, n=167) .
2021 Participants who installed ASHPs
(n=328) .
2022 Participants who installed ASHPs
(n=327) :

S3 - Use ASHP Either for Heating Only or For Both Coolingand
Heating

2023 Residential customers with ASHPs
w/o rebates (Res. Panel 7, n=164) :
2021 Partcpants ho nstaled ASHPs
(n=526) .
2022 Paricipanis who nstalled ASHPs
(n=447) .

* All differences in values within each indicator group are statistically significant at the 90% confidence level, as indicated
by *.

T. Market Satisfaction with Heat Pumps
Indicator T1 (B1). Customer perception of home comfort when heating with heat
pumps: Measured as the percentage of customer satisfaction or net promoter score.

> See B1 above for discussion of results.

Indicator T2. Percentage of contractors indicating high level of satisfaction with heat
pump equipment: Measured as the percentage of participating HVAC or water heater
contractors indicating of participating HVAC contractors indicating satisfaction with
ASHPs/HPWHSs

» Participating HVAC contractors indicated high levels satisfaction with ASHPs

o Ease of installation: 97% ductless, 83% ducted

e Overall performance: 88% ductless, 71% ducted

e Customer call-backs: 79% ductless, 66% ducted

e Maintenance: 73%

o Ability of cold-climate systems to meet customer space heating needs even on the
coldest days: 62%

» Participating water heater contractors indicated high levels satisfaction with
HPWHs

e Ease of installation: 83%

e Overall performance: 67%

e Customer call backs: 84%
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¢ Maintenance: 81%
¢ Ability to meet customer water heating needs: 78%

U. Improved heat pump purchase & installation cost competitiveness vis-a-vis
conventional heating and cooling equipment or conventional water heating
equipment

Not measured in either study.

W. Equity
Indicator W1. Percentage of program-trained installers located in disadvantaged
communities: Measured as the percentage of HPIN installers located in Hard-to-Reach
(HTR) communities. HTR communities are municipalities served by an electric and/or gas PA
with historically low program participation rates and at least one environmental justice census
block. See Appendix B for more information about HTR population measurement.

» The percentage of HPIN installer companies located in HTR communities grew
from 21% to 27% from Q1 2022 to Q2 2023. See Appendix B for detailed findings on
this indicator.

Indicator W2. Percentage of program-supported units installed in market-rate units
versus percent installed in low- and moderate-income units: Measured as the percentage
of ASHPs and HPWHs installed by income group in homes of Residential Coordinated
Delivery and Residential Retail participants; the percentage of customers in HTR communities
that received ASHP rebates.

» Low- or moderate-income participation in the Residential Coordinated Delivery
and Residential Retail programs was unchanged from 2021 to 2022, except for
central heat pumps, significantly decreased (Figure 19). Low and moderate-income
participation in Residential Coordinated Delivery and Residential Retail programs
decreased from 25% to 15% for central heat pumps. Results are based on self-reported
income from survey respondents. Differences in rates for other heat pump equipment
types between 2021 to 2022 were not statistically significant.
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Figure 19: Residential Coordinated Delivery and Residential Retail Program
Participation by Income Status’

2021 (n=95) 25%* 53% 22%

2022 (n=90) WEIEe 59% 26%

Central heat
pumps

2021 (n=427) 26% 50% 24%

2022 (n=376) 27% 50% 23%

Ductless
heat pumps

2021 (n=1) 40% 40% 20%

2022 (n=2) EREA 56% 33%

Ground
source heat
pumps

2021 (n=40) 32% 49% 18%

Heat pump
water
heaters

2022 (n=16) 16% 42% 42%

m Low/moderate income  m Not low/moderate income  mRefused

" Difference is statistically significant at the 90% confidence level, as indicated by *.

» The percentage of rebates processed in HTR communities increased from
PY2021 to PY2022 for air source heat pumps and integrated controls for use with
them, and for heat pump water heaters (Figure 20, Figure 21). See Appendix B for
additional findings on HTR Communities.

DAV

TE| TETRA TECH 99

DNV




MA22X06-B-HPMEIB & MA23X18-B-INTERIMHP JOINT FINAL REPORT

Figure 20: Percentage of Rebates by Heat Pump Type, Year, and HTR Community

Status
16,000
12,000
8,000
16%
4,000 9%

. 14% 24%

i mu B

2021 2022 2021 2022 2021 2022

Ducted ASHPs Ductless ASHPs HPWHs

® Homes in Hard-to-Reach communities

m Homes in Non-Hard-to-Reach Communities

Figure 21: Number of Homes that Received Ductless ASHP Rebates Located in a
HTR Community, by Integrated Control Status

12,000
8,000
4,000 35%
- .

2021 2022 2021 2022
Without Integrated Controls With Integrated Controls
m Homes in Hard-to-Reach communities

m Homes in Non-Hard-to-Reach Communities
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5.2 COMMERCIAL AND INDUSTRIAL INDICATORS

Table 33 below shows the outcomes expected in the C&l space conditioning and water heating
markets from program support and the indicator(s) by which the evaluation measured progress
towards the outcomes. Unlike the residential portion of the evaluations, since there was only one
C&l customer survey (of participating 2021 customers) few of the C&l indicators show change
over time. The indicators that show change over time were gathered from interviews with
manufacturers, distributors, or contractors and have an arrow showing direction of change in the
Direction of Change column. The other indicators have only a baseline measurement and cannot
yet show change. These indicators show “baseline only” in the Direction of Change column.
Detailed results for each indicator follow the table.

Table 33: Commercial Outcomes and Related Indicators, and Direction of Change

Over Time
Outcomes Indicators Direction
of Change
Short Term

Number and percentage of C&l customers (out of all C&l customers)
A1l indicating awareness of ASHP, VRF, GSHP, or WSHP for both heating | Baseline only
and cooling and HPWH for water heating.

A Number and percentage of C&l customers (out of those exposed to
Increased customer A2 program strategies) that indicated a change in perception(s) on Baseline only
awareness and ASHPs, VRFs, GSHPs, WSHPs, & HPWHs as a result of PA program
understanding of ASHP/ activities (to gauge understanding).
GSHPs/ heat pumps and A3 Percentage of C&l customers (out of those exposed to PA strategies) Baseline only
weatherization, and reporting heat pump benefits that are promoted by the PA activities.
associated benefits of both Number and percentage of C&l customers (out of all C&l customers)
that learned about PA promoted equipment after interacting with heat .
Ad Baseline only

pump and weatherization tools, marketing information, and/or receiving
technical support.

Number and percentage of C&l contractors (out of all C&l contractors
D D1 in the participant & non-participant sample frames) trained on ASHPs, f
VRFs, GSHPs, HPWHs and/or weatherization for C&l purposes
Increased number of
contractors trained on ASHPs, Percentage of contractors (out of contractors who received training via
VRFs, GSHPs & weatherization the PA-supported online platform or in-person training with

D2 Baseline only

manufacturers) accessing program-promoted training more than once
for C&l purposes.
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Table 33 Continued

Indicators

Medium Term

Direction
of Change

G

Percentage of C&l customers who indicated no issues with the

Contractors sell & install G1 . ) . . Baseline only
equipment correctly installed equipment (out of those that installed the equipment)
I Number and percentage of distributors (out of those that received program
T . stipend for sales data) indicating a change in stocking and/ or inventory ‘
Shifts in dlstrl.butor |n\{entory " practices to accommodate ASHPs, VRFs, GSHPs, WSHPs and HPWHs for
and stocking practices .
C&l applications.
Number and percentage of ASHP, VRF, and GSHP manufacturers (out of
J J1 those interacting with the PA staff/implementers) indicating an increase in f
| d v chai trainings for C&l purposes
ncreased supply chain Number and percentage of distributors (out of those that received
resources devoted to MA 2 program stipend for sales data) indicating a change in stocking and/ or f
heat pump market inventory practices to accommodate ASHPs, VRFs, GSHPs, WSHPs
and HPWHs for C&l applications
L1 Percentage of customers who installed ASHP, VRF, GSHP, WSHP, Baseli |
L HPWH (out of all C&I customers) aseline only
Increased customer demand Number and percentage of C&l customers (out of those that installed
for heat pumps and L2 ASHP, VRF, or GSHP) indicating they weatherized their business in Baseline only
PUmps and anticipation of ASHP, VRF, or GSHP installation (total)
concurrent weatherization — —
measures Number and percentage of participating C&l customers indicating they
L3 made upgrades to their building(s) in anticipation of HPWH installation | Baseline only
(total)
N Proportion of ASHP, VRF, and GSHP trained contractors indicating
Contract fid N1 high level of confidence designing, selling, and/or installing ASHPs, Baseline only
J ontractor °°”” ! e”"i VRFs, and GSHPs, and HPWHs for C&I purposes
eS|gn|.ng, S? g, an What is considered (i.e., type and number of building, equipment, and
installing N2 |other factors) when right-sizing C&l heating/cooling system(s) (to Baseline onl
ASHPs/GSHPs/HPWHSs nng g g/cooling sy ine only
gauge understanding).
o1 Number and percentage of C&l contractors who started installing heat f
pumps in 2022 or later
(0] Number and percentage of C&l ASHP, VRF, GSHP, WSHP and
New heat pump market 02 HPWH trained contractors indicating heat pumps are a certain Baseline only
entrants percentage of their business
Number and percentage of distributors that first started keeping heat .
03 L . Baseline only
pumps in inventory in 2022 or later
Long Term
Percentage of program-incentive-eligible sales out of total sales by Possible
Q Q1 technology type upward trend
Increased customer 9y P
ASHP%eSfeHrIi?:I(;\jSIF-I Q2 |Proportion of C&l customer preference for ASHPs, VRFs, GSHPs, Baseline only
HP heati d ov;er WSHPs, and HPWHSs over non-HP C&l heating and cooling equipment
”oor”v'vater s:;:g 32 u?°;;“n‘~i Qs |Proportion of installations that are ASHP, VRF, GSHP, WSHP, or Baseline onl
g equip HPWH out of all reported installations aseline only
Proportion of heat pump customers indicating a high level of reliance .
s 51 on heat pumps for heating Baseline only
Proportion of heat pump customers indicating a high level of reliance
High customer reliance on S2 port Pu p Y indicating & high lev ! Baseline only
) on heat pumps for cooling
AS/GS HP for both heating - — - -
and coolin s3 Proportion of heat pump customers indicating a high level of reliance Baseli |
9 on heat pumps for heating and cooling aseline only
S5 Percentage of participants opting for full versus partial displacement Baseline only
Proportion of C&l ASHP, VRF, GSHP, WSHP and HPWH customers .
T T1 Lo . . ) . . Baseline only
Market satisfati ith heat indicating high level of satisfaction with equipment
arket safistaction with hea Proportion of C&l ASHP, VRF, GSHP, WSHP, and HPWH contractors _
pumps T2 Baseline only

indicating high level of satisfaction with equipment

L
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5.2.1 C&l Indicator Values

Although the Evaluation Team cannot comment on whether the indicators shown below are
changing over time, we identified those indicator findings that suggest an opportunity for
improvement in program support, highlighted in blue.

A: Increased customer awareness and understanding of ASHP/ GSHPs/ heat
pumps and weatherization, and associated benefits of both

To help increase awareness and understanding of heat pump technologies, PAs have funded
both customer- and supplier-facing marketing, outreach, and training activities designed to
promote awareness and benefits of heat pumps (see Appendix B for details on program activities).

Indicator A1: Number and percentage of C&l customers (out of all C&l customers)
indicating awareness of ASHP, VRF, GSHP, or WSHP for both heating and cooling and
HPWH for water heating. Measured as the percentage of those who had not yet installed a heat
pump and reported awareness of a heat pump.

» C&I customers with non-heat pump equipment were less aware of heat pumps than
Mass Save participants with non-heat pump equipment.

e 54% of C&l customers who did not install a heat pump were aware of a heat pump
(n=615).%"

e 74% of 2021 Mass Save participants who did not install a heat pump were aware of a
heat pump in 2023 (n=71).

o Awareness of specific types of heat pumps (ducted air source, ductless air source,
etc.) varied between 10% and 44% for C&l customers with non-heat pump equipment
and between 29% to 52% for Mass Save participants with non-heat pump equipment.

Figure 22: Awareness of Specific Heat Pump Technologies

B Mass Save Participants, No Heat Pump Installed (n=71; 2021 participants surveyed in 2023)*

m 2023 C&l Customer Survey No Heat Pump Installed (n=615)
75% 52% % N 45% 52% 51%

) 0 44%
5§90 35% 29% 32% 26%
2 30% 10% 12%
< 15% -
X 0%
Ducted air source  Ductless air Variable Ground source ~ Water source Heat Pump Water
heat pumps source heat  Refrigerant Flow heat pumps or heat pumps  Heaters (HPWH)
(including central pumps (or mini- (VRF) heat geothermal heat
heat pumps) splits) pumps pumps

* For HPWH, n=95.

Indicator A2: Number and percentage of C&l customers (out of those exposed to program
strategies) that indicated a change in perception(s) on ASHPs, VRFs, GSHPs, WSHPs, &

27 These estimates are from the 2023 Massachusetts Existing Building C&l Baseline Study: a customer survey. The
analysis of onsite verification information has not yet been complete. Thus, the Evaluation Team will update any
estimates from this study when onsite verification information assessment is complete.
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HPWHSs as a result of PA program activities, to gauge understanding. Measured as the
percentage of those who first learned of heat pumps from a non-Mass Save or PA source and
reported Mass Save or PA resource, when used later, impacted their heat pump perceptions of
reliability and cost.

» Mass Save resources had a small to moderate positive impact on Mass Save non-heat
pump and heat pump C&I participant perceptions of heat pump reliability.

o 44% of 2021 Mass Save heat pump and non-heat pump C&l participants who indicated
using a Mass Save or PA resource to learn more about heat pumps after learning of
them from another source, indicated Mass Save made them think heat pumps were
much or somewhat more reliable for space conditioning than before (n=27).

o 38% of 2021 Mass Save non-heat pump water heating C&l participants who indicated
using a Mass Save or PA resource to learn more about HPWH after learning of them
from another source, indicated Mass Save made them think HPWH were much or
somewhat more reliable than before (n=12).

» Mass Save resources had small to moderate positive impact on Mass Save non-heat
pump or heat pump C&l participant perception of operational cost.

e 41% of 2021 Mass Save heat pump and non-heat pump C&l participants who indicated
using a Mass Save or PA resource to learn more about heat pumps after learning of them
from another source, indicated Mass Save made them think heat pumps cost less to
operate than before they interacted with the Mass Save or PA resource (n=27).

o 24% of 2021 Mass Save non-heat pump water heating C&l participants who indicated
using a Mass Save or PA resource to learn more about HPWH after learning of them from
another source, indicated Mass Save made them think HPWH are less expensive to
operate than before they interacted with the Mass Save or PA resource (n=12).

Indicator A3: Percentage of C&l customers (out of those exposed to PA strategies)
reporting heat pump benefits that are promoted by the PA activities. Measured as the
percentage of those with and without heat pump who reported high confidence (a rating of 8 or
above on a 0 to 10 scale) in heat pump ability to heat and/or cool.

» Mass Save C&l participants who installed non-heat pump equipment expressed lower
confidence in heat pump systems’ ability to both heat and cool their facility than those
who installed a heat pump.

e 81% and 83% of Mass Save C&l participants who installed a heat pump expressed high
confidence (a rating of 8 or above; see Figure 23) in the heat pump systems’ ability to heat
and cool their facility, respectively.

¢ In contrast, 51% and 43% of Mass Save C&l participants who installed a non-heat pump
system expressed high confidence (a rating of 8 or above; see Figure 23) in the heat pump
systems’ ability to heat and cool their facility, respectively.
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Figure 23: How reliable is your organization’s new heat pump heating system in
terms of its ability to heat/cool your organization’s space?
(n=24; 2021 Mass Save Participants Who Installed a Heat Pump, Surveyed in 2023)
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Figure 24: Even though the equipment you got through the program was not a
heat pump, how confident would you expect to be about the ability of the heat
pump system to meet the heating or cooling needs served by the new

equipment?
(n=58; 2021 Mass Save Participants Who Installed a Non-Heat Pump System, Surveyed in 2023)
23% 23%
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e Those C&l Mass Save participants who installed a fossil-fuel water heating equipment
expressed high confidence in HPWHSs’ ability to heat water (75% gave a rating of 8 or
above).
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Figure 25: Even though your organization does not use a heat pump water heater,
how confident would you expect to be about the ability of a heat pump water
heater to meet the water heating needs of the space served by it?

(n=12; Mass Save Participants Who Installed a Fossil-fuel Water Heater)
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Indicator A4: Number and percentage of C&l customers (out of all C&l customers) that
learned about PA promoted equipment after interacting with heat pump and
weatherization tools, marketing information, and/or receiving technical support. Measured
as the percentage of those who had not yet installed a heat pump but learned about heat pumps
from Mass Save or PA resource.

» Among 2021 C&I customers who did not install a heat pump, three in ten (27%) learned
about heat pumps from Mass Save or PA resource (n=100).2% Similarly, among the
Mass Save heat pump and non-heat pump participants, three in ten (31%) learned
about heat pumps (for the first time or later) from Mass Save or PA resources (n=53).

Indicators B and C are for residential only.

D: Increased number of contractors trained on ASHPs, VRFs, GSHPs &
weatherization

Indicator D1: Number and percentage of C&Il contractors (out of all C&l contractors in the
participant & non-participant sample frames) trained on ASHPs, VRFs, GSHPs, HPWHSs
and/or weatherization for C&l purposes.?° Measured as the average percentage of Mass Save
participating C&l installers trained on ASHPs, VRFs, or HPWHSs per installer company.

The Evaluation Team had limited survey data from nonparticipating C&l installers (n=3) and thus
did not report an average value from that data source.

» As of 2023, the majority of C&l heating and cooling installers have taken some type of
ASHP and VRF training, which is not the case for HPWH installers. The C&l Mass Save
participating installers (n=20) reported on average:

28 |bid.
29 Revised by removing from the indicator the phrasing “for the first time” since those interviewed could not comment

on when company employees were trained.

M ﬁ @ TETRA TECH o



MA22X06-B-HPMEIB & MA23X18-B-INTERIMHP JOINT FINAL REPORT

> 97% of their staff were trained on ASHPs
> 62% were trained on VRFs
» 36% were trained on HPWHs

Indicator D2: Percentage of contractors (out of contractors who received training via the
PA-supported online platform or in-person training with manufacturers) accessing
program-promoted training more than once for C&I purposes. Measured as the percentage
of installer firms that sent staff to more than one Mass Save Energy Efficiency Learning Center’s
heat pump or weatherization C&l class.

» 61% of installer firms sent staff to more than one Mass Save Energy Efficiency
Learning Center’s heat pump or weatherization C&l class

There is no indicator E for C&l.

F: Increased number of ASHP, VRF, & GSHP manufacturer certified installers
Indicator F1: Number and percentage of new ASHP, VRF, or GSHP manufacturer certified
contractors (out of all C&l contractors in the participant and non-participant sample
frames) for C&l purposes. Measured as the percentage of installers that took manufacturer-led
trainings and were certified to install manufacturers’ heat pump products.

» Manufacturer certification is not a viable measurement of market outcomes affected
by the PA support. Two interviewed C&l space conditioning and all C&l water heater
heat pump manufacturers said they avoid offering certifications to avoid legal liability,
and the Team could not obtain this material by web scraping.

G: Contractors sell & install equipment correctly

Indicator G1: Percentage of C&l customers who indicated no issues with the installed
equipment (out of those that installed the equipment). Measured as the percentage of Mass
Save heat pump C&l participants reporting no issues with the heat pump.

» 53% of Mass Save heat pump C&I participants reported no issues with their installed
heat pump for space conditioning. This means that 47% noted having issues with the
equipment installed.

» About 39% of Mass Save heat pump C&I participants reporting issues stated the heat
pump needed repairs (the most common response), alluding to the importance of PA
support for installer heat pump training. Given this, the PAs may want to consider
incorporating a mechanism to give installers feedback on their installations when
errors are caught during Mass Save Quality Control or Assurance process.

There is no indicator H for C&l.

I: Shifts in distributor inventory and stocking practices

Indicators 11 & J2: Number and percentage of distributors (out of those that received
program stipend for sales data) indicating a change in stocking and/ or inventory practices
to accommodate ASHPs, VRFs, GSHPs, WSHPs and HPWHs for C&l applications.
Measured as percentage of Mass Save participating distributors who reported selling residential-
or commercial-duty cooling, heating, or water heating equipment and changed the types of

M ﬁ @TETRA TECH o



MA22X06-B-HPMEIB & MA23X18-B-INTERIMHP JOINT FINAL REPORT

cooling, heating, or water heating equipment they keep in inventory by increasing their inventory
of heat pumps.

» Between 2021 and mid-2023, the majority of Mass Save Save-participating distributors
that sell residential- or commercial-duty C&I heating and cooling equipment changed
the types of cooling equipment they keep in inventory by increasing their inventory of
air source heat pumps; about one-third changed the types of heating equipment they
keep in inventory by increasing their inventory of air source heat pumps or of program-
qualifying equipment; and slightly less than one-third changed the types of water
heating equipment they keep in inventory by increasing their inventory of heat pump
water heaters

e Eight of 13 Mass Save participating distributors (62%) that sell residential- or
commercial-duty cooling equipment changed the types of cooling equipment they keep
in inventory by increasing their inventory of air source heat pumps

e Five of 14 Mass Save participating distributors (36%) that sell residential- or
commercial-duty heating equipment changed the types of heating equipment they
keep in inventory by increasing their inventory of air source heat pumps or of program-
supported equipment

e Three of 11 participating distributors (27%) that sell residential- or commercial-duty
water heating equipment changed the types of water heating equipment they keep in
inventory by increasing their inventory of heat pump water heaters

J: Increased supply chain resources devoted to MA heat pump market

Indicator J1: Number and percentage of ASHP, VRF, and GSHP manufacturers (out of
those interacting with the PA staff/implementers) indicating an increase in trainings® for
C&l purposes. Measured as the number or percentage of interviewed HVAC equipment
manufacturers reporting (1) they increased the number of heat pump trainings since 2022 and (2)
they observed an increase in attendance at the trainings they offered.

» The number of C&l equipment trainings offered increased since the start of 2022

» Attendance at those trainings increased since the start of 2022

30 Revised by removing “and certifications” due to insight from several manufacturers saying they avoid offering
certifications to avoid legal liability.
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Table 34: Manufacturer Indicator Responses

Indicator Space Conditioning Water Heating

Commercial (Indicator J1)

_ n=4
Increase in number of trainings offered since start of 2022 n=5 . Increase: 3
Increase: 5 )
No change: 1
n=5 n=4
Increase in attendance at trainings since start of 2022 Increase: 5 Increase: 3
: No change: 1

There is no indicator K for C&l.

L: Increased customer demand for heat pumps and concurrent weatherization
measures

Indicator L1: Percentage of customers who installed ASHP, VRF, GSHP, WSHP, HPWH (out
of all C&I customers). Measured as percentage of C&l customers who reported installing ASHP,
VRF, GSHP, WSHP, HPWH.

>» Currently, market penetration for heat pumps in existing C&l buildings is low.
Preliminary findings from the 2023 Massachusetts Existing Building C&l Baseline
Study indicate:

e C&l customers with ASHPs for space heating: 13% (n=815)
e C&l customers with VRFs for space heating: <1% (n=815)
e C&l customers with ASHPs for space cooling: 12% (n=815)
e C&l customers with VRFs for space cooling: 8% (n=815)

e C&l customers with HPWHSs: 6% (n=815)

Indicator L2: Number and percentage of C&l customers (out of those that installed ASHP,
VRF, or GSHP) indicating they weatherized their business in anticipation of ASHP, VRF, or
GSHP installation (total). Measured as the percentage of Mass Save heat pump C&l participants
who had weatherization done prior to installation of heat pump.

» Of the Mass Save C&l participants who installed a heat pump in 2021 (n=24), 36%
indicated they had weatherization done prior to the installation of their equipment, 42%
indicated they did not, and 22% did not know.

Indicator L3: Number and percentage of participating C&l customers indicating they made
upgrades to their building(s) in anticipation of HPWH installation (total). Measured as the
percentage of Mass Save HPWH C&l participants who had weatherization or other upgrades
done prior to installation of heat pump.

» 0% in 2021 (No 2021 HPWH Mass Save Participants)

There is no indicator M for C&I.

N: Contractor confidence designing, selling, and installing ASHPs/GSHPs/HPWHs
Indicator N1: Proportion of ASHP, VRF, and GSHP trained contractors indicating high level
of confidence designing, selling, and/or installing ASHPs, VRFs, and GSHPs, and HPWHs
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for C&l purposes. Measured as percentage of participating C&l installers agreeing with “My
company’s installation technicians can easily install air source heat pumps correctly” statement.

» ASHP/VRFs: Most Mass Save participating C&l installers expressed a strong
agreement with being able to install air source heat pumps correctly (Figure 26). Heat
pump participant (customer) feedback suggested otherwise (see Indicator G1).

» HPWH: There were only two participating C&l installer respondents who installed HPWHs in
commercial settings in the sample. They were not asked this question for HPWHSs.

» GSHP: No participating C&l GSHP installers in the sample due to small GSHP installer
population and the sample frame. There were only two GSHP C&l installers with contact
information.
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Figure 26: Mass Save Participating Installer Confidence Installing Heat Pumps
(n=20)
(How much do you agree or disagree with the following statements about ducted and ductless air source
heat pumps?)
(Capacity basis: all space conditioning equipment)

Percent of Capacity Percent of Respondents
100% 100%
90% 90%
80% 8%
70% 70%
60% 60%
50% 50%
A40% 40%
30% 3%
20% 20%
10% 10%
0% 0%
My company’s installation technicians can easily install air source heat My company’s installation technicians can easily install air source heat
pumps correctly. pumps correctly.
m Stronlg disagree somewhat disagree m Neutral mStronlg disagree M Somewhat disagree M Neutral
m Somewhat agree W Strongly agree msomewhat agree W Strongly agree

Indicator N2: What is considered (i.e., type and number of building, equipment, and other
factors) when right-sizing C&l heating/cooling system(s) (to gauge understanding).
Measured via multiple metrics, described below.

» Most Mass Save participating C&l installers (representing 97% of installed heat pump
capacity) said their company uses load calculations to determine the heating capacity
of the air source heat pump systems they install. Another 2% said they determine size
using a BTU per square footage assumption.

RINvE
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Figure 27: Primary Method Mass Save Participant Installer Company Uses to Size
Air Source Heat Pumps, by Percentage of Capacity (n=20)

(For air source heat pump installations that will serve all or almost all of an existing building, what is the
primary method your company uses to determine the heating capacity of the installed system?)

(Capacity basis: all space conditioning heat pump capacity)

Percent of Respondents

5%

m Manual | or N Load Calculations » BT Us by square footage

= Don't know

Percent of Installed Capacity
2% 19

\\

® Manual | or N Load Calculations = BT Us by square footage

= Don't know

» Similarly, most Mass Save participating C&l installers (representing 90% of capacity)
say they use load modeling calculations “almost always” or “always” when sizing air
source heat pumps. Of the minority representing the remaining 9% of capacity who did load
modeling calculations “rarely” or “sometimes,” half were from companies that primarily use
modeling assumptions based on square footage, and the other half said they contract the
modeling calculations to engineering firms and thus do not do the modeling themselves.
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Figure 28: Frequency of Load Modeling Calculations When Sizing Air Source Heat
Pumps (n=19; Mass Save Participating Installers)
(For air source heat pump installations that will serve all or almost all of an existing building, how often

does your company perform load modeling calculations?)

(capacity basis: all heat pump space conditioning equipment)’

100%
90%
80%
70%
60%
50%
40%
30%
20%
10%

0%

100%
90%
80%
70%
60%
50%
40%
30%
20%
10%

0%

Percent of Capacity

[
0% - > 3%
P il EEEEE
Never Rarely Sometimes  Almost always

Percent of Respondents

26%

16%
- 5%
0% B

Never Rarely Sometimes  Almost always

87%

Always

53%

Always

'Capacity does not sum to 100% due to one missing response.

» Respondents from the Mass Save participating installer companies responsible for the
largest share of installed capacity indicated using a high level of detail in their Manual
J or N calculations while smaller companies use less detail. Respondents were asked
to indicate how detailed their load calculations were on a scale from 1 to 10, where 1
represents “Extremely Limited Detail: conduct limited measurements, use assumptions for
most building features, or use a basic template that is mostly pre-populated” and 10
represents “Extremely Detailed: carefully measure the building area, measure all insulation
R-values, account for ventilation loads, account for internal loads (e.g., occupancy and
equipment), and account for outside air conditions.” Respondents reported a capacity-
weighted average of 8.7, with respondents representing 83% of installed capacity indicating
their company gathers very detailed information for Manual J or N load calculations (i.e., a
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rating of 9 or 10). However, when looking at unweighted results by counts or respondents,
there is much more variation in the provided level of detail, with an average of 6.7 and only
15% of respondents providing a rating of 9 or 10.

Figure 29: Level of Detail Used for Load Calculations, by Number of Respondents
(n=20; Mass Save Participating Installers)

(How detailed is the information your company typically gathers for load calculations for heat pump
installations? Please use a scale from 1 to 10, where 1 is “Extremely Limited Detail” and 10 is “Extremely
Detailed.”)

(capacity basis: all heat pump space conditioning equipment)

Percent of Capacity
0% 80%
80%
70%
60%
50%
40%
30%
20%

_ 0 )
0% oo 0w 3% 0w 2% 1% X 1% 3% %

1 2 3 4 5 6 7 8 9 10 DK

Percent of Respondents
90%
80%
70%
60%
50%
40%

30%
20% 20%

20% 15%
10% 10% 10%
10% 0 5% 5% 0 I 5%
o 7 m o m i I = 0
1 2 3 - 5 6 7 8 9 10 DK

» Mass Save participating installers representing 94% of installed heat pump capacity
use the same methods to size heat pump and non-heat pump systems. Unweighted
results showed however that just 50% of respondents used the same methods for both.

Group, In
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Figure 30: Difference Between Heat Pump and Non-Heat Pump Sizing (n=20; Mass
Save Participating Installers)
(Does your company size heat pumps differently from gas, oil, or propane-fueled heating systems?”)

(capacity basis: all heat pump space conditioning equipment)

Percent of Capacity

100% 94%
90%
80%
70%
60%

50%
40%
30%
20%
10% 4% 204
Yes Don't know
Percent of Respondents
60%
50%
50%
40% 35%
30%
20% 15%
N .
0%
Yes No Don't know

There is no indicator M for C&l.

O: New heat pump market entrants

Indicator O1: Number and percentage of C&I contractors who started installing heat pumps
in 2022 or later. Measured as the number or percentage of Mass Save participating and non-
participating installers who noted selling heat pumps in 2022 or later.

In the Baseline Study, the Evaluation Team interviewed 2021 sample of Mass Save installers
(n=20) and very few (n=3) nonparticipating installers, which limited data relevant to measure this
indicator. The only information collected to date indicates that 7 out of 9 participating installers
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who install equipment in commercial buildings indicated they started installing HPWHSs in 2022 or
2023.

Indicator O2: Number and percentage of C&l ASHP, VRF, GSHP, WSHP and HPWH trained
contractors indicating heat pumps are a certain percentage of their business. Measured as
the percentage of Mass Save participating installers indicating that heat pumps were at least 25%
of their installed heating capacity in 2021.

» A majority, or 14 out of 20 (70%), of 2021 Mass Save participating installers reported
that heat pumps were at least 25% of their installed heating capacity in 2021 for space
conditioning equipment. None noted this for HPWH equipment.

Indicator O3: Number and percentage of distributors that first started keeping heat pumps in
inventory in 2022 or later.3' Measured as the percentage of Mass Save participating distributors
indicating keeping heat pumps in inventory in 2022 and later for the first time.

» Most Mass Save participating distributors started to keep heat pumps in their
inventory prior to 2022.

o Commercial-duty ASHPs: All reported they started keeping ASHPs in the inventory in
2021 or before (n=10)

e Commercial-duty HPWHSs: Three, or one-half, reported started keeping HPWHs in the
inventory in 2021 or before, one (17%) added it to the inventory in 2022 or later, and
two did not know (n=6)

There is no indicator P for either C&l or residential.

Q: Increased customer preference for ASHP/GSHP/HPWH over non-HP heating and
cooling or water heating equipment

Indicator Q1: Percentage of program-incentive-eligible sales out of total sales by
technology type. Measured as the percentage tonnage (or gallons for water heating equipment)
of commercial-duty ducted and ductless ASHPs, and HPWH, sold in 2021 that was cold-climate.

» Based on Mass Save participating distributor interviews (n=15), estimated percentage
tonnage of commercial-duty:

o Ducted ASHPs sold in 2021 that was cold-climate: 30%

e Ductless ASHPs sold in 2021 that was cold -climate: 34%

¢ VRFs sold in 2021 that was cold -climate: not measurable

e Based on Mass Save participating distributor interviews (n=15), estimated percentage
gallons of commercial-duty water heating equipment sold in 2021 that was HPWHs
was 2%.

Indicator Q2: Proportion of C&l customer preference for ASHPs, VRFs, GSHPs, WSHPs,
and HPWHSs over non-HP C&I heating and cooling equipment. Measured as the percentage

31 Revised from "Number and percentage of distributors that started selling heat pumps in 2022 or later.
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of Mass Save Participants who indicated considering heat pump over other options for their
upcoming replacements of heating/cooling.

» 53% of those who received a Mass Save C&l heat pump or non-heat pump incentive
were thinking of replacing another piece of heating or cooling equipment in the next
two years at either the facility where the equipment for which they received an
incentive was installed or in any other facilities that their organization owns or
occupies in Massachusetts (n=95).

» Among the group referenced above, respondents reported considering heat pumps
for installation at rates comparable to non-heat pump equipment (Figure 31).

Figure 31: What types of heating, cooling, or water heating equipment is your
organization considering installing?
(Multiple Response, n=48; Mass Save Participants Considering Future Heating/Cooling Replacements)

Don’t know 18%

Other (please specify) 7%

Indirect water heater with boiler 7%

|
[u=y
<
=

Volume water heating

Gas tankless water heater 9%

Heat pump water heater 9%

Water source heat pump 10%

Gas storage water heater 11%

Variable refrigerant flow system 16%

Ground source heat pump 16%

Ducted air source heat pump 16%

Furnace, boiler, or other fossil fuel heater 21%

Central air conditioner or chiller 31%

Ductless air source heat pump 32%

0% 10% 20% 30% 40%

Indicator Q3: Proportion of installations that are ASHP, VRF, GSHP, WSHP, or HPWH out
of all reported installations. Measured as the 2021 installation rates of the equipment
referenced above among those who received a Mass Save C&l heating/cooling incentive.

» Another indicator of low demand for heat pumps. Based on 2021 Mass Save C&l
heating and cooling incentive tracking data, low 2021 installation rates:

e ASHP: 4%
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e VRF:11%
e GSHP:0%
e HPWH: 0%

There is no indicator R for C&l.

S: High customer reliance on AS/GS HP for both heating and cooling

Indicator S1, S2 & S3: Proportion of heat pump customers indicating a high level of
reliance on heat pumps for heating, cooling, or both. Measured as Mass Save heat pump
participants’ confidence (i.e., ratings of 8 and above on a 0 to 10 scale) in heat pump systems’
ability to reliably [heat/cool] their facility. See Figure 31 above for this finding.

Indicator S5: Percentage of participants opting for full versus partial displacement.
Measured as percentage of Mass Save heat pump participants who indicated heat pumps
replaced prior heating or cooling equipment fully, partially, or supplemented heating or cooling
needs.

» Most HVAC installations fully replaced prior heating systems. 2021 Mass Save
participants who installed a heat pump for space conditioning (n=24), indicated:

e Using it to replace an existing heating system: 68%
e Using it to add heating to already heated space: 21%
¢ Added heat to unheated space: 12%

T: Market satisfaction with heat pumps

Indicator T1: Proportion of C&l ASHP, VRF, GSHP, WSHP and HPWH customers indicating
high level of satisfaction with equipment. Measured as Mass Save heat pump participant
indicating high satisfaction with the installed system (gave an 8 or above on 0 to 10 satisfaction
scale).

» Heat pump satisfaction is high.

Figure 32: How satisfied are you with your heat pump/VRF?
(n=24; Mass Save C&l Participants Who Installed a Heat Pump)

60% 48%
50%
40%
30% 23%
20% 8% 10% 8%
10% 0% 0% 0% o 2% 0% 2% 0% . —

0% —

%
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Indicator T2: Proportion of C& ASHP, VRF, GSHP, WSHP, and HPWH contractors
indicating high level of satisfaction with equipment. Measured as Mass Save participating
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installer satisfaction with equipment’s ability to meet customer’s heating needs (percentage
providing a 4 or 5 on a scale of 1 to 5, where 1 is “not at all satisfied and 5 is very satisfied).

» Mass Save participating installers who installed heat pumps indicated that their
companies are highly satisfied with the ability of heat pumps to meet their customers’
heating needs, except for ASHPs. Majority (representing 84% of ducted ASHP capacity
installed) were “somewhat satisfied” with ducted ASHPs — that is, very few were “very
satisfied” (Figure 33). The capacity unweighted data suggested that about a quarter (26%)
were “somewhat satisfied” and another one-fifth (21%) were neither satisfied or dissatisfied
with ducted and ductless ASHPs (Figure 33, second graph).

Figure 33: Contractor Satisfaction with Heat Pump Equipment (n=20)

(Thinking about [EQUIPMENT TYPE], how satisfied are you with the ability of the equipment
you've installed to meet customers heating needs on a scale from 1 to 5 where “1” is “not at all
satisfied” and “5” is “very satisfied”?)

(capacity basis: capacity by equipment type)

Percent of Capacity

100%
90%
80%
70%
60%
50%
40%
30%
20%
10%

0%

Ducted ASHP (n=12) Ductless ASHP (n=17) VRF (n=8) Fossnfuel systems
(n=18)

B Very satisfied B Somewhat satisfied ® Neutral Not satisfied B Not at all satisfied

Percent of Respondents

Ducted ASHP (n=12} Ductless ASHP (n=17) VRF (n=8} Fossil fuel systems
(n=18)

10%

m Very satisfied  m Somewhat satisfied = Neutral Not satisfied m Not at all satisfied
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Section 6 Market Sizing 2021 & 2022

Below are the Team’s estimates of the sizes of the Massachusetts markets for residential and
commercial space conditioning equipment. As noted elsewhere in the report, the split between
residential and commercial equipment is based on customer type. Estimating market size and
changes is always challenging given the lack of a comprehensive source tracking this information.
We have developed the best estimates we could from the data we could compile. Contrary to the
original intended research approach, the Team developed these estimates using secondary data.

This section starts with a description of the high-level approach planned for market sizing followed
by a description of the approach that was ultimately implemented given the available data. Next,
individual sections provide detailed methodologies and findings for the residential and commercial
market sizing efforts respectively. After the market size estimates, we present market actors’
estimates of the percentage change from 2021 to 2022 in sales or installations of each equipment

type.

6.1 PLANNED APPROACH

The Team originally intended to size the Massachusetts and Ohio markets for space conditioning
and water heating equipment by collecting data from the larger participating and non-participating
distributors in Massachusetts and the larger distributors in Ohio, and using distributors’ estimates
of their own market share of each equipment type to expand the results to each state. We planned
to then triangulate the expanded distributor data with installation estimates from participating and
non-participating installers and with secondary data.

To this end, as we described in the distributor interview results memo the Team tried to design
the distributor sample to maximize the likelihood of speaking to large distributors, both
participating and non-participating, so as to have direct coverage of a substantial percentage of
the market and enable expanding the results based on self-reported market share. For
Massachusetts, this included prioritizing recruiting the major distributors as identified by the
program implementor Energy Solutions and suggested by DataAxle corporate sales data. The
Team aimed to interview a total of 24 distributors that sold space conditioning, water heating, or
both types of equipment in Massachusetts and another 24 in Ohio. Since a large majority of the
population of Massachusetts distributors participated in the Upstream offering in 2021, the Team
targeted 16 completes with participants versus eight completes with non-participants.

Ultimately, the Team completed interviews with 15 participating Massachusetts distributors and
two very small Ohio distributors. The Massachusetts sample interviewed included nine of the 16
biggest Massachusetts distributors identified by Energy Solutions. The sample also included
seven of the 18 distributors identified by manufacturers during interviews as being the major
distributors of their products, including all the distributors who were mentioned by more than two
manufacturer respondents.

Unfortunately, most distributors declined to provide estimates of their own market share in
Massachusetts, saying they had very little confidence in their accuracy. Nearly all of the few that
did provide estimates were among the small number of distributors for whom we had to impute
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sales. Just one distributor provided both their 2021 unit sales and market share estimates for
ducted and ductless heat pumps in which they had a high level of confidence.

We also considered scaling the data using the interviewed distributors’ counts of their employees
in Massachusetts and their companies’ overall employee counts as well as overall employee
counts from all other distributors in our sample frame from the secondary data sources ZoomInfo
and DataAxle. In this approach, we would first estimate an equipment per Massachusetts
employee ratio from our respondents, then multiply it by the total number of Massachusetts
employees working at the distributors in our sample frame to estimate the total market sales for
each equipment. This proved unworkable because employee counts were not available from
secondary sources for all of the distributors we identified as serving Massachusetts. Moreover,
the equipment counts per employee varied substantially across respondents, which raised
questions about the reliability of reported employee counts and consistency of reporting across
respondents.

Given the lack of data from distributors on their share of the market, we could not use the
distributor data independently to estimate the size of the overall market. Instead, we estimated
the size of the market using other sources and then compared that to the distributors’ reported
sales to estimate the share of the market comprised by our interviewed distributors.

Table 35 shows the market share of interviewed distributors. Since distributors do not have good
visibility into where equipment is installed, they provided sales estimates for residential and
commercial equipment split by equipment size. The market sizing analysis and program
participation are organized by customer type. Total market capacity sales (D) in Table 35 is
derived from the market sizing estimates described in the following subsections. Therefore, to
estimate interviewed distributors’ market share, the Team had to combine the residential and
commercial estimates, resulting in an overall market share. Note, as mentioned in the limitations
of the study, distributors did not always specify if they were providing heating or cooling capacities
when providing average capacities for heat pumps.

Table 35: Interviewed Distributors’ 2021 Capacity Sales Estimates vs. 2021 Market
Size Estimate

Interviewed Interviewed Interviewed Total Interviewed
. . . Distributors' Distributors Distributors'
Distributors . Market e
Equi ¢T Residential-Dut Commercial- Total Capacit Sales as %
quipment lype Cabacit Salesy Duty Capacity Capacity Szlesy of Market
P y Sales Sales Sales
(A) (B) C = (A+B) D (C/D)
Ducted Air Source Heat 196 39 235 390 60%
Pumps
Ductless Air Source 380 0 380 1,083 35%
Heat Pumps
Air Source VRFs 0 57 57 148 39%
Air Conditioning 892 40 931 4523 21%

systems
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Fossil Fuel-fired

0,
Heating systems 1,942 606 2,548 15,879 16%
Heat Pump Water 201 16 217 279 78%
Heaters
Fossil Fuel-fired &
Electric Resistance 6,039 262 6,301 8,768 72%

Water Heaters

6.2 IMPLEMENTED APPROACH

Given these limitations, we ultimately ended up sizing the markets with secondary data, as we
describe below. We use the distributors’ and installers’ sales and installation estimates as
appropriate to estimate the percentages of air source heat pumps systems that were cold-climate,
better understand in-program and out-of-program adoption, assess the counterfactual sales or
installations, assess attribution, gather other data to use in quantifying market effects in a future
study, and measure indicators of market effects.

As part of Task 2, the Team identified secondary data sources with potential to inform the market
size estimates in early 2023. We developed estimates of state-level 2021 sales3? of space
heating, space cooling, and water heating equipment for Massachusetts by assessing the
strengths and weaknesses of various approaches using our primary data as well as secondary
sources we identified in Task 2 and triangulating among those we deemed most reliable. Since
the Team could not obtain sufficient primary Ohio data, we attempted to develop estimates for
Ohio residential space conditioning and water heating equipment using 2020 Residential Energy
Consumption Survey (RECS) and residential space conditioning equipment using HARDI data.
(As the HARDI data comprise only residential-duty space conditioning equipment, and we did not
identify secondary sources of Ohio commercial-duty space conditioning or water heating
equipment sales, we were unable to size the Ohio markets for these equipment types.)

The market estimates are based on customer type rather than equipment size, given that the
underlying data sources align with customer types more than equipment sizes. The residential
estimates only include equipment installed in existing homes, excluding new construction. The
C&l estimates encompass all equipment installed in C&l settings, regardless of size. This is in
alignment with the program tracking data and is ideal for both sectors, allowing for a more
accurate comparison of program penetration rates. For instance, a residential-grade ductless
mini-split installed in a commercial space would be classified as a C&l program unit based on the
customer type, not by equipment capacity. While equipment size definitions for each sector were
provided to help distributors discern residential versus C&l equipment, the market estimates
themselves are categorized based on where equipment is ultimately installed.

For the residential and commercial equipment markets, respectively, below we present:

32 For the purpose of this study, we assume that equipment sold in the year 2021 were also installed in 2021.
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o The approaches we took to developing the market size estimates, including the main data
sources we considered using and those we ultimately used.

o The market size estimates for equipment and total capacity installed in residential spaces.

e The market size estimates for equipment and total capacity installed in commercial
spaces.

6.3 RESIDENTIAL

6.3.1 Residential Estimation Methods & Main Data Sources

The Team used five methods, A through E described below, to develop the estimates of potential
residential equipment volumes flowing through Massachusetts and Ohio in 2021. These include
both top-down and bottom-up strategies. The consistency of results across the methods varies
by equipment type, especially for equipment that has a smaller market share or has become more
prevalent in the market over the past few years.

o Method A (Massachusetts Only): Estimates sales based on the proportion of equipment
manufactured in 2021 using data from the Massachusetts Residential Building Use and
Equipment Characterization Study.3® The Team considers this the most reliable source of
data on existing homes in Massachusetts, with several iterations of the study conducted
prior to 2021 and follow-up iterations of the study that will provide context on continued
changes in equipment end-uses beyond 2021. The study surveys residential customers
in Massachusetts to gather data on a variety of end-uses, including HVAC and water
heating equipment saturation estimates by fuel type. A subset of the data is verified via
on-site inspections, and the final data is both weighted and includes an on-site verification
adjustment. In addition to a home-level saturation estimate, the study includes the average
quantity of equipment per home by end-use. This allowed the Team to calculate estimates
of sales at the equipment-level rather than the home-level. The survey data includes a
year-made variable that the Team applied to overall end-use saturation results to estimate
the annual HVAC and water heating sales for 2021.

e Method B (Massachusetts Only): Estimates sales using a stock-turnover approach with
the Massachusetts Residential Building Use and Equipment Study data. As with Method
A, the Team leveraged the average number of units per home, by end-use, to estimate
total equipment counts. The Team divided the count of equipment by the effective useful
life for each equipment type from the Massachusetts Technical Reference Manual to
estimate the amount of equipment that would need to be replaced in 2021. The count of
equipment replacements calculated from the stock turnover approach represents the
amount of sales in 2021.

e Method C (Massachusetts and Ohio): Estimates sales using the 2020 Residential Energy
Consumption Survey (2020 RECS) microdata. The 2020 RECS survey was conducted in

33 https://ma-eeac.org/wp-content/uploads/Residential-Building-Use-and-Equipment-Characterization-Study-
Comprehensive-Report-2022-03-01.pdf
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2020 and 2021 and is weighted to the U.S. Census’ American Community Survey (ACS)
household estimates by the EIA.343% The Team used ACS 2021 occupied household
estimates and the state-level equipment saturation for Massachusetts and Ohio to
estimate sales,® taking the count of systems that were less than two years old and
adjusting them to reflect only one year of sales.®” The RECS survey provides the count of
systems by age.

o Method D (Massachusetts and Ohio): Estimates 2021 sales using a stock-turnover
approach with the RECS microdata. The Team applied the effective useful life for each
equipment type from the Massachusetts Technical Reference Manual to estimate the
amount of equipment that would need replacement in 2021. The count of equipment
replacements calculated from the stock turnover approach represents the amount of sales
in 2021.

o Method E (Massachusetts and Ohio): Relies on sales estimates from HARDI for both
Massachusetts and Ohio. The HARDI data include sales estimates from 2013 through the
first quarter of 2022 for central air conditioners, centrally ducted air-source heat pumps,
ductless heat pumps, and furnaces, but not boilers or water heaters. These estimates are
primarily based on sales invoices and other reports from HVAC distributors that are HARDI
members. They are weighted to represent all sales across a given region based on the
EIA’'s 2015 Residential Energy Consumption Survey (RECS) and 2012 Commercial
Building Energy Consumption Survey (CBECS) and the U.S. Census’ American Housing
Survey.

In addition to these five approaches, the Team explored sizing the markets by using different
variables present in the Massachusetts baseline study and 2020 RECS data, by pro-rating Air-
Conditioning, Heating, and Refrigeration Institute (AHRI) national shipment data for 2021, and by
scaling the interviewed distributors’ or installers’ estimates using their own share of the markets
for each equipment or their estimates of employee counts in Massachusetts. We chose to not use
the first two approaches because the results were unrealistic as there were limited additional
variables relevant to estimate sales and we could not effectively pro-rate national data to state-
level estimates.

34 https://www.eia.gov/consumption/residential/data/2020/pdf/2020%20RECS Methodology%20Report.pdf

35 https://www.eia.gov/consumption/residential/data/2020/pdf/Comparing_2020 with_previous RECS.pdf

3 RECS 2020 is the first time that state-level estimates were calculated, which allowed the Team to apply equipment
saturation percentages to the 2021 ACS occupied housing totals.

37 The Team was unable to utilize the equipment age variable to produce reliable estimates for water heating equipment
due to a large proportion of responses indicating new water heaters (with annual estimates ranging from 5% to 35% in
Massachusetts and Ohio). In addition, the RECS survey does not include a question or question response to indicate
whether the water heater was a heat pump. In order to produce an estimate, the Team estimated annual sales based
on the average life of water heating equipment, which produces similar results as the stock turnover approach, to the
2020 RECS data for water heaters (Method C). The Team applied HPWH saturation estimates to estimate the
proportion of water heaters that are heat pumps (Method D, 2% both nationally and in Massachusetts).
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6.3.2 Residential Market Size Estimates by Method

Table 36 presents estimates of the volumes of residential equipment sold in Massachusetts in
2021 from each of the five methods, and Table 37 presents the volumes for Ohio from the three
approaches relevant for the state.

Table 36: Estimated Residential Unit Sales in Massachusetts in 2021
Estimated Units by Method

Equipment Type Method Method Method Method Method
A B C D E

Ducted Air Source Heat 9,656 3,830 9,160 3,633 7,991

Pump systems (air-to-air only)

- Split, Unitary, or Packaged

Ductless Air Source Heat 49,27 27,372 46,132 16,623 19,825
Pump systems (air-to-air only) 0

Central Air Conditioning 97,43 63,560 88,097 57,469 15,473
systems (non-heat pump) - 3

Split or Unitary

Fossil Fuel-fired Heating 125,7 130,051 165,137 171,723 33,877
systems (all combined, 79 1

including combi boiler
systems), Boilers

Heat Pump Water Heaters? 1,688 4,329 4,329 4,329 No
estimate3

Fossil Fuel-fired & Electric 70,76 151,618 186,237 170,808 No

Resistance Water Heaters - 0 estimate?

Storage and instantaneous
(excludes indirect water
heaters)

" The 2021 HARDI data only included estimates for Furnace equipment. HARDI estimates for furnaces were
substantially lower than the estimated counts for new furnaces from Methods A-D.

2 HPWH saturation was estimated to be 2% of homes both in Massachusetts and nationally. Given the RECS
survey did not distinguish HPWH technology in their questionnaire, the Team applied the saturation estimate from
the Massachusetts baseline, which leads to the same total estimate for the for the stock-turnover method (Method
B and D).

3 The HARDI data does not include estimates for water heater sales.

Table 37: Estimated Residential Unit Sales in Ohio in 2021
Estimated Units by Method

Equipment type Method C Method D Method E

Ducted Air Source Heat Pump systems 50,631 18,072 54,697
(air-to-air only) - Split, Unitary, or Packaged
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Estimated Units by Method

Ductless Air Source Heat Pump systems 15,757 1,313 32,712
(air-to-air only)

Central Air Conditioning systems (non- 301,802 225,016 441,352
heat pump) - Split or Unitary

Fossil Fuel-fired Heating systems (all 342,031 266,117 248,881"
combined, including combi boiler systems),

Heat Pump Water Heaters? 6,579 6,579 No estimate?
Fossil Fuel-fired & Electric Resistance 338,468 338,468 No estimate?®

Water Heaters - Storage and instantaneous
(excludes indirect water heaters)

" The 2021 HARDI data only included estimates for Furnace equipment. HARDI estimates for furnaces were
substantially lower than the estimated counts for new furnaces from Methods C and D.

2 HPWH saturation was estimated to be 2% of homes both in Massachusetts and nationally. Given the RECS
survey did not distinguish HPWH technology in their questionnaire, the Team applied the national estimate for
HPWH saturation (2%) to estimate the amount of HPWHs installed in Ohio in 2021.

3 The HARDI data does not include estimates for water heater sales.

Given that there is uncertainty inherent in estimates from each method and from each data source,
in addition to differences among the end-uses, no single method can provide the perfect estimate
of the market size for an equipment. Ultimately, the Team excluded the results from the stock
turnover method from the recommended sales estimates (Method B and D) for heating and
cooling equipment in Massachusetts and Ohio. The rationale is that the stock turnover analysis
assumes like-for-like equipment replacements, which does not accurately capture scenarios such
as fuel switching and dynamic market changes (such as more rapid growth in heat pump sales).

The stock turnover results provide a reliable estimate for the total amount of equipment sold in
heating, cooling, and water heating categories overall but do not always deal with equipment-
specific estimates appropriately or capture new equipment added to the home. However, as noted
above, water heating equipment sales estimates apply the stock turnover method due to
limitations with the water heating year-made data. Given that water heater replacements are
generally made during emergency situations, in addition to the static saturation of HPWHs in the
2021 market, the Team included the estimates of 2021 water heater sales based on the stock
turnover method for water heating equipment.

The Team notes that due to limited data for heat pump water heaters, in addition to low rates of
heat pump water heaters measured in existing homes, the estimate of heat pump water heater
units sold in Massachusetts rely on fewer data points than other equipment types. In addition,
qualitative data from interviews with manufacturers and installers suggest that a high proportion
of heat pump water heater sales are program-supported (surveyed installers indicated 81% of
their heat pump water heater installations are program-supported). This indicates that the heat
pump water heater market estimates of over 3,000 units may be high relative to actual 2021 sales,
given the program rebated around 1,100 heat pump water heaters in 2021.
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Table 38 presents the Massachusetts and Ohio residential equipment unit sales estimates we
recommend using for the 2021 baseline.3®

Table 38: Recommended 2021 Residential Unit Sales Estimates
Equipment Type Massachusetts Massachusetts Ohio Ohio Unit

Methods Unit Estimates Methods S EUES

Ducted Air Source Heat Methods A, C, E 8,936 Methods C, E 52,664
Pump systems (air-to-air
only) - Split, Unitary, or

Packaged

Ductless Air Source Heat Methods A, C, E 38,409 Methods C, E 24,235
Pump systems (air-to-air

only)

Central Air Conditioning Methods A, C 92,765 Method C 301,802

systems (non-heat pump) -
Split or Unitary

Fossil Fuel-fired Heating Methods A, C 145,458 Method C 342,031
systems (all combined,
including combi boiler

systems)
Heat Pump Water Methods A, C 3,009 Method C 6,579
Heaters?
Fossil Fuel-fired & Electric Methods A, C 128,498 Method C 331,889

Resistance Water Heaters
- Storage and
instantaneous (excludes
indirect water heaters)

While unit-level estimates offer useful market insights, total installed capacity also provides
meaningful context for heating and cooling trends. This metric matters because the heat pump
capacities, especially in partial displacement applications, tend to be lower than capacities of non-
heat pump systems. Even in full displacement scenarios, multiple heat pump condensers are
often needed to substitute for one furnace or boiler, inflating total unit sales proportions compared
to capacity proportions.

To estimate 2021 capacity sold in Massachusetts, the Team leveraged program tracking data to
determine a blended average capacity for each equipment type. These averages were multiplied
by the unit-level market estimates to approximate capacity sold for each equipment category. The
program tracking data lists only heat pump cooling capacity, where heat pumps generally have a
heating and cooling capacity. This approach is further limited in that it does not accurately capture

38 For reference, in 2021 there were 4,832,922 occupied housing units in Ohio compared to 2,759,018 in
Massachusetts. Of those, 22% in Massachusetts and 14% in Ohio were multifamily 5+unit dwellings.
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heat pump heating capacities, which vary by outdoor temperature (e.g., 47°F, 17°F, and 5°F), but
does apply the best available data. For the purposes of this estimate, heat pump heating capacity
at 47°F is assumed to be equal to the cooling capacity.

It is also important to note this estimate of capacity sold does not necessarily reflect the needed
heating and cooling capacity. Some equipment, like furnaces and boilers, tend to be oversized
compared to the actual heating loads required. For example, installing a larger furnace or boiler
system can buffer installation contractors against customer complaints of systems not meeting
demand. In contrast, undersized heat pumps may not effectively heat or cool a customer home
but an oversized heat pump can short-cycle, decreasing efficiency and the equipment life, which
incentivizes more precise equipment sizing. Short-cycling is not exclusive to heat pumps but may
be more noticeable for customers expecting reduced utility costs or those who have switched
from fossil fuel to electric space conditioning. This means that the capacity estimates likely
overstate the load served by fossil fueled equipment while understating the heat pump market
share of heating load served.

See Table 39 for the 2021 equipment unit and capacity (ton) sales estimates for heating and
cooling in Massachusetts.

Table 39: Recommended 2021 Residential Sales Estimates (Units and Capacity)

Residential Units of equipment Average equipment Total Capacity
Equipment Type capacity (Tons) (Tons)

Ducted Air Source 8,936 3.12 27,891
Heat Pump systems

(air-to-air only) - Split,

Unitary, or Packaged

Ductless Air Source 38,409 2.33 89,348
Heat Pump systems

(air-to-air only)

Central Air 92,765 2.71 250,938
Conditioning systems

(non-heat pump) — Split

or Unitary

Fossil Fuel-fired 145,458 6.03 877,113
Heating systems (all

combined, including

combi boiler systems)

6.3.3 Estimated Total 2021 Massachusetts Residential Market Sales by Equipment
Type

Ductless heat pump systems comprised a sizeable share of both space heating and cooling

markets in terms of units of equipment sold (17% residential space heating market and 27% of

residential space cooling). However, in terms of total capacity sold, ductless heat pump systems

accounted for much less of the market for heating (8%), and a slightly lower share for cooling

(24%)

Ducted heat pump systems comprised much smaller shares of both heating and cooling markets
in terms of units of equipment sold (5% and 6%, respectively). Ducted heat pump systems
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comprised an even smaller share of total heating capacity sold (3%), but slightly higher share of
total cooling capacity (8%).

Heat pump water heaters comprised an even smaller percentage of the residential water heating
market (2%) than central heat pumps comprised of the space conditioning markets.

Table 40 shows the estimated total Massachusetts 2021 unit sales® of the residential space
conditioning and water equipment types for which the NMR Team collected data from distributors
and installers. In estimates of the proportion of percentage of units and capacity for space heating,
the Team excludes heat pumps that are cooling-only. 4° We define cold-climate air source heat
pumps as systems that were marketed or certified as operating at extremely low ambient
temperatures or maintaining a certain level of output at those low temperatures. As we explain in
6.2, the market-level estimates of cold-climate air source heat pump systems sold in 2021 are
based on percentages provided by participating distributors that the Team interviewed. The
distributors’ estimates of the percentages of their 2021 sales of residential air source heat pump
systems that qualified as cold-climate (46% of the ducted and 66% of the ductless systems they
sold) were lower than the corresponding estimates from installers (70% of the ducted and 85% of
the ductless systems they installed). We chose to use distributor-provided percentages of
residential cold-climate systems instead of installer-provided percentages because:

e There was a cold-climate designation for residential air source heat pumps in place in
2021.

o We would expect that participating distributors would know the breadth of system types
sold and subsequently installed in Massachusetts than the participating installers.

As we explain in 6.3.1, compared to other equipment types there is very limited data for sizing the
Massachusetts residential heat pump water heaters market. We believe that the heat pump water
heater sales are overstated. Since we do not have a firm basis for adjusting them, the 2%
penetration indicated is likely an upper bound.

39 Unit sales are defined as a system or piece of equipment. For ductless heat pumps, a unit is considered the outdoor
compressor, and the unit counts excludes indoor heads.

40 As a part of the market size estimates, the Team compiled estimates of cooling-only heat pumps using the secondary
data sources that informed the total market estimates. The estimated count of cooling-only heat pumps was 6,601 units
of equipment (outdoor compressors only).
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Table 40: 2021 Massachusetts Market-level Sales of Residential Equipment

(Units of equipment)

% of Space
heating - % of
excluding Space
cooling-only Cooling
ductless Sales*
systems

% of Space or
Water Heating

Residential Equipment Type Units Sales - all
ductless
systems

Space Conditioning
Ducted Air Source Heat Pump systems (air-to-

0, 0, 0,
air only) - Split, Unitary, or Packaged s 5% 5% 6%
Cold-climate ducted ASHP systems™** 4,106
Other ducted ASHP systems™* 4,830
Z?to:t;ﬁls)s Air Source Heat Pump systems (air-to- 38,409 20% 17% 27%
Cold-climate ductless ASHP systems** 25,413
Other ductless ASHP systems™* 12,996
Central Air Qonditipning systems (non-heat 92,765 66%
pump) — Split or Unitary
_Fossi! Fuel-firgd Heating systems (all combined, 145,458 759 78%
including combi boiler systems)
Total 100% 100% 100%
| Water Heating
Heat Pump Water Heaters 3,009 2%
Fossil Fuel-fired & Electric Resistance Water
Heaters — Storage and instantaneous (excludes 128,498 98%
indirect water heaters)
Total 100%

* The denominator did not include any non-heat pump cooling equipment other than central air conditioners.

** Estimates of cold climate units are based on percentages provided by distributors and applied to market-level sales
estimates.

Table 41 shows 2021 estimates of total residential heating and cooling capacity for equipment
sold in Massachusetts. While equipment sales estimates illustrate overall market trends, capacity
estimates provide additional insight into market share by load served. For example, ductless heat
pumps accounted for 17% of heating units sold, but only 7.5% of total heating capacity. This
highlights that although ductless heat pump sales volumes are growing significantly, they still
represent a small portion of the total heating load. As discussed in 6.3.2, there are limitations to
estimating total capacity, including differences in equipment sizing practices compared to actual
loads served. It is likely that these capacity estimates slightly underestimate the true heat pump
market share since fossil fuel systems are usually oversized.
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Table 41: 2021 Massachusetts Market-Level Capacity of Residential Equipment
(Capacity: Tons)

% of Space
heating - % of
excluding Space
cooling-only Cooling
ductless Sales*
systems

% of Space or
Water Heating

Residential Equipment Type Tons Sales - all
ductless
systems

Space Conditioning
Ducted Air Source Heat Pump systems (air-to-

0, 0, 0,

air only) - Split, Unitary, or Packaged 2] 3% 3% 8%

Cold-climate ducted ASHP systems™** 12,816

Other ducted ASHP systems™* 6,927
D_uctless Air Source Heat Pump systems (air-to- 89,348 9% 8% 249%
air only)

Cold-climate ductless ASHP systems** 59,116

Other ductless ASHP systems™* 20,003
Central Air _C:ondlt!onlng systems (non-heat 250,938 68%
pump) — Split or Unitary
Fossil Fuel-fired Heating systems (all combined, o o
including combi boiler systems) 877,113 88% 90%
Total 100% 100% 100%

* The denominator did not include any non-heat pump cooling equipment other than central air conditioners.

** Estimates of cold climate units are based on percentages provided by distributors and applied to market-level sales
estimates.

6.3.4 Estimated Percentage Change in Sales of Residential Heat Pumps 2021-2022

Table 42 shows the estimates of percentage change in residential air source heat pump sales
from distributors and manufacturers and installations from installers. Below the table are
additional insights from the manufacturer interviews about the changes between 2021 and 2022.

All the average percentage changes that market actors reported showed growth in their sales of
residential heat pump equipment from 2021 to 2022. Manufacturers indicated that their sales of
air source heat pumps to Ohio grew at less than half the rate of those to Massachusetts, and that
they sold no heat pump water heaters to Ohio in 2022. While the distributors’ estimates of growth
in heat pump water heaters seem high compared most other equipment types, it is important to
remember that heat pump water heaters are a newer technology and start from a low base, so
we would expect a high percentage change.

The Team recommends using the distributors’ estimates of percentage growth in sales from 2021
to 2022 because:

e Of all the market actors, the distributors provided the most complete and granular
information.

e While we would expect the manufacturers to have the broadest view into the changes
from 2021 to 2022, they could not provide the level of granularity the distributors provided.
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The distributors’ estimates of air source heat pump sales growth were closer to those of
the manufacturers than the installers’ estimates.

o Aswe noted above, we would expect that participating distributors would know the breadth
of system types sold and subsequently installed in Massachusetts than the participating
installers.

e As Table 35 in 6.1 shows, the participating distributors we interviewed reported selling
between 16% and 78% of the capacity in the 2021 Massachusetts market sales estimate,
with the percentage varying by equipment type.

Table 42: Market Actor Estimates of Percentage Change in Residential ASHP &
HPWH Sales or Installations, 2021 — 2022

Equipment Type & Capacity Participating Participating Manufacturers
Distributors Installers
OH
Combined Ducted & Ductless Air -- -- 40% 15%
Source Heat Pump systems
Ducted Air Source Heat Pump 10% 29% = =

systems (air-to-air only) — Split,
Unitary, or Packaged, < 5.4 Tons, <

65 kBtuh

Cold-climate ducted ASHP 14% -- - -
systems

Other ducted ASHP systems 8% == - -
Ductless Air Source Heat Pump 34% 25% - -
systems (air-to-air only), < 5.4 Tons, <
65 kBtuh

Cold-climate ductless ASHP 31% == - -
systems

Other ductless ASHP systems 40% - -
Heat Pump Water Heaters 41% 19% unspecified 0%

increase

6.3.4.1 Additional Manufacturer Insights Into 2021-2022 Sales Changes

Air source heat pumps. It is difficult to determine the difference between changes in sales from
2021 to 2022 of residential ASHPs meeting cold climate specifications and those that did not,
since four of the five manufacturers reported that most or all of the ASHPs they sell meet cold
climate specifications. However, one manufacturer reported that their Massachusetts sales of
residential cold-climate ASHPs increased by 25% more than their sales of residential ASHPs that
did not meet cold climate specifications.

Heat Pump Water Heaters. Water heating manufacturers provided only qualitative assessments
of the change in their sales of residential water heaters from 2021 to 2022. They reported that
while heat pump water heaters are a small portion of the residential water heating market, their
heat pump water heater sales started taking off in Massachusetts when Mass Save rebates
increased in 2022. The one manufacturer that offered a specific percentage change reported a
70% increase. Nonetheless, their impact on conventional pump water heater sales is still small.

NMR —_— TETRA TECH
Group, INC. DNV @ 132



MA22X06-B-HPMEIB & MA23X18-B-INTERIMHP JOINT FINAL REPORT

6.4 COMMERCIAL & INDUSTRIAL

As stated above, the commercial and industrial market sizing approach is based on customer type
and thus includes residential-duty equipment installed in commercial spaces. This matched the
approach of the programs, which organize participation by customer type.

6.4.1 Commercial Estimation Methods & Main Data Sources

The Team explored eight methods for estimating the size of the C&l market for ducted ASHPs,
ductless ASHPs, VRFs, non-heat pump cooling equipment, non-HP heating equipment, heat
pump water heaters, and non-heat pump water heaters in 2021. Ultimately, the Team decided
that a bottom up approach using a recent installation data from a 2023 stock study of existing C&l
buildings (Method A) was the most reliable. The Team estimated market sizes with three other
methods including a conducting a stock turnover analysis with the stock study data (Method B),
using an equipment capacity assumption per square foot served with the stock study data
(Method C), and scaling up sales from C&l installer interviews (Method D). The Team also
investigated three other potential approach (Methods E, F, and G) but deemed the available data
in those approaches was insufficient for a market size estimate. Below we describe each
approach in more detail.

o Method A (stock study recent installations) relies on the forthcoming C&l Existing
Building Baselines study (MA22C05-B-BSLN). The study completed surveys with
respondents from 846 commercial properties across Massachusetts in 2023. Additionally,
the study conducted 180 on-site verification visits. The analysis for Method A is based on
the self-reported survey data on the types and ages of equipment at each existing C&l
building. For Method A, for each equipment type, the Team estimated the total count of
units in the population installed in the past five years based on weighted survey responses
on the numbers of units at each property by age bin. The survey had one group for ASHP
that included both ducted and ductless systems. The Team assumed 78% of this group
was ducted ASHP and 22% was ductless, matching the proportion from the 2021 program
tracking data. The Team then subset to only units sold in the year 2021 by dividing the
count for the most recent five-year age bin by five*'.

We then estimated total capacity by multiplying the count of each equipment type by an
average capacity for each equipment type.*? For the Preliminary Method A results,
included with the first draft of this report, the average capacities of each equipment type
relied on data from distributor and installer interviews for commercial-duty systems. This
resulted in an over-estimate of installed capacity of systems in commercial settings
because it does not account for residential-duty systems being installed in commercial

41 Specifically, the survey had age bins for each equipment type with the most recent age bin being “0-5 years old.”
Since 2021 is the midpoint of that age range, the Team assumed 20% of the equipment in that age range were sold in
2021.

42 Average capacity was determined by leveraging program data, distributor interview data, and installer interview data.
Capacity data from the MA22C05-B-BSLN survey were deemed inaccurate because they were orders of magnitude
larger than the average capacities form the other sources and the Team did not expect customers to have accurate
understanding of their systems’ capacities.
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settings. In the second draft of this report, the Team includes Revised Method A results
based on capacity data from the on-site inspections and program data. The Team also
revised the average number of units per building based on the on-site inspections since
respondents at times provided counts of indoor units rather than outdoor compressors.

Method A does not properly identify the share of HPWHSs installed in 2021 in commercial
settings. As mentioned above, for space conditioning equipment, the Team estimated the
total counts of units installed in 2021 by dividing the percent of systems installed in the
last five years by 2021. For space conditioning equipment, this is a reasonable assumption
because 2021 was the midpoint of the five-year span and the Team assumes heat pump
sales had been growing throughout the five-year span. For HPWHs, market actor
interviews and program data indicate that HPWH sales were near zero in 2021 and only
started taking off in 2022 and later after the program moved HPWH incentives upstream.
Therefore, it is not a reasonable to assume that 2021 represented a mid-point of sales
over the entire five-year span. Instead, the vast majority of HPWH sales are likely to have
occurred in 2022 or 2023.

e Method B (Stock Study Turnover) relies on the same customer survey data as Method
A but instead of relying on the recent installation used a simple stock turn-over calculation.
For each equipment type, the Team calculated the total units of each equipment type in
the entire population of existing buildings and then divided those counts by the effective
useful life (EUL) of those equipment types from the Massachusetts Technical Reference
Manual 2022-2024 Plan Version.** The Team viewed this method as less reliable than
Method A because heat pumps are generally newer than other types of equipment and
thus sales are not yet based on end-of-life replacements. This approach also assumes
like-for-like replacements rather than heat pumps replacing conventional equipment,
which is the intention of the program.

o Method C (stock study Recent installed floorspace) also relied on the forthcoming
MA22C05-B-BSLN report customer survey data. However, instead of estimating total units
of each equipment type, the Team started by estimating the total square feet served by
each equipment type across the population using survey responses on the percentage of
building square feet served by each equipment type for buildings that had each equipment
type. For each equipment type, the Team multiplied the square feet in the population by
the percentage of buildings that had each equipment type and then by the percentage of
floor area served by each equipment type in buildings that have each equipment type.
This resulted in the total square feet served by each equipment type. The Team then
multiplied the square feet by a “rule-of-thumb” capacity per square foot value to get the
total capacity of each equipment type. The rule-of-thumb heating capacity was set to 40
btu/sqft and the cooling capacity was set to 20 btu/sqft, based on internal expertise from
DNV engineers and informal follow-up phone calls with interviewed installers. To get the
capacity of equipment sold just in 2021, the Team used the same method as in Method A

43 https://www.masssavedata.com/TRL/Technical%20Reference%20Manual%202022-2024%20Final.pdf
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based on survey responses of equipment age. This method did not apply to water heating
equipment.

e Method D (Installer survey sales) relied on interviewed installers sales data. The Team
estimated the total share of employees that worked for installer companies that sell C&l
equipment that worked for the interviewed installers (10%). The Team leveraged
Zoominfo** and Data Axle to identify the number of employees at each company. In cases
where employee data was not available the Team used the average number of employees
per company. Since installer companies tend to be more localized than distributor
companies, the Team had more confidence in employee count estimates from sources
like Zoominfo for installers than we did for distributors. This method assumes that all
companies installed a similar mix of equipment in 2021. There is high-level of uncertainty
regarding if non-participant installer companies sell C&l equipment. Additionally, as
discussed elsewhere the Evaluation Team believed installers 2021 sales estimates may
include telescoping effects from sales in 2022. For these reasons, the Team viewed this
method as unreliable.

e Method E (CBECS) involved exploring the use of the U.S. Energy Information
Administration’s (EIA) Commercial Building Energy Survey (CBECS).*® Ultimately, the
Team determined CBECS was not a sufficiently useful source. Like the MA22C05-B-BSLN
study, CBECS is based on self-reported survey data. Some of the surveys are completed
in person at the facility, but not by interviewers trained in verifying HVYAC and water heater
related responses. Therefore, responses are no more reliable than the self-reported data
from the forthcoming MA22C05-B-BSLN study. The CBECs data is from 2018 surveys
that are dated results especially given the increased uptake in heat pumps recently.
CBECS only had 285 records in the Northeast Census division. This count is far smaller
than for the Massachusetts-specific MA22C05-B-BSLN study. Since CBECS’ small
sample is at the census division, considerable assumptions would have to be made to
truncate to Massachusetts introducing additional uncertainty. Moreover, revisions in the
CBECS questionnaire in the 2018 version removed variables relating to HVAC and
therefore many more assumptions would be required determine age of units, counts of
units sold in 2021, area served by units, and capacity of units. For all these reasons, the
Evaluation Team determined that CBECs was not a reliable enough source of information
for market sizing.

o Method F (distributor sales x market shares) involved exploring the market size based
on interviewed distributors sales and estimates of market share. Unfortunately,
interviewed distributors had very little confidence in their estimates of market share, and
most declined to provide an estimate. Scaling by employees also proved uncertain due to
uncertainties in data on employee counts for non-interviewed distributors. As discussed in
the residential section, it was therefore not viable to use the distributor interviews to create
independent market size estimates. The Team lacked necessary information to
interpedently scale the distributors’ estimates of sales up to an estimate of market-level

44 https://www.zoominfo.com/
45 https://www.eia.gov/consumption/commercial/
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sales. Instead, the Team can use the estimate of the market size derived from other
methods, to estimate the market share of interviewed distributors.

e Method G (other studies) involved conducting secondary research to identify any other
estimate of market sizing. This was an update to Task 2 of this study, which conducted a
similar effort in early 2023. The Team did not find any studies sufficiently useful for the
specific market-sizing needs of this study.

Unit Counts by Method

The Team developed counts of units with the various methodologies described above. Table 43
shows the unit counts calculated for each Method with which a market size estimate was
calculated. Method C was based on square footage served (from the same study) and thus does
not include unit count estimates. The unit count estimates for heat pumps of Method A is lower
than the unit counts for heat pumps in the residential sector. Method D (from installer surveys)
has a higher proportion of ductless to ducted heat pumps then shown in program data, which is
the basis for the split between ducted and ductless unit counts for Method A. The Team assumes
this is because the C&l interviews included mostly small installers who serve residential and small
commercial and are thus more likely to be installing residential-duty systems than others in the
commercial market. Still their estimates reflect only systems installed in commercial locations.

Table 43: Estimated C&l Unit Sales Counts in 2021

Equipment Type Method A Method B Method C Method D
Source Existing Existing Existing ME Baseline
Building Building Building Study Installer
Baseline Study Baseline Study Baseline Study Surveys

Ducted 1,406 1,047 NA 4,090
Ductless 397 295 NA 9,000
VRF 871 492 NA 4,660
Non-HP heating 14,672 20,732 NA 7,670
Non-HP cooling 7,061 12,068 NA 1,680
HPWH 2,561 197 NA 470
Non-HP WH 24,479 1,632 NA
(storage)

1,230
Non-HP WH 3,372 169 NA
(tankless)

Capacity Estimates

Table 44 shows the average capacity values from various sources and the average capacity value
that was selected for Revised Method A, which is the basis for the Team’s best estimate of market
size. Given the Team’s greater confidence in the program data and observed on-site data, than
in the self-reported average estimates from interviewees, the Team used average capacity values
from the on-site study or program data when available. For non-heat pump cooling equipment,
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the on-site data included chillers, which are excluded from the market sizing effort, so the Team
chose the average program data non-heat pump cooling capacity. For water heaters, the Team
chose a capacity that was the average interview responses and program data because the
program data appeared skewed towards smaller systems than market actors said they installed
typically in commercial settings.

Table 44: Average Capacity By Source

Equipment MA22X06-B- MA22X06-B- MA22C05 Program Data  Selected Average
Type HPMEIB HPMEIB -B-BSLN Commercial- Capacity for
Distributor Installer Interviews On-site Locations Revised Method A
Interviews Commercial-Duty Data
Commercial- Commer
[D]114Y cial-
Location
s
Ducted ASHP 493,332 141,579 39,125 37,320 39,125
(Btuh)
Ductless 193,170 88,920 27,759 29,280 27,759
ASHP (Btuh)
VRF (Btuh) 113,832 277,080 NA 170,520 170,520
Non-HP 500,000 250,611 364,908 NA 364,908
heating (Btuh)
Non-HP 105,000 95,221 277,730 138,027 138,027
cooling (Btuh)
HPWH 80 80 NA NA NA
(gallons)
Non-HP water 100 115 NA 78 98*
heating
(gallons)

* 98 is the average of the three available sources weighted equally.

6.4.2 Commercial Market Size Estimates by Method

Table 45 shows the market size estimates from each method with which the Team was able to
calculate estimates: Preliminary Method A, Method B, Method C, Method D, and Revised Method
A. The market size is presented in terms of total capacity sold in 2021 (i.e., “capacity sales in
2021”). Preliminary Method A and B use average capacity values developed based on market
actor interviews before on-site data was available. Such values focus on commercial-duty
equipment and thus are larger than average capacity observed during on-site inspections
because it does not account properly for residential-duty equipment installed in commercial
settings. Method C uses an assumption of BTUs needed per square foot served. Method D is
based on installers’ self-reported installed capacity. Revised Method A uses the average capacity
by equipment type verified by on-site and program data. To create a single value for the water
heating needs being met by non-heat pump water heaters, the Team multiplied the average water
heating capacity by both the count of storage water heaters and tankless water heaters. Tankless
water heaters do not have gallon capacity but applying the same gallon multiplier, as for storage
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water heaters, assumes individual tankless water heaters are meeting a similar amount of water
heating demand as storage water heaters.

Table 45: Estimated C&l Capacity Sales in 2021

Preliminary Method B Method C Method D Revised Method A
Method A Stock turnover Recent Installer Recent Installations
Recent installed sales
installations floorspace
Units Source Existing Building Existing Building Existing ME Existing Building
Baseline Study Baseline Study Building Baseline Baseline Study
Survey (counts) Survey (counts) plus Baseline Study Study Survey (counts)
plus Market Actor Market Actor (floorspace) Installer plus On-sites
Interviews Interviews (average plus average Surveys (average capacity
(average capacity capacity per unit) capacity per sq per unit)
per unit) ft
Equipment Type
Ducted ASHP 446 962 340 588 55
(MMBtuh)
Ductless ASHP 56 22 236 818 11
(MMBtuh)
VRF (MMBtuh) 152 86 40 1,263 148
Non-HP heating 5,507 7,781 1,868 2,205 5,354
(MMBtuh)
Non-HP cooling 796 2,853 296 213 1,513
(MMBtuh)
HPWH (1,000 205 16 NA 38 NA
gallons)
Non-HP water 2,754 176 NA 140 2,729
heating (1,000
gallons)

The Team compared the capacities of Preliminary Method A and Revised Method A to the total
square footage of existing commercial buildings in Massachusetts as identified by the MA22C05-
B-BSLN study. The Team assumed that 5% of the total area of commercial space in
Massachusetts would get new heating equipment each year. The Team also kept the assumption
that each heating system was sized at 40 btu/ft?> served. With these two assumptions, Preliminary
Method A implies that ASHP and VRFs were used to serve 28% of the square footage that
received new heating equipment in 2021 and Revised Method A estimates that same percentage
at 1%.

As discussed in the individual Method descriptions above, the Team concluded that Preliminary
Methods A, and Methods B, C, and D have limited validity. Preliminary Method A relies on average
commercial-duty equipment capacities rather than the average capacity of equipment installed in
commercial settings. Method B is based on effective useful life calculations, which assumes like-
for-like replacements and does not account for heat pumps sales increasing more recently.
Method C relies on an assumption of capacity per square foot and could include the square
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footage of non-conditioned area. Method D relies on interviewed installer estimates that the Team
believes suffers from telescoping effects. Additionally, Methods E, F, and G, were determined to
be unreliable due to reasons described in 6.4.1. Therefore, the Team suggests using Revised
Method A for most market sizing estimates for space conditioning equipment.

For water heating equipment, the Team recommends using Revised Method A for non-HP water
heating and Method D for HPWHSs. The different methodology for HPWHs is the result of HPWHs
sales picking up in 2022 and 2023 after being relatively small in 2021 according to market actor
interviews. Both Preliminary and Revised Method A assume that 2021 represents a mid-point of
sales for the five-year span of 2019 to 2023. For HPWHSs, this is not reasonable assumption.
Therefore, the Team recommends using Method D based on installer interviews, though Method
D may have telescoping effect for HPWHs and so this represents a maximum estimate.

Table 46: Best 2021 C&I Capacity Sales Estimates

Equipment Type Suggested Value Source Suggested Value
Ducted ASHP (MMBtuh) Revised Method A 55
Ductless ASHP (MMBtuh) Revised Method A 11
VRF (MMBtuh) Revised Method A 148
Non-HP heating (MMBtuh) Revised Method A 5,354
Non-HP cooling (MMBtuh) Revised Method A 1,512
HPWH (1,000 gallons) Method D 38
Non-HP water heating (1,000 Revised Method A 2,729

6.4.3 Estimated Total 2021 C&I Market Sales by Equipment Type

Table 47 shows 2021 capacity-based Massachusetts market-level sales and shares of
commercial equipment intended for installation in existing commercial buildings.

Heat pumps represented a small percentage of the heating and cooling capacity installed
in 2021 in the C&I market. In total heat pumps represented only 4% of commercial space heating
capacity and 12% of commercial space cooling capacity. Note that this study excluded chillers
since heat pumps are less likely to replace chillers. Chillers are designed to meet very large
cooling loads and thus the exclusion of chillers from this study results in overestimate of heat
pump penetration for cooling capacity.

In 2021, VRFs comprised a majority of heat pump capacity installed in the C&l market
(69%). This percentage is calculated by dividing the capacity of VRFs by total capacity of all air
source heat pumps and reflects the larger average capacity of VRFs compared to ducted and
ductless ASHPs. Ducted and ductless ASHPs tend to be residential-duty systems when installed
in C&l locations while commercial-duty systems tend to be VRFs. In fact, when looking at counts
of air source heat pump systems by unit (Table 43), VRFs represent only 33% of units, while
ducted heat pumps represent 53% of units.

In 2021, heat pump water heaters represented a small percentage (1%) of the water heating
capacity installed in the C&l market. This reflects market actors interviews that indicated that
sales of HPWHs started picking up in Massachusetts after the program moved HPWHSs upstream
in 2022.
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Table 47: 2021 MA Market-level Sales of Commercial Equipment in Existing
Buildings, by Capacity
% of Space or % of Space

Equipment Type Capacity Water Heating Cooling
Capacity Capacity
Space Conditioning (MMBtuh)

Ducted Air Source Heat Pump systems (air-

0, 0,

to-air only) — Split, Unitary, or Packaged o 1% 3%

Cold-climate ducted ASHP systems 17

Other ducted ASHP systems 39
DL.lctIesls Air Source Heat Pump systems 1 <1% 1%
(air-to-air only)

Cold-climate ductless ASHP systems 3

Other ductless ASHP systems 8
Air Source VRF systems (air-to-air only) 148 3% 9%

Air Conditioning systems using direct
expansion (dx) cooling (non-heat pump, split, 1,512 88%
or unitary, excludes chillers)

Fossil Fuel-fired Heating systems (all

0,
combined, including combi boiler systems) Sk L
Total 100% 100%
Water Heating (1,000 gallons)
Heat Pump Water Heaters 38 1%
Fossil Fuel-fired & Electric Resistance
Water Heaters — Storage and instantaneous 2,729 99%
(excludes indirect water heaters)
Total 100%

6.4.4 Estimated Percentage Change in Sales of C&l Heat Pumps 2021 — 2022

Table 48 shows the estimates of percentage change in commercial-duty air source heat pump
sales from distributors and manufacturers, and installations from installers. The distributors
provided the most complete information on percentage change in sales by type of commercial-
duty equipment and likely know the breadth of system types sold and subsequently installed in
Massachusetts than the participating installers.

All the average percentage changes that market actors reported showed growth in their
sales of C&l heat pump equipment from 2021 to 2022. Manufacturers indicated that their sales
of cold-climate ducted and ductless air source heat pumps in Ohio grew less than those in
Massachusetts.

M ﬁ @TETRA TECH o



MA22X06-B-HPMEIB & MA23X18-B-INTERIMHP JOINT FINAL REPORT

Table 48: Market Actor Estimates of Percentage Change in Commercial-duty
ASHP & HPWH Sales or Installations, 2021 — 2022

Equipment Type & Capacity Participating Participating Manufacturers
Distributors Installers
OH
Combined Ducted & Ductless Air - - 12% smaller
Source Heat Pump systems increase
than MA
Ducted Air Source Heat Pump 15% 40% - -

systems (air-to-air only) — Split,
Unitary, or Packaged

Cold-climate ducted ASHP 13% -- greater --
systems increase
than OH

Other ducted ASHP systems 16% - - -

Ductless Air Source Heat Pump -- 42% — =

systems (air-to-air only)

Cold-climate ductless ASHP -- - greater -
systems increase
than OH
Other ductless ASHP systems -- - - -
Air Source VRF systems (air-to-air 44% 45% 14% smaller
only), all sizes increase
than MA
Heat Pump Water Heaters 0% See notes See notes See notes
below below below

6.4.4.1 Additional Manufacturer Insights Into 2021-2022 C&l Sales Changes
Cold-climate air source heat pumps. Although manufacturers reported an increase from 2021 to
2022 in the Massachusetts sales of commercial ASHPs and VRFs designed specifically for cold
climates, they noted the lack of a standard definition for cold-climate in the commercial sector
made it difficult to offer solid estimates of changes in cold-climate sales.

Heat pump water heaters. The commercial market for heat pump water heaters is nascent. The
four water heater manufacturers indicated that commercial heat pump water heaters represented
less than 1% of their 2021 Massachusetts sales of commercial water heaters. They all noted the
first commercial HPWHSs are a new development, with several first product offerings entering the
market in 2022 or 2023. Indeed, the two participating installers who reported installing heat pump
water heaters in commercial settings in 2021 both installed 80-gallon residential-duty systems in
these settings.
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6.5 PARTICIPATING MARKET ACTORS’ SHARE OF TOTAL MARKET ACTIVITY

The study attempted to estimate the shares of total 2021 and 2022 Massachusetts market activity
accounted for by participating distributors and installers.

The participating distributor population accounts for the vast majority of total market
activity in Massachusetts in 2021 and 2022. To develop the sample frames for Massachusetts,
the Team first sought to identify the populations of distributors operating in Massachusetts that
sell the types of residential or residential-duty or commercial-duty space conditioning or water
heating equipment examined in this study. The initial distributor population estimate included 140
companies in Massachusetts, with 100 participating companies and 40 non-participating
companies. While fielding the interviews with non-participating companies, the Team learned that
16 of these 40 companies did not actually sell any of the equipment examined in this study and
that 12 more companies were out of business or were subsidiaries of other companies already
identified. With this information, the Team estimated the final population of Massachusetts
distributors to comprise 112 unique distributors. One hundred of these distributors (89%) had
signed up to participate in a midstream program in 2021 or 2022. Just 12 distributors did not
participate in 2021 or 2022. The Evaluation Team could not secure interviews with any of the 12
Massachusetts non-participant distributors. While there was no reliable way to determine the size
of these 12 non-participant distributors, it was unlikely that they comprise the largest distributors
in Massachusetts.

The participating installer population accounts for at least 75% of total residential market
activity in Massachusetts in 2021 and 2022. The Team attempted to field a survey to non-
participating installers of residential HVAC and water heaters in Massachusetts. The sample
frame for this survey comprised Massachusetts-based installers identified through data
purchased from ZoomInfo and DataAxle, with 2021 participating installers removed. We examined
the share of participating installers in our combined sample frame for both participating and non-
participating installers. Participating installers represented over 90% of all installer companies,
while in terms of the employee counts, the participating installers represented 75% of all installers.
That said, we found out in our non-participant survey screening that not all companies in our
sample frame for non-participating installers are actually installers, and some turned out to be
participating installers. This implies that 75% is actually a lower bound for the participating
installers’ share of total installations in Massachusetts in 2021 and 2002 of residential space
conditioning or water heating equipment examined in this study. It was not possible to develop a
similar estimate for participating installers’ share of commercial equipment installations since
there is less information on installer companies were C&l participants in 2021.
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Section 7 Program Penetration

7.1 RESIDENTIAL PROGRAM-SUPPORTED EQUIPMENT

The number of incentives dispersed for residential air source heat pump systems and heat
pump water heaters increased from 2021 to 2022, indicating overall growth in the markets
for these equipment types. That the percentage changes in program-supported equipment
from 2021 to 2022 are greater than the percentage changes estimated by market actors
suggests that most of the market growth from 2021 to 2022 is program-driven.

While the number of rebates and midstream incentives more than doubled for ducted air source
heat pump systems (123%) versus increasing by one-third (34%) for ductless, the PAs’ programs
supported many more ductless systems than ducted ones in 2021, so the absolute increase in
program-supported ductless systems was higher than in ducted systems (4,737 versus 3,721).
The number of program-supported residential heat pump water heaters grew by 38% from a
relatively small base of 1,196 units in 2021.

The 2021 — 2022 percentage changes in program-supported heat pumps exceed the market
actors’ estimates of percentage growth (Table 42) for cold-climate ducted and ductless air source
heat pump systems and are close to market actors’ estimates of growth in heat pump water
heaters sales. This suggests that the programs are driving interest in the equipment. Program-
support for ground-source heat pumps increased from 2021 to 2022, but the overall count of
systems is still very small.

Note that the program-supported equipment counts presented here exclude incentives provided
through the Residential New Buildings program because the 2021 tracking data does not break
out space conditioning and water heating systems installed by type of equipment for this program,
so these counts are incomplete. Note that water source heat pumps were not a focus of this study.

Figure 34: Residential Program-Supported Air- and Ground-Source Heat Pump
Systems & Units of Heat Pump Water Heaters, 2021 & 2022 (excluding new
construction)
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* We define a heat pump or central air conditioning system by the number of compressors. Our understanding is that
the program tracking data reports the number of compressors. Program-supported ASHPs includes 1,106 undefined
or custom heat pumps in the program penetration counts for ducted and ductless ASHPs, allocated based on the
proportion of program-supported units (18% ducted and 82% ductless). However, the Team notes that these custom
or undefined systems may be larger equipment, such as VRFs, installed in multifamily buildings.

7.1.1 Residential & Residential-duty 2021 Heat Pump Program Penetration and
Out-of-Program Adoption

Program-supported units comprised over half of estimated 2021 sales of cold climate
ductless systems, and almost three-quarters of cold-climate ducted systems, and more
than one-third of estimated 2021 sales of all Massachusetts residential air source heat
pump systems,

Program-supported heat pump water heaters represented two-fifths of all estimated 2021
sales of Massachusetts residential heat pump water heaters.

The results suggest that in 2021 out-of-program adoption of cold-climate ducted air source
heat pump systems was 27%; of cold-climate ductless air source heat pump systems was
44%; and of heat pumps water heaters was 60%.

Figure 35 shows 2021 units of residential program-supported air source heat pump systems and
heat pump water heaters compared to estimated 2021 Massachusetts market-level sales of cold-
climate ASHPs, to all ASHPs, and to heat pumps water heaters. Figure 36 shows program
penetration percentages. If we assume that all the residential air source heat pump systems
supported by the program in 2021 were cold-climate systems, then the program-supported
systems represented almost three-quarters (73%) of the estimated 2021 Massachusetts sales of
cold-climate central systems and more than half (56%) of the estimated sales of cold-climate
ductless systems. Program-supported heat pump water heaters represented 40% of the
estimated 2021 sales of Massachusetts residential heat pump water heaters. In 2021, program-
supported ducted air source heat pump systems represented one-third (34%) of all estimated
2021 Massachusetts residential central source heat pump system sales and more than one-third
(37%) of all estimated ductless system sales.

As we noted in 6.3.1, we have less confidence in the heat pump water heater residential market
size estimate than in the estimates of other residential equipment types, and suspect that the
2021 program penetration is likely higher for heat pump water heaters than the figure shows.
Market level sales estimates for GSHP systems were not conducted due to very low prevalence
and high uncertainty. While counts of program-supported GSHPs from 2021 and 2022 are
included above, they are excluded from the figures below.

Figure 35 suggests that, in 2021, out-of-program adoption of cold-climate ducted air source heat
pump systems was 27% (i.e., 100% - 73%), of cold-climate ductless systems was 44%, and of
heat pumps water heaters was 60%. The residential installers’ estimates of 2021 out-of-program
adoption were notably lower than these estimates. This is in part due the distributors’ estimates
of the percentages of cold-climate air source heat pump systems they sold in 2021 being lower
than residential installers’ estimates of the percentages of cold-climate air source heat pump
systems they installed in 2021. As we explained in 6.2, the breakdown of Massachusetts market-
level estimated 2021 residential cold-climate sales is based on the distributors’ estimates.
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Figure 35: 2021 Units of Residential Program-supported Systems Compared to
MA Market Sales
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*Program-supported ASHPs includes 1,106 undefined or custom heat pumps in the program penetration counts for
ducted and ductless ASHPs, allocated based on the proportion of program-supported units (18% ducted and 82%
ductless). However, the Team notes that these custom or undefined systems may be larger equipment, such as VRFs,
installed in multifamily buildings.

Figure 36: 2021 Residential Program-supported ASHP & HPWH Penetration into
MA Cold-climate ASHP Market, All ASHP Markets, and MA HPWH Market
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7.1.2 Residential & Residential-duty 2022 Heat Pump In-Program Adoption by
Income Group

In-program heat pump adoption is substantially higher among non-low- or moderate-
income (non-LMI) households than among moderate- and low-income households. In-
program heat pump adoption is higher among moderate-income households than among
low-income households. In-program heat pump adoption rates among low- and moderate-
income households are higher for ductless than ducted ASHPs. This outcome is to be
expected given policies and program support in place during the period of interest. We
define the heat pump in-program adoption rate as the percentage of program-eligible households
in Massachusetts in each income group that in 2022 installed an air source heat pump or heat
pump water heater.“® These estimated rates are based on the actual rebated heat pump
equipment counts in 2022 from the program tracking data. Therefore, we consider them more
reliable than those based on respondent self-reports of whether they received rebates for the heat
pump they installed.

The B1a Income Eligible initiative began offering support for heat pumps to income-eligible
customers in homes heated with gas in 2022. It is the evaluation team’s understanding that, given
concern around energy burden for low- and moderate-income customers, the programs have not
pushed gas-to-electric conversions among those low- and moderate-income customers in
situations in which it might lead to higher bills. Given the prevalence of residential gas heating in
Massachusetts, we would thus expect the in-program heat pump adoption rate to be lower among
low-income households than among other residential customer groups.

In 2022, the in-program adoption of cold-climate air source heat pump systems was 1.51% for
non-low- or moderate-income, 0.49% for moderate income, and 0.17% for low-income
households. In-program adoption of heat pump water heaters was 0.09% for non-low- or
moderate-income, 0.06% for moderate income, and 0.02% for low-income households (Table 49).

Table 49: In-program Heat Pump Adoption Rates in 2022 by Income'

Low income Moderate income Non low or

moderate income

Air source heat pumps 0.17% 0.49% 1.51%
Ducted air source heat pumps 0.02% 0.08% 0.42%
Ductless air source heat pumps 0.16% 0.41% 1.09%

Heat pump water heaters 0.02% 0.06% 0.09%

"The percentage of households in Massachusetts that are low income, moderate income, and non-LMI based on the
American Community Survey is applied to the total number of households in Massachusetts that are eligible for PA

46 To get program participation counts for each income group, we applied the share of heat pumps installed by each
income group from the 2022 participant survey to proportionally allocate the total number of A2a - Residential
Coordinated Delivery and A2c - Residential Retail program rebates in 2022 to each income group. We added the
remaining B1a-Income Eligible rebates in 2022 to the low-income participant count. We divided the participation counts
in each income group by the total number of program-eligible households in each income group in Massachusetts to
calculate in-program HP adoption rates.
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programs based on the Residential Panel 7 portion of the Massachusetts Residential Building Use and Equipment
Characterization Study (MA22R53-B-RBU) study to develop population counts of eligible households by income group.
Eligible population counts exclude households in municipal service territories that are not eligible for PA programs.

7.2 COMMERCIAL & INDUSTRIAL PROGRAM-SUPPORTED EQUIPMENT

The number of rebates and midstream incentives dispersed for heat pump systems in
existing C&l buildings increased from 2021 to 2022, except for the water source heat
pumps. All 2021 and 2022 water source heat pump incentives were dispersed midstream. Water
source heat pumps are also no longer a focus of the Mass Save heat pump activities. The
Evaluation Team did not assess space conditioning incented units by capacity due to limited
information in the data on equipment capacity.*’

Figure 37 also shows that rebates and midstream incentives more than tripled for ASHP systems,
nearly doubled for GSHP systems, and increased by 71% for VRFs since 2021.
Figure 37: Quantity of C&l Program-supported Heat Pump Systems & Heat Pump
Water Heaters, 2021 & 2022 (excluding new construction)
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Note: Per the 2021 KPI #3 in the statewide report, there was a total of 1,011 C&l heat pump installations, while there
was a total of 1,018 C&l heat pump installations in the program data the Team received. After removing records that
were installed in new construction, the 1,018 C&l heat pump installations decreased to 926, shown in the chart above.

7.21 Commercial-Duty Program Penetration 2021

Program-supported units comprised 13% of estimated 2021 sales of Massachusetts
commercial-duty air source heat pump systems, nearly one-half (46%) of VRF systems,
and no HPWH systems. Figure 38 shows 2021 units of C&l program-supported ASHP, VRF,

47 The Evaluation Team learned that PAs do not require capacity of the units to be tracked. Hence, the heat pump
system capacity information was sparse in the 2021 Mass Save C&l heat pump tracking data. The Evaluation Team is
still waiting for the heat pump capacity information in the 2022 Mass Save C&l heat pump tracking data.
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and heat pump water heaters compared to estimated 2021 Massachusetts market-level sales of
ASHPs and to heat pump water heaters. Figure 39 shows program penetration percentages.

The program’s lighter emphasis on the C&l market compared to the residential may explain the
low penetration shown in the figure, particularly for ASHPs. While we do not have data on program
activity in 2021, data in Appendix B show that C&Il-focused trainings did not start until the end of
2022. Additionally, market actors may not have viewed the smaller incentives in 2021 as worth
the effort to participate in the program compared to 2022. Lastly, multiple market actors described
instances of project that planned to go through the program but ended up not qualifying; however,
it is not clear that such program drop-out happened in 2021

While the program penetration is low, the overall market size is also low. The total amount of
ducted and ductless heat pumps sold in the C&l market in 2021 (1,803 units) was only 4% of the
total amount of ducted and ductless heat pumps sold in the residential market (47,345). The C&l
customers that installed heat pumps in 2021 are thus likely early adopters who do not factor
program support strongly into their decision to adopt heat pumps. As showing in Figure 37,
program participation increased substantially in 2022 after the program changed the incentive
structure and started ramping up C&l programs. Program penetration likely increased in 2022,
but we do not have estimates of the 2022 market size.

Figure 38: 2021 Units of C&l Program-supported Systems Compared to MA
Market Sales — Existing Buildings Only
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Figure 39: 2021 C&I Program-support ASHP & HPWH Penetration Into ASHP and
HPWH MA Market — In Terms of Units

50%
40%
30%
20%
10%

0%

NMR

Group,

13%

ASHP

——— @ TETRA TECH
DNV

46%

0%

VRF Heat Pump Water Heater

149



Section 8 Attribution

In this section, the Team assesses program influence and attribution by the following methods:

e Assessing qualitative evidence from manufacturers, distributors, and installers about
changes in market activity or practices between 2021 and 2022 as well as the influence
of the program on these changes

o Comparing differences between the 2021 and 2022 values of indicators of market effects
that are expected to change soonest, to see if they conform to the program theory and
move in the expected direction

e Assessing traditional 2022 NTG from participating market-rate residential customers to
establish a floor for market effects from the first year of the program

Note that we did not measure 2022 NTG from commercial customers because relatively few C&l
customers adopted heat pumps in 2022. In Appendix I, we present estimated 2021 market-level
NTG ratios using market actors’ assessments of sales or installations absent the program (i.e.,
self-reported counterfactuals) and estimates of program penetration. The purpose of estimating
2021 NTG was to provide context for understanding the 2022 residential NTG ratios.

As the PAs’ programs may not be the only factor causing the predicted changes in the market,
we also examine other possible causal factors. These included the possibility of program support
other than Mass Save and early effects of the Inflation Reduction Act.

We present the results in the following order:
2021:

1. Evidence of program support in 2021 other than Mass Save

2. Residential program attribution for 2021 from market-actor self-reported counterfactual
sales or installations

3. Commercial & Industrial program attribution for 2021 from market-actor self-reported
counterfactual sales or installations

4. Evidence of program support in 2022 other than Mass Save

5. Changes since 2021 in distributor stocking or inventory practices for Residential and
Commercial & Industrial equipment, combined, and reasons for the changes

6. Qualitative evidence for Residential program attribution in 2022, and 2022 Residential
NTG

7. Qualitative evidence for Commercial & Industrial program attribution in 2022

8.1 2021 PROGRAM SUPPORT OTHER THAN MASS SAVE

For the first half of 2021 the Mass CEC pilot program provided support for residential heat
pumps in existing and new construction homes served by natural gas, after which it ended.
Distributors were not aware of any program support other than Mass Save that was
available at the time. Of 13 distributors that sold either residential- or commercial-duty ASHPs
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or HPWHs, one noted that both their company and manufacturers offer their own rebates because
of the difficulty of selling commercial and residential cold climate heat pumps:

» “We do that even on the high end, it's a tough sell for the cold climate heat pumps, we
tend to have to subsidize those products with our own rebates, which is sometimes
another $3,000 or $4,000. [There was] nothing else besides tax credits, but that was
only $300 in 2021” for residential geothermal heat pumps.*®

The other distributor said that some of the residential heat pump equipment they sold in 2021 had
received municipality support:

> “Danvers allocated $200,000, [but] once it's gone, it's gone.”

Several distributors mentioned that some of the equipment they sold in previous years was
supported through the Mass CEC program, which stopped accepting applications on June 25.
2021.

8.2 2021 RESIDENTIAL ATTRIBUTION

8.2.1 2021 Market- and Organization-level Residential Counterfactual Sales or
Installations from Distributors & Installers

Distributors and installers indicated that 2021 cold-climate air source heat pump and heat
pump water heater sales would have been 25% to 47% lower absent the program.

The Team asked distributors and installers for the 2021 counterfactual sales or installations for
cold-climate air source heat pumps and for heat pump water heaters at two levels, the level of the
respondent’s own organization (the “organization level”’) and at the level of the Massachusetts
market for the respective equipment type (the “market level”).

The organizational counterfactual sales or installation is the units of equipment that respondents
say their organizations would have sold or installed had there been no program support, as a
percent of their actual sales. The organization-level question series was worded as “If Mass Save
had not existed, would your company’s 2021 Massachusetts [unit sales/installations] of [cold-
climate ducted and ductless air source heat pump systems/heat pump water heaters] been lower,
higher, or about the same as they were?” and “By about what percent lower or higher?” (The
wording was similar for heat pump water heaters.) The market-level counterfactual
sales/installation series differed from the organization-level series in that it asked each respondent
to estimate the difference in 2021 cold climate ASHP or in HPWH unit sales/installations across
the entire Massachusetts market. Note that the installers’ counterfactual estimates are for
residential-duty equipment installed in residential buildings, while the distributors’ counterfactual
estimates are for residential-duty equipment, regardless of where installed. Not all residential-
duty equipment is installed in residential buildings and some commercial premises can have large
proportions of residential-duty equipment.

48 Residential Energy Credits, IRS form 5695, accessed January 1, 2024, from 2021 Form 5695 (irs.gov).
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The organization-level responses are weighted to represent the full market based on each
respondents’ reported equipment sales or installation counts. We applied each respondent’s
organization-level counterfactual sales or installations to their own sales or installations to
produce one counterfactual sales or installations percentage estimate per equipment type for all
respondents’ organizations. The market-level responses are each estimates of the full market.
We treat each respondent’s full-market estimates as equally valid and take a simple (unweighted)
average of these responses across all those who answered the question.

All distributors and installers said that, without Mass Save, sales or installations of cold climate
ASHPs or of HPWHSs in 2021 at either level would have been the same or lower. Table 50 reports
the result as the percentage of actual 2021 sales or installations that 2021 sales or installations
would have been absent Mass Save (i.e., 100% minus the percentage lower or plus the
percentage higher).

Except for organization-level cold-climate ducted air source heat pumps, the distributors
and installers offered very similar counterfactual sales or installations estimates at both
the organization level and market level. Their estimates of the market-level counterfactuals
were consistently lower than of their own organizations’ counterfactual sales or
installations.

¢ Organization-level counterfactual sales or installations mostly hover between 60%
and 70%.
o Market-level counterfactual sales or installations hover at a little more than 50%.

The Team considers the market-level estimates more meaningful assessments of the
counterfactual sales or installations for the Massachusetts residential equipment markets
than the organization-level counterfactual. This is because:

o We expect the distributors’ and installers’ assessments to better represent the market
counterfactual sales or installations than the counterfactuals for their own organizations.
That s, we rely on the respondents to adjust for non-response bias in the own-organization
average (weighted), if any is present.

o The distributors’ and installers’ average market-level counterfactual sales or installation
estimates are much more similar to each other than are their sales-weighted organization-
level counterfactual sales or installation estimates.

While the two sets of market-level counterfactual sales or installation estimates are very
similar, we are inclined to put more credence in the distributors’ market-level sales
estimates. The reasons are:

e The distributors we interviewed represented larger portions of the Massachusetts
residential equipment markets than the residential installers. As Table 35in 6.1 shows, the
interviewed distributors reported selling between 16% and 78% of the capacity of
equipment in the 2021 Massachusetts market sales estimate, with the percentage varying
by equipment type.

¢ Installers may be more inclined to attribute their customers’ decision-making to their own
powers of persuasion instead of program support.
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o As we noted in the installer and distributor memos, while there was non-response bias in
both data collection efforts, it seemed more pronounced in the residential installer survey.
The residential water heater installers seemed particularly optimistic about heat pump
water heaters and their rate of market adoption.

Distributors indicated that 2021 program support had less of an impact on their ducted cold-
climate air source heat pump sales than installers did on their installations (75% versus 59%). In
every case, these participating distributors and installers estimated that the market-level
counterfactual sales or installations would have been somewhat lower than their own
organization-level counterfactual for the same equipment type — and in the case of distributors,
the market-level counterfactual for ducted cold-climate air source heat pump sales was a lot lower
than their own organization’s counterfactual (53% versus 75%).

Table 50: 2021 Residential Equipment Counterfactuals at Levels of Organization
and Massachusetts Market
Residential Equipment & Counterfactual Type % of Actual 2021 Sales or Installations that

2021 Sales or Installations Would Have Been
Without Mass Save

Participating Participating
Distributors Installers

Cold-climate Ducted Air Source Heat Pump systems (air-
to-air only) — Split, Unitary, or Packaged, < 5.4 Tons, < 65

kBtuh
Respondents’ own organizations (sales-weighted) 75% 59%
Respondents’ estimate of entire MA market (simple 53% 54%
average)

Cold-climate Ductless Air Source Heat Pump systems
(air-to-air only), < 5.4 Tons, < 65 kBtuh

Respondents’ own organizations (sales-weighted) 60% 60%
Respondents’ estimate of entire MA market (simple 54% 54%
average)
Heat Pump Water Heaters
Respondents’ own organizations (sales-weighted) 68% 67%
Respondents’ estimate of entire MA market (simple 57% 54%
average)

8.3 2021 COMMERCIAL & INDUSTRIAL ATTRIBUTION

8.3.1 2021 Market- and Organization-level Counterfactual Sales or Installations for
Commercial Equipment

Distributors and installers indicated that roughly 40% of 2021 cold-climate ASHP and of
HPWH sales would not have occurred absent the program.

As we describe in more detail in 8.1, the Team asked distributors and installers for the 2021
counterfactual sales or installations for cold-climate air source heat pumps and for heat pump
water heaters at two levels, the level of the respondent’s own organization (the “organization
level”) and at the level of the Massachusetts market for the respective equipment type (the “market
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level”). As we noted earlier, the counterfactual is the capacity of equipment that respondents say
their organizations would have sold had there been no program support. The organization-level
question series was worded as

“Had Mass Save not existed, would your company’s Massachusetts unit installations of cold-
climate commercial-duty [IF NEEDED: ducted and ductless including VRFs)] air source heat
pump systems in 2021 been lower, higher, or about the same as they were? [IF LOWER OR
HIGHER] By about what percent [lower/higher]?”

The wording was similar for heat pump water heaters.

The market-level series differed from the organization-level series in that it asked about 2021 cold
climate ASHP or in HPWH unit sales/installations across the entire Massachusetts market. The
organization level results are weighted based on each respondents’ sales or installation counts.
The market-level results are the averages of unweighted estimates from across all those who
answered the market-level question series.

Table 51 reports the results as the percentage of actual 2021 sales or installations that 2021 sales
or installations of cold climate ASHPs or of HPWHs would have been absent Mass Save (i.e.,
100% minus the percentage lower or plus the percentage higher). Most respondents noted that
sales or installations would have been lower without Mass Save, a few noted installations would
have been the same, and none said installations would have been higher. As we also noted in
8.2.1, distributors provided estimates based on equipment type and installers provided estimates
based on customer type.

Note that after interviewing distributors, the Team received capacity data from the program and
existing building on-sites in the MA22C05-B-BSLN that showed that all the ducted and ductless
ASHPs installed in the C&l market in 2021 were residential-duty systems. The Team then called
the few interviewed distributors who reported selling ducted and ductless ASHPs over five tons in
2021 and confirmed that all the ductless ASHPs they had reported as being over five tons were
actually VRFs. The Team therefore combined the responses for ductless ASHPs with the
responses for VRFs.

Distributors and installers provided similar estimates for counterfactual sales of cold-
climate VRFs. All VRFs are commercial-duty, so we can compare distributor responses (based
on equipment type) and installer responses (based on customer type). At the organization level,
the VRF counterfactual estimates were 68% for distributors and 72% for installers. At the market
level, it was 62% for distributors and 58% for installers.

Distributors' and installers’ ducted and ductless cold-climate ASHP counterfactual
estimates are not comparable since distributors provided estimates for commercial-duty
equipment while installers provided estimates for commercial customer equipment,
including residential-duty. Nonetheless, respondents provided coincidentally similar market
counterfactuals (58%).

The Team considers the market-level estimates more meaningful assessments of the
counterfactual sales and installations for the Massachusetts C&l equipment markets than
the organization-level estimates for the same reasons noted in 8.1.
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Table 51: 2021 C&Il Equipment Counterfactual Sales and Installations at Levels of
Organization and Massachusetts Market

% of Actual 2021 Sales or Installations
that 2021 Sales or Installations Would
Have Been Without Mass Save

Participating
Installers
(Commercial
Customer

Equipment & Counterfactual Type

Participating
Distributors
(Commercial-Duty)

Cold-climate Ducted Air Source Heat Pump systems
(air-to-air only) — Split, Unitary, or Packaged,

Respondents’ own organizations (sales-weighted) 72% 55%
Entire MA market (simple average) 58% 58%:2
Cold-climate Ductless Air Source Heat Pump
systems (air-to-air only)
Respondents’ own organizations (sales-weighted) NA 56%
Entire MA market (simple average) NA 58%2
Air Source VRF systems (air-to-air only) (Input: <
5.4 Tons/65 kBtuh), all sizes

Respondents’ own organizations (sales-weighted) 68% 72%

Entire MA market (simple average) 62% 58%:2
Heat Pump Water Heaters

Respondents’ own organizations (sales-weighted) Not available 70%

Entire MA market (simple average) Not available Limited data®

@ The C&l installers provided a combined estimate for ducted ASHPs, ductless ASHPs, and VRFs.
b Four C&l installer responses were not enough to offer a robust estimate.

8.4 2022 PROGRAM SUPPORT OTHER THAN MASS SAVE

The Team found no evidence of program support specifically targeting either residential
or commercial heat pumps in Massachusetts in 2022 other than the Mass Save offerings,
and little evidence of other support targeting heat pumps besides tax credits. In 2022, in
addition to Mass Save Massachusetts, residential customers had the $300 federal tax credit for
installing a ground source heat pump. As in 2021, grants for efficiency projects in school buildings
were available through the Massachusetts School Building Authority, but these did not specifically
target heat pumps. While the Inflation Reduction Act (IRA), passed in 2022, includes support for
heat pumps through a variety of means, according to informal conversations with the DOE
programs are not expected to begin until fall 2024 at the earliest. A more immediate impact of the
IRA, which went into effect in 2023, is the expansion of tax credits for heat pump projects. See
Appendix H for more details.
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8.5 CHANGES SINCE 2021 IN DISTRIBUTOR STOCKING OR INVENTORY
PRACTICES, AND REASONS FOR CHANGES

Since 2021, almost two-thirds of the distributors we interviewed that sell residential- or
commercial-duty cooling equipment had increased their inventory of air source heat
pumps at the expense of cooling equipment, and more than one-third of those that sell
residential- or commercial-duty heating equipment had changed the types of heating
equipment they keep in inventory to accommodate increased stocks of air source heat
pumps, most at the expense of boilers. Majorities of both sets of distributors cited the
changes in rebates, incentives, or both as among the reasons for the changes.

Since 2021, more than one-quarter of distributors that sell residential- or commercial-duty
water heating equipment increased their inventory of heat pump water heaters. Only one
of the three distributors that did so explained, attributing the change entirely to the
programs.

The Team asked distributors whether their companies had changed the types of cooling, heating,
and water heating equipment that they keep in inventory since 2021, and if so, how. To reduce
response burden, we asked these questions generally, without specific reference to residential-
or commercial-duty equipment.

Cooling equipment. Aimost two-thirds (62%, or eight of 13) of participating distributors that sell
residential- or commercial-duty cooling equipment changed the types of cooling equipment they
keep in inventory since 2021 by increasing their inventory of air source heat pumps. Five of these
eight distributors cited the changes in rebates, incentives, or both as among the reasons for
increasing their inventory of air source heat pumps

Heating equipment. More than one-third (36%, or five of 14) of participating distributors that sell
residential- or commercial-duty heating equipment changed the types of heating equipment they
keep in inventory since 2021 by increasing their inventory of air source heat pumps or of program-
supported equipment. Four of these five distributors gave a reason a reason for the change. All
four cited either the changes in Mass Save rebates or upstream incentives. One specifically
mentioned the reduction in incentives for delivered fuels and the reduced program emphasis on
boilers. Three of the five specifically noted that their companies had increased inventory of
ductless air source heat pumps at the expense of boiler inventory.

Water heating equipment. More than one-quarter (27%, or three of 11) of participating
distributors that sell residential- or commercial-duty water heating equipment changed the types
of water heating equipment they keep in inventory since 2021 by increasing their inventory of heat
pump water heaters. Only one of the three distributors that said they had increased their inventory
of HPWHSs since 2021 offered a reason why. To quote this distributor, “Mass Save has driven the
product.”
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8.6 2022 RESIDENTIAL ATTRIBUTION

8.6.1 Qualitative Evidence for Residential Program Attribution

8.6.1.1 Market Actors’ Reasons for Changes in Sales or Installations of Residential
Equipment from 2021 to 2022

Distributors, installers, and manufacturers most frequently cited Mass Save rebates or

upstream incentives as the reason for growth in their sales or installations of residential

air source heat pumps and heat pump water heaters from 2021 to 2022.

Distributors. Distributors most frequently cited the Mass Save rebates as the reason for growth
in sales of residential air source heat pumps from 2021 to 2022 (Table 52), and the upstream
incentives as the reason for growth in sales of heat pump water heaters (Table 53).

Table 52: Reasons for Growth in Cold Climate Air Source Heat Pump Sales
(Distributors)

Reason Number of Respondents

Mass Save rebates/increase in rebate value 5

Increased demand for home improvement 2
Increased market familiarity with ductless systems 1
Desire for cooling 1
Push for electrification 1

Table 53: Reasons for Growth in Cold Climate Heat Pump Water Heater Sales

(Distributors)
Reason Number of Respondents
Mass Save upstream incentive/rebates 4

Interest in efficiency in new construction market

Equipment performance/market interest in highly efficient equipment
Simple program helps counter staff sell the equipment

Awareness of equipment

= a NN

Two distributors had to say this about the effect of the rebates on growth:

e Rebates were a huge part of the increase. Natural gas rebates went down, and heat
pumps went up in terms of how much Mass Save is giving. The heat pump
manufacturers really made a push. They said they were getting this boost from Mass Save
so let’'s make things more competitive, so there [was] more [equipment] in the market,
even at Home Depot. People are more accustomed to ductless mini-splits. This same
distributor also noted And because people want cooling.

o Definitely the rebates for sure. The more money you are offering the better. [There
were] no issues with inventory. People had extra money coming out of the pandemic and
were looking to do home improvement projects.
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Installers. When asked what drove the growth in their installations of air source heat pump
systems and heat pump water heaters, installers most frequently cited the Mass Save rebates for
air source heat pumps (11) and for heat pump water heaters (five).

Table 54: Reasons for Growth in Air Source Heat Pump Installations (Installers)’
(Why did the number of ducted/ductless air source heat pumps your company installed increase from
2021 to 20227?)

Ducted ASHP Ductless ASHP
n=19 n=20
Mass Save rebates 9 11
Customers are being more conscious about the 2 1
environment and climate change
Good options for homes without ducts 0
Working with local community organizations (e.g., WCAC, 1
SMOC, VOC)
Company is expanding/growing 1
Heat pumps are popular 1
Education on the benefits of energy efficiency 0
Interest in efficiency in new construction market 1
1
4

=N

Don’t know
No response
" Responses are unweighted.

AR a0 ~20 -~

Table 55: Reasons for Growth in Heat Pump Water Heater Installations
(Installers)’
(Why did the number of heat pump water heaters your company installed increase from 2021 to 20227)

Respondents (n=13)

Mass Save rebates
Education on the benefits of energy efficiency
Heat pump water heater units are becoming more available
Customers inquire about heat pump water heaters
Working with local community organizations (e.g., WCAC, SMOC, VOC)
Company is expanding/growing
No response
"Responses are unweighted.

B aaaapNh;m

Manufacturers. Two of five manufacturers attributed growth in Massachusetts residential ASHP
sales, and higher sales in Massachusetts than in Ohio, to the presence of rebates in
Massachusetts. The other manufacturers attributed Massachusetts residential ASHP sales
growth to customer interest in cooling, customer desires to be more environmentally friendly,
increased consumer awareness of heat pumps, and a large distributor taking on their line (one
respondent each).

Rebates were the reason for the increase.

The number one reason is because of rebates and number two reason is consumer
awareness.

[A very large Northeastern distributor] took on our line, which increased sales.
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There are also folks interested in getting cooling in their home and ductless ASHPs are
the easiest way to do that.

Some customers have a desire to be more environmentally friendly.

The two manufacturers that provided responses for Ohio indicated that Ohio’s smaller growth in
residential heat pump sales relative to Massachusetts were the result of Ohio having no incentive
program with one saying, “there are no rebates [in Ohio].”

While heat pump water heaters are a small portion of the residential water heating market,
manufacturers noted that their sales started taking off in Massachusetts when Mass Save rebates
increased in 2022. While one of the four respondents did not make a HPWH for direct hot water
use, the respondents from the three other companies all said the rebates increased their HPWH
sales in Massachusetts, with one estimating a 70% increase in HPWH sales from 2021 to 2022.
Respondents added:

[Residential] HPWHSs were stable from 2021 to 2022 so 0% change there, but we expect
big things in 2023 because we will have a full year of the rebate. Last year was an
introduction year. It takes time to sign up installers and what not. Pre-rebates, it was
stagnant, so it really is the rebates that made a difference.

The rebate didn’t go up until last year. It used to be considerably lower. | would have to
believe when the rebate went up, our sales instantly went up.

Of the three major water heater manufacturers interviewed, all indicated they are little to no sales
of HPWHSs in Ohio due to the lack of rebates for them in the state. One said:

To be blunt, I've been telling every utility, “if you want my attention for HPWHSs you have to
give me an instant rebate.” Therefore, | am not spending time in Ohio trying to sell HPWHs
where they don’t have a program.

8.6.1.2 Changes in Indicators of Residential Market Effects from 2021 to 2022

The direction of changes in indicators of the 13 residential market effects outcomes with
data for both 2021 and 2022 provides support for attribution from the program of these
outcomes in the residential space conditioning and water heating markets to date.

If the direction of changes in indicator values between 2021 and 2022 are generally in keeping
with what would be expected per the program theory, it can serve as early evidence that the
changes in the market are due at least in part to the PAs’ support for heat pumps.

In this section, we have already reported trends for six of the 13 expected outcomes in the
residential market for which we have both 2021 and 2022 values. Table 56 lists these six
outcomes with the indicators measured for each and the direction of change in each indicator.
Table 57 shows the seven residential market outcomes for which we have values for both 2021
and 2022 that we have not yet reported this section. We would expect the indicators for these
particular outcomes to increase per the program theory. Together, Table 56 and Table 57 show
that the value of at least one of the indicators for each of the six outcomes we previously discussed
in this section, and for the seven outcomes not discussed, increased from 2021 to 2022. None of
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the indicators decreased. The results provide support for attribution from the residential programs
of all of the expected outcomes measured to date.

For detailed results for and information on how each market effects indicator was measured, see
5 Market Effects Indicators.

Table 56: Direction of Change in Residential Market Effects Indicators from 2021
to 2022: Indicators Discussed in this Section

Outcome Indicator Direction of
Change
C C2. Rates of attendance at
Increased availability of HP manufacturer-offered trainings '
training/certification
D D1. Number of program-trained
Increased number of contractors installers by heat pump type f
trained on heat pumps and importance
of weatherization
| I1. Number of distributors indicating a
Shifts in distributor inventory and change in stocking and/or inventory f
stocking practices practices to accommodate heat pumps
J J1. Number of heat pump
Increased supply chain resources manufacturers indicating an increase in f
devoted to MA heat pump market trainings
0] O1. Percentage of contractors who
New heat pump market entrants started installing HPs in 2022 or later t ‘
Q Q1. Proportion of customers indicating No change
Increased customer preference for preference for heat pumps over non-HP
ASHP/GSHP/HPWH over non-HP heating and cooling equipment/water
heating and cooling or water heating heating equipment
equipment

Table 57: Direction of Change in Residential Market Effects Indicators from 2021
to 2022: Indicators Not Discussed in this Section

Outcome Indicator Direction of
Change
A1. Percentage aware of heat pumps that learned No change
about heat pump by type through channels
A associated directly with Mass Save

Increased customer
awareness and

understanding of A2 (G1). Percenta ;
. ge with ASHP/GSHP who
ASHP/GSHPs/HPs and indicated that contractors advised them on

weatherization, and : o . . .
; importance of weatherization prior to installation
associated benefits of both P P

and cool; percentage of customer aware of heat
pumps for water heating

A3. Percentage aware of heat pumps that both heat l
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Outcome

B
Customers are satisfied
with heat pumps/Customers
entering heating or water
heating market hear
positive reviews from
customers with HPs
G
Contractors educate
customers on
weatherization as needed
and install HPs correctly
H
High contractor confidence
in ability of HPs to meet all
customer
heating/cooling/water
heating needs

L
Increased customer
demand for heat pumps
and concurrent
weatherization measures

M
Contractors increasingly
recommend HPs for
heating/water heating

S
High customer reliance on
AS/GS HP for both heating
and cooling

MA22X06-B-HPMEIB & MA23X18-B-INTERIMHP JOINT FINAL REPORT

Indicator

B2. Net Promoter Score (NPS)

Indicator G1 (A2). Percentage of customers
indicating that ASHP/GSHP contractors advised
them on importance of weatherization prior to
installation

H2 (S5). Change in rate of full versus partial
displacement

L1. Percentage of customers indicating they
weatherized their home in anticipation of or along
with heat pump installation

L2. Percentage of customers indicating they
weatherized their home in anticipation of or along
with heat pump installation, after interacting with

heating comparison calculator or consultations with
installers
M2. Rate of participant customers reporting that
contractor recommended ASHPs/GSHPs for
heating or HPWH for water heating

S1. Proportion of heat pump customers indicating a
high level of reliance on heat pumps for heating

S3. Proportion of heat pump customers indicating a
high reliance for both heating and cooling

Direction of
Change

> » » »

No change

» »

No change

8.6.2 2022 Residential Free-ridership, Participant Spillover, and NTG

The NTG ratios for the two types of air source heat pumps, ducted and ductless, were very
similar to each at 80% and 81%, respectively. The 2022 ground source heat pump NTG was
74%. This was followed by heat pump water heaters at 64%.

A comparison of questions fielded to both 2021 and 2022 participants about influences on
their decision-making and the likelihood that without the program they would have
installed any type of space conditioning or water heating when they did suggests that
compared to 2021, in 2022 the program was more successful at encouraging early
adoption of ductless air source heat pumps by accelerating the timing of when equipment
was purchased. In addition, in 2022 significantly higher percentages of the ductless heat
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pump systems replaced existing heating systems than in 2021, and significantly lower
percentages were installed to add heating or to use only for cooling.

In 2022, the program appears to have had significantly more influence on participants’
decisions to install a heat pump for space conditioning or water heating than in 2021. All
tests of statistical significance are at the 90% confidence level.

As part of the survey of customers who installed space conditioning or water heating equipment
through the Residential Coordinated Delivery and Residential Retail sub-offerings of the
Residential Existing Buildings Initiative in 2022, the Team fielded questions to measure 2022
savings-based NTG ratios for heat pumps. The purpose of measuring NTG was to set a floor
for market effects, not to apply as conventional NTG ratios.

The survey of 2022 residential customers who participated in the Residential Coordinated
Delivery and Residential Retail sub-offerings of the Residential Existing Buildings Initiative in 2022
included a series of questions to measure NTG following the self-reported NTG approach laid out
in the study Consistent Methodology for Self-Reported Residential Net-to-Gross Measurement
(MA19X03-B-RSRNTG).*° To this end we adapted the NTG questions previously fielded in the
Massachusetts Residential Programs Net-to-Gross Research of RCD and Select Products
Measures (MA20R28-B-NTGRCDP) study, *® which followed the self-reported approach to
develop prospective heat pump NTG ratios for 2022 — 2024.

Below we present free-ridership, participant spillover, and NTG by type of heat pump (Table 58)
and by presence of pre-existing cooling (Table 59). The study did not ask NTG questions of
installers. To adjust for installer free-ridership for residential participants who indicated their
installer selected the heat pump, we multiplied the 2022 customer free-ridership score we
collected by the ratio of the overall free-ridership score from MA20R28-B-NTGRCDP to the
customer participant free-ridership score to get the overall free-ridership score for 2022
participants. The tables do not include non-participant spillover because we could not obtain data
from Massachusetts non-participating installers who reported installing heat pumps without
incentives. Given the comparatively large size of the heat pump rebates offered to residential
customers beginning in 2022, and the time it takes for substantial market effects to emerge from
the "noise” of other market factors, we expected any measurable changes so early in the market
to be in-program.

Table 58 shows that the 2022 NTG ratios for ducted and ductless air source heat pumps were
very similar, at 80% and 81% respectively. The 2022 ground source heat pump NTG was 74%.
This was followed by heat pump water heaters at 64%.

49 NMR Group and Tetra Tech. 2020. Consistent Methodology for Self-Reported Residential Net-to-Gross
Measurement. Study number MA19X03-B-RSRNTG. Prepared for the Massachusetts Electric & Gas Energy
Efficiency Program Administrators. https://ma-eeac.org/wp-content/uploads/MA19X03-B-RSRNTG_Residential-SR-
NTG-Report_FINAL_2020.5.28.pdf

50 Guidehouse. 2021. Massachusetts Residential Programs Net-to-Gross Research of RCD and Select Products
Measures. Study number MA20R28-B-NTGRCDP. Prepared for the Massachusetts Electric & Gas Energy Efficiency
Program Administrators. https://ma-eeac.org/wp-content/uploads/MA20R28-B-NTGRCDP_Final-
Report_080ct2021.pdf
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Table 58: FR, PSO, and NTG from 2022 Participants by Equipment Type

Equipment Type # of Free-ridership  Participant NTG
Respondents Spillover

Ducted Air Source Heat Pump 83 0.20 0.00 0.80

systems

Ductless Air Source Heat Pump 364 0.26 0.07 0.81

systems

Ground Source or Geothermal 2 0.26 0.00 0.74

Heat Pump systems

Heat Pump Water Heaters 16 0.36 0.00 0.64

Table 59: FR & PSO from 2022 Participants by Equipment Type & Pre-existing

Cooling
Equipment Type # of Free- Participant NTG
Respondents ridership Spillover

Ducted Air Source Heat Pump 83 0.20 0.00 0.80
systems

To cool a space that did not have 19 0.26 0.00 0.74

cooling

To replace an existing cooling 64 0.18 0.00 0.82

system or room AC or to add more
cooling to space that already had it

Ductless Air Source Heat Pump 364 0.26 0.07 0.81
systems
To cool a space that did not have 218 0.26 0.05 0.79
cooling
To replace an existing cooling 142 0.28 0.16 0.88

system or room AC or to add more
cooling to space that already had it

To understand how free-ridership and participant spillover might differ between residential
customers who participated in 2021 and those who participated in 2022, after the change in
program design, the Team asked both sets of participants to assess influences on their decision-
making and the likelihood they would have installed any type of space conditioning or water
heating without the program at the time they did. Figure 40 shows that 2022 participants who
installed a program-supported heat pump water heater rated the information about the program
as significantly more influential on their than decision-making than 2021 participants.
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Figure 40: Influence on Decision to Install Equipment — All Space Conditioning
Heat Pumps'
(On a scale of 0 to 10 where 0 is ‘not at all influential’ and 10 is ‘very influential,” how influential were
these attributes on your decision to install the high-efficiency equipment?)

(8,9, and 10 responses; 2021 n = 518, 2022 n = 449)
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' Differences in values within each category that are statistically significant at the 90% confidence level are indicated
by *.
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Figure 41: Influence on Decision to Install Equipment — Heat Pump Water Heaters'

(On a scale of 0 to 10 where 0 is ‘not at all influential’ and 10 is ‘very influential,” how influential were
these attributes on your decision to install the high-efficiency equipment?)

(8,9, and 10 responses; 2021 n = 41, 2022 n =16)
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' Differences in values within each category that are statistically significant at the 90% confidence level are indicated
by *.

Figure 42 shows that, compared to 2021 participants, 2022 participants who installed ductless air
source heat pump systems less frequently said that without “the rebate from the Sponsors of
Mass Save, recommendation from your contractor, or assistance from your program
administrator,” they would still have installed a space conditioning system when they did. This
difference is statistically significant. It suggests that the program is encouraging early adoption of
heat pumps by accelerating the timing of when equipment purchases are made.

Figure 43 shows that more ductless heat pumps replaced existing heating systems in 2022 than
in 2021. The percentage of participants who indicated they installed the ductless heat pump to
replace an existing system increased from 33% (45% full and 50% partial displacement) in 2021
to 42% (47% full and 46% partial displacement) in 2022. At the same time, the percentages that
indicated they installed the ductless heat pump system for the following reasons dropped: to heat
a space that did not have heating (from 16% to 8%); to add more heating to a space that already
had it (from 35% to 26%); and to use for cooling (from 11% to 5%).
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Figure 42: Likelihood of Installing Equipment at the Same Time Without Mass
Save Rebate’

(Without the rebate from the Sponsors of Mass Save, recommendation from your contractor, or
assistance from your program administrator, how likely is it that you would have installed any type of
water heating/heating and/or cooling system at the same time?)

(Somewhat likely and very likely responses)

2021 (n=100) 65%

Central heat
pumps

2022 (n=83) 53%

2021 (n=425) 61%"

2022 (n=364) 48%*

Ductless
heat pumps

2021 (n=1) 40%

Ground-
source heat
pumps

2022 (n=2) 44%

2021 (n=117) 66%

water
heaters

2022 (n=16) 75%

Heat pump

' Difference in values for ductless heat pumps is statistically significant at the 90% confidence level, as indicated by *.

Figure 43: Main Intended Heating Purpose of Installed ASHP by Program
Participation Year’
(What was the main intended heating purpose of the new heat pump you installed?)

(Base: Respondents who report using the new heat pump for space heating)

2021 (n=394) 16%** 32%** 35%** spi 11%** |

pumps

Ductless heat Central heat

[72]
o
g
2 2022 (n=350) LA 47%** 29%** 6%"
B To heat a space that did not have heating u To replace an existing heating system
To add more heating to space that already had it  ®For more efficient heating
u To supplement existing heating system mNew home
Installed for cooling reasons u Don’t know

' Difference in values for ductless heat pumps is statistically significant at the 90% confidence level, as indicated by *.
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8.7 2022 COMMERCIAL & INDUSTRIAL ATTRIBUTION

8.7.1 Reasons for Changes in Air Source Heat Pump Sales and Installations

All four distributors who offered reasons for the increases in their sales of commercial-
duty cold-climate air source heat pump systems from 2021 to 2022 cited the increases in
rebates in 2022. Six of the seven installers who offered reasons for the increase in their
installations of cold-climate heat pumps in commercial buildings cited the new programs
or the rebates.

Seven out of nine interviewed installers of commercial water heating equipment indicated
that their companies started selling heat pump water heaters in 2022 or 2023, after the
program changes went into effect.

Manufacturers. Both manufacturers that could speak to their companies’ sales in Massachusetts
and Ohio indicated that their heat pump sales had grown more in Massachusetts than in Ohio
from 2021 to 2022 due to Massachusetts having programs that support heat pumps. One of the
respondents quantified the difference saying their heat pump sales grew 10% in Ohio from 2021
to 2022 and grew 25% in Massachusetts over that same period.

Distributors. Four distributors offered reasons for the increases in their sales of commercial-duty
cold-climate air source heat pump systems. All cited the increases in rebates in 2022. One also
noted pent-up demand from commercial projects put on hold in 2020.

Installers. Of the ten installers who said their commercial heat pumps sales increase from 2021
to 2022, six specifically cited the program incentives. Two more said their heat pump sales stayed
the same from 2021 to 2022 but increased in 2023.Respondents provided the following
explanations for increases in cold-climate heat pump sales from 2021 to 2022:

e “Heat pump sales increased because of the new programs.”

e “Certainly rebates are a driver. Interest in energy efficiency is also a driver. Those are the
two biggest ones. Consumers are more aware of the true capabilities of ASHPs.”

e “Thereason for the increase in cold-climate systems is the rebate and [program financing]
requirements for cold-climate systems.”

8.7.2 Reasons for Changes in Heat Pump Water Heater Sales and Installations

Distributors. Despite the introduction of upstream support and increases in rebates for
commercial-duty heat pump water heaters in 2022, participating distributors that sold equipment
in both 2021 and 2022 reported no change in commercial heat pump water heater capacity sales.
The change in unit sales was negligible.

Installers. Seven out of nine interviewed C&l installers who sold water heating equipment
indicated that their companies started selling heat pump water heaters in either 2022 or 2023.
This corresponds to the movement of heat pump water heater rebates midstream/upstream in
2022. The two installers who did install heat pump water heaters in commercial setting in 2021
indicated that they were all residential-duty 80-gallon systems.
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8.7.3 Changes in Indicators of C&l Market Effects from 2021 to 2022

The direction of changes in indicators of the five commercial market effects outcomes with
data for both 2021 and 2022 provides support for attribution from the program of these
outcomes in the commercial space conditioning and water heating markets to date.

The Baseline study measured 2021 baseline values for various indicators in commercial and
industrial space conditioning and water heating markets, as per the program theory. However,
due to the absence of a survey of 2022 commercial customers in the Interim study, information
about changes from 2021 to 2022 is available for only five of the outcome indicators.

As we note in 8.6.1.2 above, if the direction of changes in indicator values between 2021 and
2022 are generally in keeping with what would be expected per the program theory, it can serve
as early evidence that the changes in the market are due at least in part to the PAs’ support for
heat pumps. Table 60 summarizes the direction of change in the indicators of these five outcomes
from 2021 to 2022. Per theory-based evaluation, if the markets for commercial heat pumps
change per the program theory, we would expect to see increases in these indicator values since
2021. The table shows increases from 2021 to 2022 in four of the five indicators and evidence of
a possible upward trend in the fifth, providing support for attribution from the C&l programs of
these outcomes in the market.

Table 60: Changes in C&l Market Effects Indicators from 2021 to 2022
Direction of

Outcome

D
Increased number of
contractors trained on
ASHPs, VRFs, GSHPs &
weatherization

|
Shifts in distributor
inventory and stocking
practices

J
Increased supply chain
resources devoted to MA
heat pump market

o
New heat pump market
entrants
Q
Increased customer
preference for heat
pumps over non-heat
pump equipment

Indicator

D1. Number and percentage of C&l contractors (out
of all C&l contractors in the participant & non-
participant sample frames) trained on ASHPs, VRFs,
GSHPs, WSHPs, HPWHSs and/or weatherization for
C&l purposes for the first time
I1. Number and percentage of distributors (out of
those that received program stipend for sales data)
indicating a change in stocking and/or inventory
practices to accommodate ASHPs, VRFs, GSHPs,
WSHPs and HPWHs for C&l applications

J1. Number and percentage of ASHP, VRF, GSHP, &
WSHP manufacturers (out of those interacting with
the PA staff/implementers) indicating an increase in

trainings and certifications for C&l purposes (For
HPWH, indicating an increase in training only)

O1. Number and percentage of C&l contractors who
started installing heat pumps in 2022 or later

Q1. Percentage of program-incentive-eligible sales
out of total sales by technology type
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8.8 MARKET ACTORS’ EXPECTATIONS OF IRA

Manufacturers said their expectations for the IRA were driven by states like Massachusetts
having a built-up and active heat pump work force that can better take advantage of and
promote the IRA. They also credited the ability to stack incentives. One manufacturer
caveated that the increased impact in Massachusetts would depend on the equipment
requirements aligning between the IRA and local programs.

While it is still not clear how the Inflation Reduction Act (IRA) will be implemented in
Massachusetts and most other states, we asked distributors and manufacturers how they
expected the IRA to affect their businesses in 2023 and going forward. We summarize them here.
In Appendix H we provide a detailed history of the IRA to date.

Distributors. At the time of the interviews, three distributors expected the IRA to affect the
residential equipment they stock in 2023 and one to affect the commercial stock. These
distributors expected to either carry more stock that qualifies for the IRA, or to carry more high-
efficiency stock. One distributor opined that the IRA’s income eligibility requirements would limit
its impact in affluent Massachusetts.

Manufacturers. When the Evaluation Team interviewed manufacturers in February and March
2023, nearly all the respondents were familiar with the IRA. They were still trying to assess which
of their products would qualify for IRA tax credits, and very little information was available about
how the IRA incentives would be implemented in each state. Space conditioning heat pump
respondents who were familiar with the IRA had mixed expectations of the likely impact of the
IRA on sales of heat pumps for space conditioning. The three water heating equipment
respondents who were familiar with the IRA all thought the IRA would significantly increase
residential HPWH sales but were divided on the impact of commercial HPWHs given the newness
of commercial HPWH products.

All respondents said the impacts of the IRA would be bigger in Massachusetts where business
models already exist to promote the tax credits and where incentives can be stacked with PA
rebates, than in Ohio where the workforce still has to be developed and there is no program.
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