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Abstract

Both the Sponsors of Mass Save® and the Sponsors of Energize Connecticut™ (Energize CT)
initiatives have continued efforts to encourage homeowners to meet more or all of their home
heating needs with heat pumps. Some of these efforts are structured to support customers that
have pre-existing fossil fuel-intensive heating fuels, such as furnaces or boilers that heat with
natural gas, fuel oil, or propane as well as electric resistance heating. The Sponsars of Mass
Save and the Sponsors of Energize CT have introduced fuel displacement rebates/incentives to
encourage the adoption of heat pumps for customers with these pre-existing heating types.
These initiatives are aligned with Massachusetts and Connecticut statewide goals for home
heating electrification and greenhouse gas emissions reductions.

The Massachusetts Program Administrators (PAs) and the Connecticut Evaluation Administrator
(EA) team commissioned this Heat Pump Metering Study to learn about current usage patterns
for heat pumps and other heating equipment, electric peak demands for heat pumps, the
performance and efficiency of heat pumps, and the ability of heat pumps to meet customers’ full
heating neads down to low outdoor air conditions. The study also assessed customers' overall
experience with heat pumps and feedback on their use. Finally, the study quantified the impacts
or savings associated with heat pump installation to update in the Massachusetis Technical
Reference Manual (TRM) and the Connecticut Program Savings Document (PSD). Within the
report, the team offers multiple scenarios of impact results based on anticipated program
changes.

The study conducted research through several modes to address the research questions, For
the first mode, heat pump usage data was collected at a total of 185 customer homes across
Massachusetts and Connecticut and included metering of central heat pumps (CHPs), mini-split
heat pumps (MSHPs), and ground source heat pumps (GSHPs), for both full displacement (FD)
and partial displacement (PD) applications'. Additional metering to inform performance and
efficiency calculations was conducted at a subset of 106 sites. The second mode of data
collection included multiple customer surveys (1,399 total survey respondents) and a customer
interview effort (13 responses).

The study found that heat pump installations in 2021 and 2022 for FD displaced a large majority
of the pre-existing heating delivered by electric resistance and fossil fuel-fired heating sources
(approximately 85-890% for CHPs and MSHPs) and more than half of the heating load for PD
installations. The majority of customers were satisfied with their heat pump and the ability of
their heat pump to keep them comfortable—although a small percentage of study participants
reported comfort issues with their heat pumps, concerns about heating costs with heat pumps,
and installation or maintenance issues.

' See Section 2.3 for sample sizes included in the metering portion of this study,
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The study provided the following considerations:

Establish and enhance program requirements to more clearly identify criteria for FD and
PD installations.

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

Consider adjustments to program requirements for integrated controls, especially for
MSHPs.

Provide customers with additional education on how installing a heat pump will impact
their electricity bill and overall heating costs.

Conduct a heat pump technical assessment periodically (e.g., every couple of years) to
inform program requirements.

Update deemed savings estimates and parameters in the Massachusetts TRM and the
Connecticut PSD.
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Executive Summary

Study Goals and Background

This report, developed for the Massachusetts Program Administrators (PAs) and the
Connecticut Evaluation Administrator (EA) team, summarizes the usage, peak demand, and
performance of heat pumps rebated through the heat pump fuel displacement program
offerings, and the measure impacts resulting from heat pump installation to either fully or
partially displace pre-existing fuel-fired or electric resistance heating equipment. It also
assesses customer experience with the installed heat pumps and the ability of the heat pumps
to keep customers comfortable. This evaluation was performed by Guidehouse, with field data
collection conducted by Ridgeline Energy Analytics.

The primary goals of this study were to:

o Perform field monitoring to assess the actual heating and cooling performance and
usage of the latest generation of residential heat pumps being supported by the
programs.

= Understand the heating loads met by the heat pump and the customer’s use of backup
and auxiliary heating systems. For the purposes of this study, auxiliary heat is defined as
an integrated electric resistance heating in the heat pump system. The auxiliary heat
operates when compressor can no longer deliver heat. It is typically found in the air
handlers of central and ground source heat pump installations. Backup refers to
separate conditioning systems independent from the heat pump (boiler, furnace, wood
stove, baseboard heating, space heater, window AC unit).

+ Lnderstand customer experience with their heat pumps, including overall satisfaction
with heat pumps and their ability to meet the heating needs of the home at low
temperatures, cost considerations, and any maintenance issues.

» Quantify the gross measure impacts for heat pump installation and inform savings
parameter estimates for the Massachusetts Technical Reference Manual and the
Connecticut Program Savings document. Quantify impacts for Full Displacement (FD)
and Partial Displacement (PD}) installations.

Page 1
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Study Methodology

The study included two primary modes of data collection. For the first mode, heat pump usage
and performance data were collected at a total of 185 customer homes across Massachusetts
and Connecticut and included metering of central heat pumps (CHPs), mini-split heat pumps
(MSHPs), and ground source heat pumps (GSHPs), for both full and partial displacement
applications®. Wave 1 installations at 50 sites occurred in fall 2022 (Massachusetts), and the
remaining installations at 135 sites occurred in spring and early summer 2023 (Massachusetts
and Connecticut). The metered period extended through winter 2024. All sites included heat
pump and auxiliary/backup system electric usage data collection, and a subset of 106 sites
included additional data collection te calculate the in-situ performance and efficiency of the
installed heat pump(s).”

The second mode of data collection included multiple customer surveys and a customer
interview effort. The primary survey was fielded to 5,858 heat pump program participants (1,263
total survey respondents). A fast feedback interview effort in February 2023 yielded 13
responses, and an end-of-season survey yielded 136 responses during February 2024,
collected from the onsite metered sample.

Key Findings

Below are key findings that emerged from the various activities, aligned with the study’'s
research topics and questions.

Heat Pump Usage and Peak Demand

The heat pump programs offer rebates to customers to either fully displace (FD) or partially
displace (PD) their pre-existing heating systems, though structured differently in Massachusetts
versus Connecticut. At the time of installation for the sites participating in study (2021/2022
participants), Massachusells offered two different pathways of incentives for customers based
on their displacement level. Customers opling for FD were nol required to remove their pre-
existing equipment if the equipment was disconnected and/or only used in emergencies,
However, in Connecticut, the rebates were offered through a singular pathway regardless of the
level of displacement. Rebates were offered on a per ton basis and customers were required to
install an integrated control if their pre-existing system was not removed and it became a
backup system. The study sought to understand the prevalence and use of backup and auxiliary
heating systems in customer homes that were categorized as either FD or PD, along with the
fraction of the home's heating load that was met by backup4 and auxiliary5 heating systems.

* See Section 2.3 for detailed sample sizes included in the metering portion of this study,

* The participants in this study had their heat pumps installed in 2021 or 2022 (majority of installations were in 2022).
Buring this time period, the Mass Save and Energlze CT heat pump Tull displacerment offerings did not fully require
the paricipant to remove or disconnect backup heating sources, rather, the systems were allowed lo stay in as
emergency backup heat. This report provides measure impact results for two scenarios — 1) scenario using the full
metered sample from the 2021 and 2022 installations, and 2) scenario that summarizes usage and measure impacts
for Full Displacement sites that removed or disconnected their backup healing sysiem(s).

* Backup heating systems include boilers or furnaces (oll, propane, natural gas fuels), wood or pellet stoves, or
slactric baseboard heatars, Integrated auxiliary electric heating coils are often installad in the air handling unit for
ducted HVAC distribution systems to serve as emergancy heat.

3 Auxiliary heating is defined as Inlegrated electric resistance healing in the heal pump syslem. Il operates when
compressor can no longer deliver heat. Auxiliary heating is typically found in the air handiers of central and ground
source heat pump installations,
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Table ES-1 summarizes the proportion of the heating load met by system type across the entire
heating season. For the FD sites, the heating load proportion met by the heat pump ranged from
86%-99% based on heat pump type, while for PD sites it ranged from 65%-79%.

Table ES-1. Proportion of Heating Season Load Met by System Type

Proportion of

Proportion of Heating Load Met -

Heating Load Meat

Proportion of Heating
Load Meat - Backup

Displacement

Heat Pump Type

Type — Heat Pump Au.xliha}:z:ilectrh:. Heating Systems
Central HP FD 86% L 10%:
Central HP FD Ga% 0% 34%
Mini-Split HP FD 919 0% 9%
Mini-Split HP PD Ta% 0% 21%
Ground Source HP FD 994% 0% 1%

Based on full metered sample and program data designation of displacement lype
Source; Evaluation feam analysis

Full Displacement Usage

¢ |n Massachusetts, the heat pump programs intend for installations of heat pumps as FD
to fully replace the home's pre-existing fossil-fuel heating systems. The disconnection or
removal of the backup fossil-fuel heating systems was not a strict program requirement
in 2021 and 2022 (program years that served as a source for survey responses and
onsite data collection in this study). However, the requirement now exists for the
programs offered by the sponsors of Mass Save in 2024, As noted above, the heat
pump program offered by the sponsors of Energize CT does not have a specific offer
based on displacement amount, but it does require the installation of an integrated
control if a backup heating system remains installed and connected. The programs do
not have any restrictions on the use of auxiliary electric resistance heating or backup
heating using wood or pellets.

s Heat pumps met a large majority of the heating load in FD applications despite the
prevalence of backup and auxiliary heating sources.” Based on analysis of metered
data, this study found that, on average, about 85-90% of the home's heating load was
met by the heal pump in FD installations for both CHPs and MSHPs. Amaong this same
group, backup heating sources mel about 10% of load, while auxiliary heat mel a few
percent of the load for CHP FD installations. GSHPs met nearly the entire heating load
(99%), with backup heating sources accounting for the remaining 1%.

% Ta determine the proportion of the heating load met by the heat pumps and backup heating systems, the modeled
healing performance data was used 1o develop models of the home heating load. There may have been other un-
meterad haating sounces installed at homes, outside of backup heating systems or auxiliary heating, or a drop in
home temperatures that was not accounted for in the load calculations. See Saction 2.5.8 for additicnal details,
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While the heat pumps met most of the load in FD installations, the majority of homes,
with the exception of those with ground source heat pumps, needed auxiliary or backup
heat during the coldest periods. Of the 50% of customers with backup heat, about 60%
of them report using systems to heat during the milder winter periods, and 75% during
the coldest periods, Customers report using backup heat for many reasons. Some
custormners report that they prefer to use wood heat to meet portions of the heating load.
Some customers have concerns with electric costs with heating with their heat pumps.
Some customers in the study expressed concern that their heat pump was unable to
keep them comfortable down to low outdoor air temperatures (a few reporting that they
wish they had installed heat pumps better designed for cold temperatures). One
customer specifically reported re-connecting their backup heating system.”

Partial Displacement Usage

In PD applications, the programs intend for the heat pump to serve the majority of the
heating load of the home, with the backup heating systems meeting load at lower
outdoor air temperatures when the heat pump systems are less efficient, or for when
heating with backup heating systems and fuels is cheaper than operating the heat
pump.®

From survey responses, about 80% percent of customers with PD installations cite that
they have additional heating sources in their home, and for those with backup heat,
about 80% report using the backup heating systems over the winter period. Some PD
customers indicate backup heat usage in parts of the home that their heat pumpi(s) do
not serve.

For PD installations, analysis of metered data suggests that the heat pump meets about
65% of the homes heating load over the winter for sites with CHPs, and 79% with
MSHPs, while backup heating systems meet the remaining load. This could be due to
differing use of integrated controls and switchover temperatures across these system
types.

According to survey responses, PD customers were motivated to use backup heat
because they were concerned about the costs of heating with their heat pump, their
integrated controller was set to automatically switch over, or their backup heat serves
parts of their home that their heat pump does not.

The study found a wide variability in heat pump usage between sites, even when
normalizing usage per ton of installed heat pump cooling capacity.® The study found that
about 10% of PD installations rarely used their heat pumps for heating (less than ~100
kWh per ton of installed capacity).

" For additional information on cuslomer experience, see Section 5.

2 In Massachusetts, PD sites include customers who either fully displaced part of their home (i.e., one zone) or partial
displacement of their full home.

" Mass Save and Energize CT provide incentives and also track program participation on the basis of installed rated
cooling capacity,
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 For PD installations, most customers indicate that an IC was installed by their contractor,
however, most also report not knowing their IC switchover temperature. After two to
three heating seasons of operation, about half of all customers with PD installations
report still using their IC to auto-switch system operation, and review of onsite metered
data showed about 70% of PD sites with CHPs and 20% of PD sites with MSHPs had a
consistent switchover temperature throughout the metered period. Switchover
temperatures ranged between 15-40°F (average 25°F) for those with oil backup heat,
and 2040°F (average 30°F) for those with natural gas backup heat for those that used
them. Customers that do not use a swiichover report manual operation of their systems
or using the droop method on their thermostats. '

Use of Auxiliary Heating

« About 33% of CHP installations and 82% of GSHP installations had auxiliary heating
installed. About 75% of CHP installations with auxiliary heat installed used their auxiliary
heat over the metered period, while only 1 out of 18 GSHP sites with auxiliary heat
installed used their auxiliary heat.

Peak Demand

= Average peak demand was significantly higher for CHP FD sites relative to MSHP or
GSHP due to the additional usage of integrated auxiliary electric heat for CHP
installations. Typical year maximum (non-coincident) peak demand was 1.9 kW/ton for
CHP FD, 1.0 kW/ton for MSHP FD, and 0.8 kW/ton for GSHP FD.

s« Peak demand of auxiliary electric heat in CHPs is also higher on the coldest days. For
CHP FD sites that removed or disconnected backup heating sources, metered peak
demand on the coldest day of 2023 (February 4", with outdoor air temperatures down to
-10%F) was B kW, roughly 3 times as high as the peak demand for the same sites on the
coldest day during 2024 (January 20", with outdoor air temperatures down to 12°F).

Overall Heat Pump Performance

The sludy also sought to understand the in-situ efficiency of heat pumps, including efficiency of
heat pumps across outdoor air temperatures.,

Average Compressor-On COPs

e \While the heat pumps are in heating mode during compressor-on operation,'” average
COPs far CHP and MSHP equipment were between 2.0 and 3.0 across the outdoor air
temperature range, and for GSHP equipment, consistently slightly above 3.0. During
cooling season, average compressor-on COPs were between 3.5 and 6.0 for CHP and
MSHP equipment across the outdoor air temperature range, and 4.0 for GSHP
equipment. Figure ES-1 shows the average COPs as a function of outdoor air

! Droop control utilizes different temperature setpoints on two or more thermostats. Typically, the thermostat
controlling the heat pump(s) is sel to a higher temperature (2.q., 67°F) than the thermostal controlling the backup
heating system (e.g., 62°F), The backup heating system will furn on if the indoor air temperature drops down 1o 62oF
in this example.

" Campressor-on operation does not include periods of lime where the unit Is In defrost mode, when the unit is
aperaling in fan-only mode, or the unit is 'off . Seasonal efficiencies for CHPs and M53HPs include all of these
operating modes, which has a negative impact on the efficiency value, GSHPs do not nead a defrost mode, so their
seasonal efficiencies are impacted less,
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temperature for periods in which the unit was operating in heating or cooling modes.
COPs varied as a function of outdoor air temperature for CHP and MSHP equipment;
GSHPs as expected had a consistent COP across the heating season because the
temperature of the groundwater is more stable across the season, and also likely due to
the fact that GSHP equipment do not require defrost cycles.

» For sites with heat pumps operating in compressor-on mode below 5°F, average central
and mini-split heat pump system level COP varied between 1.6 and 2.3, with an average
around 2.0."?

Figure ES-1. Heat Pump COP vs. Outdoor Air Temperature
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Y Twanty sites, 15 MSHP and 5 CHP, had meters transmitting data during the two-day cold spell in February 2023,
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Seasonal Performance Metrics

s The study also sought to understand the seasonal efficiency of heat pump systems
across all heat pump modes, and accounting for the total energy produced (delivered by
the systems) and consumed by the heat pumps over the season.

= For CHPs, the in-site HSPF was generally lower than the manufacturer rated HSPF, but
equal to or higher than the HSPF2. For MSHPs, the in-site HSPF was lower than both
rated HSPF and HSPF2 ratings. GSHP in-site HSPF was higher than both CHP and
MSHP equipment, however, SEER was lower. Across heat pump types and
displacement designations, the modeled seasonal energy efficiency ratio (SEER) in
cooling season was lower than both the SEER and SEERZ rated values. For additional
details see Section 3.5.

Customer Experience with Heat Pumps

The study also sought io understand customer experience with their heat pumps. Overall, 85%
of surveyed customers said they would install a heat pump again if they were to go back in time.

Cost of Operation

+ Most customers were satisfied with the cost of operating their heat pump, although 29%
of respondents claimed that higher energy costs impacted how they ran their heat
pumps. Among respondents who changed their heat pump operation based on cost, one
third used their backup systems more, either manually or by increasing the switchover
temperature on their integrated controller. Two thirds lowered their thermostat setpoints
or only heated certain rooms. One respondent avoided using their heat pump entirely in
favor of their prior heating system. "

+ Most customers indicate that healing costs were about what they expected, although
about 30% of FD installations and 50% of PD installations indicate that costs were
higher than they expected.'* 518

" |{ is evident fram many responses that customers do not always distinguish heat-pump use from auxiliary
resisiance heating, and sometimes lump the two together in their assessmenis of heat pump performance and costs.
" The survey used lo inform this finding (Winter 2024 End of Season Survey) was fielded in February 2024. Metering
was conducted at all respondents’ homes during Winter 2023-2024 and at a subset of homes from Winter 2022-2023.
See Section 2.3 for additional detailz on the End of Seazon Survey methodology,

% fverage Massachusetts residential electric rates rose from $0.27KWh in Winter 2021-2022 to 50.43/kWh in Winter
2022-2023, then dropped 1o an estimated $0.33/&Wh In Winter 2022-2024. “Massachusetis Household Heating
Costs”, Massachusatts Department of Energy Resources, hitps:/fwww.mass.govinfo-details/massachuseits-
household-heating-costs

8 Average Connecticul residential electric rates rose from 50.24/kWh - $0.25/KWh in Winter 2021-2022 to $0.32/4%Wh
- $0.34/Wh in Winter 2022-2023, then dropped fo $0.28/KWh - 50.33/kMh in Winter 2023-2024. " Energy Price and
Supply Information”, https://portal.ct.govideeplanergy/energy-price-and-supply-information
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Maintenance Issues

s Most customers report that they did not experience maintenance issues with their heat
pump. Of the 9% of CHP and 19% of MSHP'’ customers that indicated a maintenance
issue, the reported issues generally fall under these categories:

o Condensate issues (3%) — This includes condensate build up around the inside
of the unit, heavy condensate dripping, overflowing condensate due to poorly
installed drains, and poor installation of condensate piping.

o Circuit board issues (2%) — This includes circuit board issues which caused the
unit to not operate. Some examples include an electricity outage which damaged
the control panel, and a circuit board which shorted with no known reason,
though the customer thinks it might have been a rodent issue. Customers cited
long wait times to get replacement parts.

o Refrigerant leaks (2%) — This occurred more frequently with MSHP units
compared to CHPs. A majority of customers reported that they only needed to
repair it one time, and that the contractor did it at no charge.

o Other reported issues include: the inside heat pump vanes staying closed, the
heat pump going offline during a blizzard, loud sounds when the outside
temperature reached freezing, thermostat or control issues, high humidity in the
home, and issues with auxiliary heating operating too frequently or not at all.

Cold Period Performance

¢ During the Winter 2023-2024 period, about 90% of surveyed FD customers responded
"satisfied” with their heat pump’s ability to meet the heating needs of their space. During
colder periods, this dropped to about 70-80% of customers.™®

Heat Pump Impacts

Table ES-2 provides the overall annual measure impacts per ton of installed heat pump cooling
capacity, including both electric impacts (kWh), and fuel impacts (MMBtu). These impacts are
broken out by heat pump type and displacement type, along with the pre-existing heating fuel
type. The table includes a comparison of the ex ante and ex post measure impacts for the heat
pump types, displacement types, and pre-existing fuel types evaluated in both studies. The
table includes the ex ante measure impacts for the 2021 and 2024 program years; the prior
study assumed lower average switchover temperatures for partial displacement projects with
pre-existing cil and propane heating fuels in the 2022 through 2024 program years, which
results in a higher portion of the heating load met by the heat pump, and higher overall MMBtu
measure impacts.

" Only 1 of 20 GSHP respondents indicated maintenance issues.

" A5 previously noted, customers do not always distinguish heat-pump use from auxiliary resistance heating, and
sometimes lump tha two together in their assessments of heat pump performance and overall satisfaction.
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The table also includes ex post measure impacts for two different measure impacis scenarios
evaluated in this study. The first scenario includes weights for all baseline heating types and
also includes all metered sample in the Full Displacement category, based on the program data
designations of displacement type. The alternative scenario removes heat pumps from the
baseline weights, and only includes post-retrofit usage for Full Displacement installations that
were verified as having removed or disconnected the backup heating systems. ™

Section 6 provides the full writeup of measure impacts results and includes a summary of the
average installed tonnage per site. Site with GSHPs had the highest installed tonnage
compared to other system types. Therefore, average measure impacts “per home” are highest
for GSHP installations.

Overall, MMBtu measure impacis are lower than ex ante assumptions, however kWh impacts
are “less negative” for many of the equipment and fuel types. The ex ante measure impact
assumptions are sourced from the Massachusetts Energy Optimization Fuel Displacement
study (completed in 2021).%' Main drivers for these differences include the fact that current
study post-retrofit heat pump usage is generally lower than the prior study for FD installations.
The prior Fuel Displacement study assumed that FD heat pump installations met the full heating
loads of the home with the installed heat pumps. The current heat pump metering study
aggregated actual heat pump usage data for a sample of sites in the Full Sample scenario. The
results of this analysis showed thal many of the installations categorized as FD were parlially
relying on other heating systems or auxiliary heat to meet portions of the heating load of the
home. In addition, for both scenarios, the current study generally assumes higher existing and
new unit efficiencies for baseline fuel-fired heating equipment types. All else equal, higher
baseline unit efficiencies lower the baseline MMBtu heating equipment usage, lowering overall
MMBtu measure impacts. The current study also has differing usage of backup heating systems
and proportions of customers using integrated controls and switchover temperatures as
compared to the prior study for Partial Displacement installations.

¥ The melered sample for this study includes heat pump installations during the 2021 and 2022 program years
(predominantly 2022 program year). Given changes in program design during subsequent program years, the ex post
impacts for the Partial Displacement case may be most comparable to the 2021 ex ante assumption, and are not
directly comparable o the switchover temperature assumptions In the 2024 ex ante assumplion.

' The alternative scenario may maore closely reflect the current program design in Massachusetts, as the program
currently requires customers lo remove or disconnect their backup heating syslems for Full Displacement projects.
However, assumptions for baseline weights should be adjusted based on future program design considerations and
any changes to approach for gross baseline assignment assumptions. A summary of bassling weights for the
alternative scenario (no heat pump baseling), Is included In Section 2.5.5.

1 Guidehouse (2021). “Energy Optimization Fuel Displacement Impact and Process Study,” Provided to the Electric
and Gas Program Administrators of Massachuselis. https:fima-eeac.orgiwp-content/uploads/MAZORZ4-B-
ECEval_Fusl-Displacement-Report_2021-10-13_Final.pdl. Connecticul references lhe deemead measurs impacts
from the 2021 MA Energy Optimization Fuel Displacemeant report in the current CT Program Savings Document
(PSD) for these measures.
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Table ES3 and Table ES4 provide heat pump savings parameter estimates to be used in
conjunction with measure savings algorithms in the Connecticut Program Savings Document
(PSD). Table ES includes a definition of the parameters, and Table ES provides the parameter
values, Section B.2 provides further detail on the methods used to calculate these values,

Table ES-3. PSD Variables and Descriptions

PSD Variable Description Units
Fag . In-situ cooling efficiency adjustment factor of installed unil MIA
Foaw.gn In-situ heating efficiency adjustment factor of installed unit M/A
F PD Factar to account for the portion of heating load met by the heat M/A
|oasg pump
EFLH. Equivalent Full Load Hours of operation for the average unit during Rt
the cooling season
EELH: Equivalent Full Load Hours of operation for the average unit during Hours

the heating season

Source! Evaluation feam analysis

Table ES-4. PSD Variable Results

CHP FD 1,397 544 1.03 0.86 0.90
CHP PD 825 508 1.00 0.81 0.66
MSHP FD 1.275 4499 0.91 0.92 0.91
MSHP PD 1,025 484 0.95 093 0.79
GSHP FD 1,988 470 0.71 0.59 0.99

Source: Evaluation foam analysis
Considerations

Based on the study findings, below are considerations for the utilities and program
administrators offering fuel displacement rebates for heat pumps.
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C1. Enhance program requirements to more clearly identify criteria for Full Displacement
and Partial Displacement installations.

The participants in this study had their heat pumps installed in 2021 or 2022 (majority of
installations were in 2022). During this time period, the Mass Save and Energize CT heat pump
offerings did not fully require the participant to remove or disconnect backup heating sources,
rather, the systems were allowed to stay in as emergency backup heat. Many of the customers
used these old units for backup heat to meet part of the heating load, however analysis of
metered data for program participants during this time period shows that about 85-90% of the
homes heating load was met by the heat pump for both CHP and MSHP Full Displacement
installations, and almost 100% for GSHP installations.

In 2024, the sponsors of Mass Save require the removal or disconnection of backup heating
systems for a Full Displacement rebate, which should help to minimize the use of backup
heating sources in FD installations.

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

Below are considerations to enhance program guidelines if the program intends for FD
installations lo maximize the usage of the heat pump and minimize the use of backup heat or
auxiliary electric heat:

Full Displacement program qualifications could be further enhanced by:

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

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

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

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

= Update rebate structure to align with heating capacity rather than cooling capacity.
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C2. Give additional guidance to installers on switchover temperatures and heat pump
sizing.
« Continue fo provide and improve criteria and guidance to contractors on what switchover
temperature to size the heat pump for, and what switchover temperature to program for
Partial Displacement systems. Consider setting maximum switchover temperature(s), so
that heat pumps are meeting more of the winter period load.*

C3. Consider adjustments to program requirements for integrated controls, especially for
MSHPs.

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

C4. Provide customers with additional education on how installing a heat pump will
impact their electricity bill.

o For customers who were dissatisfied with their electricity bill, a common theme was
frustration that they did not understand how much a heat pump could impact their
electrical bill. Consider providing additional education and tools on how a switch to a
heat pump could impact customer's bill, especially if their pre-existing system is not
electric. Both Mass Save and Energize CT websites host heating and cooling cost
comparison calculators to compare the operational costs of different HVAC systems.*
These tools can further be promoted to customers and contractors to assist in these cost
eslimations, especially for potential FD applications.

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

22 Mass Save currently has maximum swilchover temperatures based on backup heating fuel type. Energize CT
could consider similar program guidelines.
3 Mass Save calculator: hitps:/fwww masssave.comjresidential/hesting-comparison-calculator

Energize CT calculator:
https:itools. efficiencyestimator. comictrenewableheatingcoolingtechnologiesroicalculatorhome
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C5. Conduct a heat pump technical assessment periodically to inform program
requirements.

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

C6. Update deemed savings estimates and parameters in the Massachusetts Technical
Reference Manual and the Connecticut Program Savings Documents.

The Massachusetts Program Administrators and Connecticut utilities should update
measure savings assumptions using the deemed savings and parameter estimates
developed through this study. Measure impacts are provided in Section 6 for two
scenarios — 1) using the full metered sample in this study aligned with the program data
displacement designations, and 2) subset down to Full Displacement sites that removed
or disconnected their backup heating system, with heat pump unit types removed from
the baseline weights. The Massachusetts Program Administrators and Connecticut
utilities should use the measure impacts that more closely aligns with prospective
program requirements in the respective states.
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1. Introduction

This comprehensive report, developed for the Massachusetts Program Administrators (PAs),
Massachusetts Energy Efficiency Advisory Council Evaluation, Measurement and Verification
consultants (EEAC consultants), and the CT Evaluation Administrator (EA) team, describes the
Guidehouse team’s findings and results for the Heat Pump Metering Study (HPMS), conducted
in the states of Massachusetts and Connecticut.

This report provides an overview of the programs, study goals, and evaluation activities in
Section 1. Detailed methodology is provided in Section 2. Results for the study are provided in
Section 3 (heat pump performance), Section 4 (heat pump and backup system usage), Section
5 (customer experience), and Section 6 (measure impacts). Section 7 describes lessons
learned and ideas for future studies. Appendix A details measure impact results for additional
scenarios. Appendix B provides the customer and interview guides. Appendix C provides select
respanses to the customer surveys not provided in the report body.

1.1 Relevance

Both Massachusetts and Connecticut have heat electrification goals. In Massachusetts, the
emission reduction goal is 80% below 1990 emissions levels by 2050°¢, The state's climate plan
calls for electrifying 26% of households by 2025 and 38% by 20307, This translates to about
100,000 heat pumps installed by 2025 and 500,000 by 2030°. In Connecticut, the climate goals
are to reduce statewide emissions 45% by 2030 and 80% by 2050, relative to a 2001 baseline?’,
which would also require many homes to also electrify. The heat pump fuel displacement
program offerings through Mass Save and Energize CT are aligned with these goals.

1.2 Program Description

Both the Sponsors of Mass Save and the Sponsors of Energize CT have continued efforts to
encourage homeowners to meet more or all of their home heating needs with heat pumps,
especially for customers with pre-existing heating systems that are carbon intensive, such as
electric resistance heal, or furnaces or boilers that heat with natural gas, fuel oil, or propane.
Both stlates have introduced fuel displacement rebates/incentives to encourage the adoption of
heat pumps for customers with these pre-existing healing types. In addition, the broader market
has seen a greater penetration of heat pumps targeted toward cold climates (cold climate heat
pumps) and, in the past few years, has seen customer usage behavior change as a result of the
COVID-19 pandemic. The Massachusetts PAs and Connecticut EA Team commissioned this
study to learn about current usage patterns for heat pumps and other heating equipment,
electric peak demands for heat pumps, the performance and efficiency of heat pumps, and the

2 “Clean Energy and Climate Plan for 2025 and 20307, Massachusetts Executive Office of Energy and Environmental
Affair, hitps:ffwww.mass. govinfo-detailsimassachusetis-clean-energy-and-climate-plan-for-2025-and-2030#clsan-
energy-and-climate-plan-for-202 5-and-2030-

25 “pppendices to the Clean Energy and Climate Plan for 2025 and 2030Massachusells Executive Office of Energy
and Environmental Affair, https:/fewww. mass.goviinfo-details/massachusetts-clean-energy-and-climate-plan-for-2025-
and-2030#clean-energy-and-climate-plan-for-2025-and-2030-

"8 “Mazzachusetts Climate Report Card - Buildings Decarbonization”, Massachusetis Office of Climate Innovation and
Resilience, hitps:/'www.mass.govinfo-details/massachusetts-climate-report-card-buildings-decarbonization

T Public Act No, 18-827, Connecticut Department of Energy & Environmental Protection,
https:fwww.cga.ct.gov/2018/act/palpdiiZ018PA-00082-RO0SBE-00007-PA, pdf
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ability of heat pumps 1o meet customer's full heating needs down to low outdoor air
temperatures.

Two displacement scenarios are possible through the fuel displacement program offerings: full
displacement and partial displacement:

Full displacement (FD). The customer removes, disconnects, or indicates that they will
not use their pre-existing fossil fuel or electric resistance heating system except in
emergencies (extreme weather events, heat pump maintenance or down time) and
replaces all space heating needs with heat pumps.*® Supplemental electric resistance
heat is allowed as needed during peak heating periods. Backup heat can also be
provided by wood or pellet stoves during peak weather events.

Partial displacement (PD). The existing fossil system is left in place and an integrated
control is used to prioritize the heat pump system’s use in milder outdoor air
temperatures when the heat pump operates more efficiently. The backup fuel oil,
propane, or gas heating systems are only used at lower cutdoor air temperatures when
the heat pump efficiency is lowest, when the heat pump cannot meet the full heating
loads of the home, or through additional interventions by the customer to meet comfort
or other needs. Partial displacement also includes portions of homes where the heat
pump fully or partially displaces the existing heating system.

Both the Mass Save and Energize CT programs have changed requirements each program
year. Below summarizes these requirements:

2021 Mass Save: Integrated controls are required unless the central heating system is
removed. Rebated amount of $1,250 per ton.

2022 Mass Save: Rebate eligibility added for customers with pre-existing natural gas
heating systems. Rebate is split into whole-home and partial-home rebates. Customers
could receive a $500 bonus when moving forward with weatherization recommendations
made during a Home Energy Assessment prior to installing the heat pump (this incentive
was also added for Energize CT).

o Whole-home rebate: Heat pump musl be used as the sole source of heating
during the heating season. Rebated amount of $10,000 per home® for air source
heat pumps and $15,000 for ground source heat pumps. Projects may include
backup or supplemental heat from non-fossil fuel sources, such as a wood or
pellet stove or electric baseboard (resistance) heat, including spaces that are
difficult to serve with air source heat pumps such as bathrooms.

o Project must include either the removal or disconnection of the pre-existing
heating system or the homeowner must agree to not use the pre-existing system
unless there is an emergency. The pre-existing system can remain in place and
operate only if it is used for domestic hot water heating. Homes must also be
occupied full time during the winter heating season. Homes must be sufficiently
weatherized prior to heat pump installation.

28 Btarling in 2024, Mass Save reguires customers to verify the removal of the pre-existing heating system or ensure
that it Is disconnected at the electric panel or thermostat.

* Moderate income customers, in Massachusetts, may receive a heat pump rebate up to $25,000 per home in 2024,
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= Partial-home rebate: Heat pump must be used to supplement pre-existing
heating system during the heating system. If the pre-existing heating system is
oil, natural gas, or propane, integrated controls must be installed. Rebated
amount of $1,250 per ton, up to $10,000 per home for air source heat pumps,
$2,000 per ton, up to $15,000 for ground source heat pumps.

2022 and 2023 Energize CT: In 2022, Energize CT did not include a distinct
differentiation between whole-home or partial-home rebated amounts. Both receive a
rebate of $1,000 per ton. There was no requirement to remove or disconnect existing
system, but if the system is left in place, an integrated control must be installed for all
heating zones where the existing system will remain in use.

1.3 Study Goals and Research Objectives

The primary goals of this study were to:

Perform field monitoring to assess the actual heating and cooling performance and
usage of the latest generation of residential heat pumps being supported by the
programs.

Periorm field monitoring of baseline HVAC technologies as available and appropriate
and estimate baseline HVAC consumption across all fuel categories.

Analyze and quantify gross baselines for residential heat pumps to derive gross
measure impacts.

This study will provide the Massachusetts PAs and Connecticut EA team with combined results
for typical performance curves, load shapes, and de-rate factors for central heat pump (CHP),
mini-split heat pump (MSHP), and ground source heat pump (GSHP) installations in
Massachusetts and Connecticut, typical electric consumption of heat pump equipment in
heating and cooling seasons, and measure impacts that represent the range of heat pump
installations through the existing homes heat pump program offerings.

The primary research questions are:

1.

Heat Pump Performance and Capacity

What is the measured efficiency of installed heat pump systems?

What is the difference between rated and operational (in situ) performance of heat pump
systems?

What is the performance and delivered heat of heat pumps down to low outdoor air
temperatures?

Heat Pump Usage and Peak Demand

Whal is the usage and peak demand of heat pumps in Massachusetls and Connecticut
(combined result) during both heating and cooling seasons?

Backup and Auxiliary System Usage and Control

How are customers using their equipment and does this align with the intended
operation (e.g., switchover temperature, heat pump “always on”, or manually turned on

or off).
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= For PD and FD systems, under what conditions are backup systems and auxiliary
heating being used?

« \What is the primary driver for the backup systems or auxiliary heating being used?

s \What improvements could be made to optimize the displacement fraction for FD and PD
installations?

= \What fraction of total load across the cooling and heating season is being met by the
heat pump? What causes homes to have a higher or lower fraction?

« For PD systems, what type of control sequences (i.e., integrated controls, other controls)
are employed, and what settings and setpoints are contractors or customers
programming?

4. Customer Experience

s For FD installations, can installed heat pumps keep the customers comforiable during
the coldest days?

5. Measure Impacts

= What is the overall electric, gas, and delivered fuel consumption change due to central
heat pump and mini-split heat pump installation for partial and full-displacement of
existing oil, propane, gas, and electric resistance baseboard heating systems? Output
from this study will inform the Massachusetts Technical Reference Manual (TRM) and
Connecticut Program Savings Document (PSD).

s \\hat are the distributions of gross baseline heating and cooling systems for fuel
displacement measure installations? The gross baseline is the heating and cooling
equipment the customer would have installed if they didn't install the heat pump they did.

1.4 Summary of Evaluation Activities

Table 1-1 details the activities included in the Heat Pump Metering Study along with their
rationale. These tasks were completed over the course of the study.

Table 1-1. Summary of Activities

Activity Rationale

Gather Massachusetts and Connecticut Heat Pump program data.
Determine number of sample points and strata for statistically
significant results.

Program Data Request and
Sampling

Collect information about use of heat pumps, home characteristics,
and collect interest for metering study, For fas! feedback interviews

Custamer Surveys and and end-of-season survey, collect feedback on whether customers

Ll were comfortable during winter peak period, and how they used their
HVAC systems,
Perform spol measurements and collecl home characleristic data.
Field Visits and Equipment Install long term metering equipment for monitoring period. This was
Monitoring done in two waves, with Wave 1 sites installed in November 2023, and

Wave 2 sites installed between April and August 2024,
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Activity Rationale

Analyze post-retrofit metered data to determine usage, efficiency, and
Survey and Metered Data heating/cooling loads for heat pump system installations, Determine
Analysis usage of both heat pumps and backup HVAC systems for use in

impact analysis.

Use regression and engineering models to delermine weather-
Determine Measure Impacts  normalized post-retrofit HYAC usage, baseline usage, and determine

measure impacls.

Develop four stages of reporl deliverables including:

1. Interim PPT including performance and usage findings for Wave 1
sites

Z. Interim measure impact results

3. Draft report including draft results, conclusions, and
recommendations

4. Final impact results
5. Final report with final results, conclusions, and recommendations

Reporting

Source. Evaluation leam analysis

1.5 Terminology
Throughout this report, the research results are referenced with various terminology:

e Backup System — (aka secondary system) used to refer to separate conditioning
systems independent from the heal pump (boiler, furnace, wood stove, baseboard
heating, space heater, window AC unit, central AC)

* Auxiliary Heating — (aka supplemental heating) integrated electric resistance heating in
the heat pump system. Operates when compressor can no lenger deliver heat. Typically
found in the air handlers of central and ground source heat pump installations.

= Compressor Heating — heat pump compressor itself is delivering heat.

1.6 Abbreviations

Throughout this report, several abbreviations are referenced. Terms are defined as follows and
on first use in the texl.

= Btu; British thermal units

¢« CHP: Central heat pump

= COP: Coefficient of Performance

= DHW: Domestic hot water

s EEAC: Energy Efficiency Advisory Council
= EER/EER2: Energy efficiency ratio

= EFLH: Equivalent full load hours

» FD: Full displacement

s GSHP: Ground source heal pump
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= HPMS: Heat pump metering study

« HSPF/HSPF2: Heating seasonal performance factor
« HVAC: Heating, ventilation, and air conditioning
= IQR: Inter-quartile range

+ |S0O: Independent System Operator

o kBtu: One thousand British thermal units

»  kW: Kilowatt

e kWh: Kilowatt-hour

s MMBtu: One million British thermal units

«  MSHP: Mini-split heat pump

« PA: Program Administrator

o PD: Partial displacement

s PSD: Program Savings Document

« QC: Quality Control

« SEER/SEER2: Seasonal energy efficiency ratio
 TRM: Technical Reference Manual
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2. Methodology

The following section outlines the methodological approaches used in this study. The program
data for heat pump fuel displacement participants was first requested and then used to pull
samples of projects to field the customer survey. The customer survey collected characteristics
of the customer homes, HVAC equipment and usage, and other feedback on the equipment.
The customer survey also served as a basis from which to recruit participants into the metering
portion of the analysis. Data loggers were installed to collect usage and performance for heat
pumps and backup heating systems at a sample of customer homes. The data collection period
extended for one to two winters and for one summer, depending on the installation date for each
metered site, The data collection onsite was used to calculate annual consumption and peak
demand of heat pumps and to understand the usage of backup heating systems. Measure
impacts results were calculated by modeling the baseline HVAC equipment usage and
subtracting the usage of the installed heat pump equipment.

2.1 Program Data Request and Review

A request was submitted (Wave 1) to DNV in August 2022 for Massachusetts program data,
covering Heat Pump Fuel Displacement measure records for all of 2021 and the portion
available from 2022, In response to the Wave 1 request, DNV provided program data for all
2021 participants and the portion of 2022 participants that had been logged as of August 2022.
Table 2-1 shows the number of unique single-family and multi-family customers from the
prograrm dalasets for each of the major measure categories.

Table 2-1. Wave 1 Population Size (Massachusetts Only)

Wave 1
TRl | Maschen
Population
L . FD 522
Mini-Split Heat Pump
PD 2,969
Single Family (Detached FD 162
and Attached) Central Heat Pump PD 1 455
Ground Source Heat
Pump FD 11
Multi-Family (5+ units) Mini-Split Heal Pump FD 2
Total 5121

Source: Evaluation feam analysis
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DNV later provided a full year 2022 dataset (Wave 2), sent to the evaluation team in February
2023, Table 2-2 shows the number of additional 2022 participants in this dataset.

Table 2-2. Wave 2 Population Size (Massachusetts)

Wave 2
Population
; ; FD 2,201
Mini-Split Heat Pump
Single Family PD 2,399
{Detached and FD 716
Attached) Ceantral Haat Pump PD 1971
Ground Source Heat Pump FD 22
Multi-Family (5+ units)  Mini-Split Heat Pump FD 7
Total 7.316

Source; Evaluation feam analysis

The evaluation team sent a program data request to Eversource and United llluminating in
January 2023, requesting all 2021 and 2022 heat pump fuel displacement program data.
Eversource sent the program data in January 2023 and United llluminating sent the final
program data in March 2023. Table 2-3 shows the number of participants in these datasets.

Table 2-3. Wave 2 Population Size (Connecticut)

. 2021-2022
AT t Displacement 2021 ES 2022 ES

Buliding Type System 1ype Scenario Pop. Size Pop. Size Usliz:fl

Mini-Split Heat FD 138 222 3

F oy PD 3 144 17
Single Family
{Detached and Central Heat FD 98 80 5
Aiacied) RATR PD 23 176 11

Ground Source

Heat Pump FD 109 173 0
Multi-Family (5+  Mini-Split Heat
units) Pump FD 1 5 0
Total 292 800 36

For the purposes of this table ES = Eversource (CT) and Ul = United lluminating (CT). Pop. = Population
"Assumed based on Massachusetls data, as building type was largely unknown in Connecticut dala

4 ‘null’ heat pump types

Source. Evaluation feam analysis
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2.2 Customer Surveys and Interviews

Guidehouse fielded three surveys (Wave 1, Wave 2, and End of Season) and one customer
interview effort during the study. Table 2-4 shows a brief description for each of the outreach
methods and the associated timeline. Appendix B includes the full survey guides.

Table 2-4. Description of Customer Surveys/Interviews and Timelines

Outreach Type

Description of Effort

Qutreach

Fielding Launch

Primary Survey: Wave 1
# of Responses: 825
Response Rate: 20%

Outreach Group: 2021 + partial
yaar 2022 participants
(Massachusetts only)

Fast Feedback Interviews
# of Interviews: 13
Response Rate: 52%

Outreach Group: FD participanis
at Massachusetls sifes recruited
during W1 survey (n = 25)

Primary Survey: Wave 2

# of Responses: 644

Response Rate: 28%

QOutreach Group: Sample of full
year 2022 participants
{Massachusetts and Connecticut)
and select 2021 participants
{Connecticut)

End of Season Survey
# of Responses: 136
Response Rate; 74%

Cutreach Group: All metering
sludy participants (Massachusells
and Conneclicut)

Comprehansive survey sent to 2021 and
2022 Massachusetts program participants to
recruit participants to the metering portion of
the study, determine the basaline HVAC
systems, assess experience with their heat
pump(s), and understand behavior at a high
level.

Interviews conducted with the homeownears
at FD sites enrolled in the Wave 1 portion of
the metering study. The conversation took
place directly after the New England cold
snap in February 2023 (where lemperatures
reached as low as -13°F). Conversations
focused on heat pump performance and use
of backup systems in extremely cold
temperatures.

Comprehensive survey sent to 2022
pragram participants in both Massachusalts
and Connecticut. Again, this survey was
designed lo recruil participants lo the
metering portion of the study, determine the
baseline HVAC systems, assess experience
with their heal pump(s), and understand
behavior at a high-level.

Survey fielded to all participants in the
melering study, with a focus on
understanding how participants are using
their heat pumpis) and any additional
heating source(s) during the winter and cold
periods, In addition to behavior, the survey
also captured comfort and satisfaction.

October 2022

February 2023

March 2023

February 2024

Source: Evaluation team analysis

The following subsections describe the methodological approaches for conducting the primary
customer surveys (Wave 1 and Wave 2 surveys), end of season survey, and fast feedback
interviews. In addition to data collection, customer surveys were used to recruit participants for
the onsite metering study, as well as to also understand customer HVAC usage characteristics,
building characteristics, and to inform gross baseline weighting.
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2.2.1 Primary Customer Survey

Customers were recruited using the data from the 2021 and 2022 program years and fielded
two primary surveys, the first to collect building and usage characteristics, and the second was
to evaluate customer eligibility and gauge interest in the follow-up metering study. The first
primary survey (Wave 1) was fielded in fall 2022 using the full 2021 year and the January
through August 2022 Massachusetts program participants and was used to recruit customers
into the Wave 1 meter installations in fall 2022 through winter 2022/2023. The second primary
survey (Wave 2) was launched using the remainder of the full 2022 program participants for
Massachusetts and the full 2021 and 2022 program data from Connecticut, to support Wave 2
meter installations in spring and early summer 2023.*

Overall, the evaluation team surveyed 6,760 customers who participated in the Massachusetts
and Connecticut heat pump programs, The primary customer surveys collected information to
meet the following objectives:

¢ Confirm building type, HVAC equipment types and fuels, and other demographic
variables used for designing representative samples and for potential post-weighting
variables.

= Assess gross baselines using baseline determination questions, including what type of
heating and/or cooling equipment the customer would have installed if they didn't install
the heat pump they did.

e Customer installation decisions, control types, HVAC operation practices, and other
heating options (wood stoves, fireplaces, portable heaters).

e Maetering study recruitment questions, including screener questions for eligibility and
willingness to participate.

» Confirm pre-heat pump installation system type and fuel source and obtain delivered
fuels purchase orders or volume estimates.

The evaluation team used the provided program tracking data to identify a sample for the
participant survey. Each customer was tagged with a survey variable name which allowed
separate questions and modules for customers that installed either a CHP, MSHP, or GSHP,
either as FD or as PD, and sites with an integrated controller.

Table 2-5 and Table 2-6 show the survey sample disposition for the Massachusetts Wave 1 and
Wave 2 surveys, respectively. The lables include the number of customers for each measure
category, the number of customers that the survey was fielded to, and the number of customers
who completed the survey.” All invitations were sent through an initial email, with up to two
reminders to customers. A $20 incentive was also offered to respondents.

0 Onsite meter installations for customers who paricipated in the heat pump fuel displacement programs in 2022
were prioritized. For Massachusells, 96 sites in the onsite sample had heat pumps installed in 2022, and five sites in
2021, For Connecticut, 66 sites had projects complete in 2022, and 18 sites with projects complete in 2021,

1 Given the large number of respondents from Massachusetis who completed heat pump full displacement projects
in 2022, the survey data analysis was limited to these customers only and excluded those who participated 2021.
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Table 2-5. Primary Survey Sample Disposition — Wave 1 (Massachusetts Only)

husatts Wave 1
Building | System Displacement I'-F'l.as ol Chu;ﬂ:‘th '-sl'ufaua : Survey
Type Type Scenaric U bt paligrt Respondents
Population Respondents
Complete
FD 522 452 133 118
MSHP
Single FD 2,969 2,224 500 442
Family
(Detached FD 162 150 52 45
and CHP
Aached) PD 1,455 1,194 245 213
GSHP FD 11 1 6 8
Multi-
Family MSHP FD Z 2 1 1
{5+ units)
Total 5121 4,033 937 825

"Wave 1 population includes 2021 participants and 2022 participants from January through August 2022
“*Customers wilh accurate and complete customer records, with customer amails
Source: Evaluation feam analysis

Table 2-6. Primary Survey Sample Disposition — Wave 2 (Massachusetts)

Wave 2 Wave 2 Wave 2 Wave 2
Building System Displacement Massachusetts Suwe:ay Suarvi:y Survey
Type Type Scenario Program Data #H Respondents
Population® Sample Respondents Complete
FD 2,201 450 129 104
MSHP
Single PD 2,399 403 96 83
Family
{Delached FD 716 400 189 157
il CHP
Atlached) PD 1,971 550 90 85
GSHP FD 22 20 9 3
Multi-
Family MSHP FD T 2 - -
{5+ units)
Total 7.316 1,825 513 438

“Wave 2 population includes all customer records from September 2022 through December 2022, and records from
January through July 2022 that were not included in the Wave 1 data extract from DNV,

**Subset of customers with complete records {including emails). Number of paricipants included in sample was
reached by applying Wave 1 response rales.

Source; Evaluation feam analysis
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The Connecticut program tracking data contained a limited number of email addresses. This
posed some challenges to the recruitment for the Wave 2 survey. Table 2-7 outlines the number
of participants in each measure category by year and the number of available email addresses

for outreach. Due to the limited number of email addresses, all the available emails in
Connecticut were contacted.
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2.2.2 Winter 2023 Fast Feedback Interviews

A histaric cold snap occurred the weekend of February 3-4, 2023, Temperatures reached as low
as -13°F in certain regions of Massachusetts. Prior to this weekend, the incoming weather was
noted, and interviews rather than a survey were conducted to capture any weather response
from participants. These interviews were approximately 15-20 minutes and focused on asking
customers about their HYAC usage during the cold snap (setpoint adjustments, system
operation, use of backup or supplemental heat), their perceived performance of their heat pump,
and the ability of their primary heat pump system to keep them comfortable, The full eligible
population (25 sites) was contacted, and 13 participants were recruited for interviews.
Interviewees were given a $10 incentive for their participation.

2.2.3 Winter 2024 End of Season Survey

Originally, Guidehouse planned to field a short survey, like the interviews conducted in Winter
2023. However, the PAs, EEAC consultants, and EA team expressed interest in a more
comprehensive survey to understand customer behavior and satisfaction in more granularity. To
address these objectives, Guidehouse increased the length of the survey and adjusted the
incentive to $20, rather than the previously planned $10. Additionally, this survey was fielded to
all participants in the metering study (n = 185) rather than only the FD subgroup, Overall, the
survey received 136 responses (74% response rate), Unfortunately, the weather did not drop
below 5°F in Massachusetts during the Winter of 2023-2024, so the survey was launched with
questions referring to a cold period at the end of January 2024. The following research areas
were addressed through the end of season survey:

= Backup Heat Usage and Systems Operation—Understand if customer uses backup
heat during the winter and/or identify if they had an emergency situation that warranted
their use of backup heat. Gauge customer satisfaction of system’s performance in cold
temperatures as it is influenced by comfort levels.

« |Impact of Electricity Costs—Assess relative impact of increased electricity costs on
heat pump usage.

e Thermostat Setpoint—Understand general customer habits with the thermostat
setpoint, how those habits change in the winter, and whether it is similar to previous
Seas0ns.

= Feedback—Opportunity for heat pump, study team, and program feedback.

2.3 Sample Design and Onsite Sample

The evaluation team designed a sample to collecl metered data on heat and backup heating
season usage, and to collect data necessary to calculate the performance of heat pumps across
heating and cooling seasons. Table 2-8 outlines the sample size as defined in the study plan,
and number of onsite sample points that had been installed across Massachusetts and
Connecticut, by building type, heat pump type, and displacement type. The planned 185 ansite
sample points to collect heat pump usage, peak demands, and backup heating system usage
were achieved.
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The sample size for the multi-family strata was cut down due to a smaller than anticipated
number of multi-family projects being present in the program data. In coordination with the study
sponsors, a sample from the original multi-family strata was shifted to the GSHP stratum, which
had a larger number of GSHP projects than originally anticipated.

Table 2-8. Onsite Metering Sample - Usage and Peak Demand

Displacement Sampis In '?i:ﬁ::l in Dithy Teotal Sites
Building Type System Type Sp g Size M e h Installed in Install df’
RREe Planned ass&g i Connecticut R
— FD 37 3 18 47
Mini-Split Heat
Pump
PD 48 23 8 31
Single Family
(Detached and Central Heat FB 37 2 9 38
Attached) Pump
PD 36 12 25 37
Ground
Source Heat FD 5 1 25 26
Pump
Multi-Family Pump
(5+ units) Central Heat
Pump FD 0 1 1 z
Total 185 101 84 185

Source: Evaluation team analysis

Additional data was collected at a subset of the 185 sites to support calculation of heat pump
performance. Table 2-9 shows the number of sites where data loggers were installed to collect
the additional performance data (106 sites total, one higher than planned).
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Table 2-9. Onsite Metering Sample — Performance

Sites Installed Sites Installed

Displacement System Sample Size in in Total Sites
Scenario Type Planned (n) Massachusetts Connecticut Installed
Mini-Split
Heat Pump 37 25 13 38
Central Heat
FD Installations Pump ar 26 B 34
Ground
Source Heat 5 1 11 12
Eu mp
Mini-Split
Heat Pump 13 3 2 7
Central Heal
FD Installations Pump 13 @ v 8
Ground
Source Heat 0 0 0 0
Pump
Total Mini-Split Heat Pump 50 30 15 45
Total Central Heat Pump 50 32 17 49
Total Ground Source Heat
Pump 5 1 11 12
Total Installs 105 63 43 106

Source: Evaluation team analysis

Figure 2-1 shows the location of onsite meter installation in Massachusetts, indicated by the
three major climate regions (Western, Central, and Coastal). Figure 2-2 shows the portion of
total installations in these three climate regions as indicated in the customer survey and for the
onsite sample. The onsite sample is adequately representative of installations of heat pumps
across these three climate regions in Massachusetts.

Figure 2-1. Map of Onsite Installations in Massachusetts

Source! Evaluation team analysis
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Figure 2-2. Count of Onsite Installations per Climate Region in Massachusetts
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Source, Evaluation leam analysis

Figure 2-3. shows the location of ansite meter installations in Connecticut, separated by the
three major climate regions (Northem, Central, and Coastal). Figure 2-4 shows the portion of
total installations in these three climate regions as indicated in the customer survey and the

onsite sample. The onsite sample is adequately representative of installations of heat pumps
across these three climate regions in Connecticut.

Figure 2-3. Map of Onsite Installations in Connecticut

Source: Evaluation team analysis
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Figure 2-4. Count of Onsite Installations per Climate Region in Connecticut
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2.4 Onsite Data Collection

Onsite visits were conducted to collect building characteristics™, equipment characteristics, and
to install a suite of metering/logging equipment to collect all data required for the analysis. The
metered equipment included the heat pump compressor, indoor fan units, and supplemental
electric resistance heat, as well as any existing electric resistance baseboards, furnace fans,
boiler pumps, space heaters, and central ACs. Plug load loggers were used for plug-in
equipment such as space heaters. Integrated space and water heating systems ufilized surface
temperature sensors on the water heating piping to determine when there was demand from the
boiler for the water heating separate from space heating. Temperature and humidity loggers
were also installed to monitor cutdoor air, supply air, as well as return air temperature and
relative humidity. While onsite, the guantity and nameplate information for all heating and
cooling equipment was recorded to determine equipment characteristics, such as rated capacity
and efficiency.

Onsite spot measurements were used lo correlate fan airflow versus fan power consumption.
Airflow tesling methodologies are described further in Section 0.

The field visits and equipment installation took place in two waves, Wave 1 installations took
place in fall 2022, and Wave 2 installations occurred in spring and early summer 2023. The sites
were further split into two groups: performance and usage. Performance sites collected all the
data necessary to calculate heat pump performance as well as heat pump and backup heating
system electrical usage. Usage sites only collected electrical consumption data.

¥ There are more than 30 building characteristics that were recorded during the site visit including home square
footage, number of permanent residents, age of the home, thermostat setpoints, and fuel sources used in the home.
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2.4.1 Metering Setup

The following set of equipment was installed for long-term metering.

Power:

» Power Meter—Meter installed at the electrical panel that is used to meter all HVAC
power measurements including the outdoor units, air handlers, pumps {for boiler backup
systems), and electric resistance supplemental heat. Current transformers were also
added on all non-heat pump HVAC circuits in the home, including circuits for furnaces,

boilers, and central ACs as applicable.

= Plug Load Meters—Installed on plug-in HVAC equipment used in the home at a small,
including space heaters and window ACs (installed at 10 homes).

o Smart Qil Gauge—\Wireless fuel cil tank meter that uses ultrasonic sound waves to
determine fuel oil level and transmits the fill level data via Wi-Fi.

« Copper Labs Logger—Wireless energy monitor that can deliver whole-home gas meter
data at homes with an AMR Type-12 gas meter.

+ Surface Temperature Loggers—Loggers used to monitor temperature of flues for gas,
oil, propane, or wood space healing systems, were used to inform when backup systems

were in use.

Performance:

s Temperature and Relative Humidity Probes—Meters used to collect outdoor ambient
temperature and relative humidity, and for the supply air and return air to the heat

pumps(s).

e Current Monitoring—Used to continuously monitor fan current. The fan current was
correlated with fan airflow measurements during the onsite visit.

Table 2-10 summarizes the types of meters used for the study, the data collected for each
equipment type, and the location in which they were installed.

Table 2-10. Metering Equipment for Heat Pump Systems

: Metering
Measurement Location Type
Power supply
Famarif) to outdeor unit Usage
Current (i} Supply Fan Performance

Air Temperature &  Supply Air (SA)
Relative Humidity Duct, Return Performance
(TIRH) Air (RA) Duct

Cutside Air (OA)

Sensor Type

Watt
Transducer

Currant
Transducer

Thermocouple

Thermocouple

Equipment

eGauge 3010

Onset MX1105 + 1A CT with
converter or eGauge if air
handier had dedicated
breaker

MX2302A,

MX1105 + Temp inpul or
MX2302A,
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Measurement Location M?:;L"g Sensor Type Equipment
Power supply
to window or
Plug Load Usage  portable AC Usage Plug load Onset UX-120-018
; meter
units and
space heaters
Natural Gas erﬂle-rlnme Usage Wr]ﬂle-hcrme Copper Labs AMR Type 12
Lisage gas usage gas meter
Delivered fuel
Fuel OIl heating Usage MNA Smant oil gauge (fusl oil}

systems

Source: Evaluation team analysis

Figure 2-5. illustrates where each of the meters were installed on a full performance metering
site for CHP equipment, as well as the data types they are collecting. Figure 2-6 shows a photo
of an example temperature sensor installed at the air handler to collect supply air temperature.
Figure 2-7. and Figure 2-8. show the analogous schematics and photos for MSHP equipment.
The eGauge, Onset MX, Smart Oil Gauge, and Copper Labs meters were internet connected to
enable real-time QC, to be able to troubleshoot any connection issues, and to support interim
analyses and deliverables throughout the metered period.

Equipment was installed by licensed professional electricians from RISE Engineering in
Massachusetts and Sarracco Mechanical Services in Connecticut (for all equipment installed in
the electrical panel), and a field technician from Ridgeline Energy Analytics. During the onsite
visits (including install and retrieval), the field team also interviewed the customer to determine
how they operated their heat pump equipment in the heating and cooling seasons, how they
interacted with their thermoslats or integraled controllers, and if they changed switchover
temperature settings since installation.

Figure 2-5. Central Heat Pump Performance Metering Schematic *
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Source: Evaluation team analysis

Figure 2-6. Example of Central Heat Pump Supply Air Temperature Logger Installation

Souree! Evaltialion team analysis
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Figure 2-7. Mini Split Heat Pump Performance Metering Schematic for System with Single
Terminal Unit*®

*Multi-Split configurations were also widely used and observed
Source. Evalualion team analysis

Figure 2-8. Example of Mini Split Heat Pump Indoor Unit Logger Installation

Source; Evaluation feam analysis

* Don Vanderbort (2024). "How a Heat Pump Works.” HomeTips, https:/iwww. hometips.com/how-it-warks/heat-
pumps-air-source, htmi
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The HVAC system power was also metered using an eGauge 3010 with 20- or 50-amp current
transformers. As part of the aforementioned field team, composed of an electrician and a field
technician, the electrician first identified the circuit breaker(s) that powered the heat pump
system(s). In mini-spilt systems and central ducted systems, one two-pole breaker typically
served a condensing unit and the indoor units or air handler connected to it.

Following identification, the field technician configured the eGauge device to calculate the power
based on the current readings at the breaker. This measurement was used in the analysis as
the input power to the heat pump system. Figure 2-9. shows an example eGauge installation.
The current transformers are metering the mains of the panel in the example photo.

Figure 2-9. Example eGauge 3010 Installation

Source: Evaluation feam analysis
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2.4.2 Fan Airflow

Fan airflow data for mini-splits and central systems was collected for sites that underwent
performance metering. Depending on the system type, fan airflow was determined in one of the
following ways:

s Mini-Split Systems—Flow hood and balometer measurements correlated to fan current.
The current readings were measured at the outdoor unit, which provides the power to
the indoor fans.

= Ducted Central Systems—Multiple airflow testing procedures were available with
priority given to the procedure that is most applicable based on site-specific
characteristics. Options available include:

o TrueFlow methed using the procedures defined in ANSI/RESNET/ACCA
(American National Standards Institute/Residential Energy Services Network/Air
Conditioning Contractors of America) Standard 310.8F34 This method uses a
flow plate installed in the filter slot to measure airflow,

o

Flow Hood method using the procedures defined in ANSI/RESNET/ACCA)
Standard 310. Balometer is used to capture airflow through the central return.

2.4.2.1 Mini-Split Systems

As mentioned previously, collecting in-situ air flow data is difficult, as there isn't an effective way
to meter air flow over a long period of time without having intrusive meters in a customer's
home. To generate a performance curve, airflow versus power readings were collected at each
site visit and used to generate a perfermance curve at the site level.

This was achieved using a calibrated flow hood (i.e., balometer) to capture spot measurements
of delivered airflow at each corresponding fan setting. To ensure consistency between sites, the
airflow measurements were performed with louvers fixed in place and in fan-only mode when
possible. Airflow measurements were taken at each speed setting on the indoor head's
controller, creating a matrix of current readings at each airflow reading and allowing the
correlation of airfflow and amperage. The cleanliness of the filters and coils were noted in the
onsite data collection forms, to enable correlation of filter conditions ta impacts on airflow rate
and cooling performance.

Current transformers were installed on the wire powering the indoor head. These current
transformers sense the indoor unit's current draw at one-minute intervals. To verify that the
lower amperages seen on mini-split units are accurately captured, the evaluation team used a
0.4" opening 1A Magnelab small format Current Transformers with a custom converter to work
with the MX1105. Previous studies conducted by Ridgeline have shown that these current
transformers can monitor amperages as low as 0.03 to 0.15A.%°

# Residential Energy Services MNetwork ( Air Conditioning Gontractors of America (2020), "Standard for Grading the
Installation of HYAC Systems." ANSI/RESNET/ACCA 310-2020. hitps:/fwww.resnet uswp-
content/uploads/ANSIRESNETACCA. 310-2020_v7.1.pdf

¥ Ridgeline (2024). "Efficiency Maine Residential Heal Pump Impact Evaluation.”

https:fiwww efficlencymaine.comidocs/Efficiency_Maine_Residential_Heat_Pump_Impact_Evaluation_Report-

2024 paf
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2.4.2.2 Ducted Central Systems

A flow hood (balometer) and flow plate are both high-accuracy airflow testing. If the system has
a central return, a balometer can be used to record total system airflow at the return grill. The
limited ductwark in a central return is assumed to have negligible leakage. If the filter slot is of
standard dimensions the TrueFlow can be inserted with minimal setup time. Airflow readings
were measured for as many fan speeds as possible. If explicit fan speed controls were not
available at the thermostat, then additional strategies including changing the mode and
thermostat temperature delta were used to cause the system to change fan speeds.

2.4.3 Temperature and Relative Humidity

To calculate heating and cooling loads and correlate efficiency to outdoor temperature, it is
necessary to install a variety of temperature and relative humidity (RH) sensars. For this study,
MX2302A probes were used to measure temperature and RH at one-minute intervals.

Measurements were taken for outdoor air, conditioned supply air to the space from the supply
duct or the indoor unit and return air from the space through the return duct or to the indoor unit,
The outdoor ambient temperature sensor was installed outside next to the condenser.

For ducted central systems one sensor was installed in the supply and return duct (two sensors
total). For ductless systems, multiple sensors were originally used to measure supply air
temperature and relative humidity across the supply grill to gather an average temperature. This
was done because the throw can vary across a ductless unit supply grill which will affect
temperature and relative humidity measurements. Analysis of Wave 1 supply air temperature
readings for ductless mini-split systems showed no discernable difference between the two
sensors. As a result, during Wave 2 installations, ductless mini-split systems were installed with
a single supply air sensor. One sensor placed in the center of the return grill was sufficient to
measure return or entering air temperature in a ductless system.

2.4.4 Backup HVAC Systems
Metering equipment was also installed to collect usage and runtime for the home's backup

HVAC system(s). Table 2-11 contains a list of melering equipment used to measure the
consumption of various backup systems.
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Table 2-11. Metering Options for HVAC Backup or Supplemental Systems

Backup System Metering Plan

Cooling — Room Air Conditioner  Onsel UX120-018 plug load logger provides runtime and power.
Heating — Space Heater Onset UX120-018 plug load logger provides runtime and power.,

elGauge at the panel to collect electric usage of electric heating
equipment, or fans or pumps for gas or fuel-fired aquipment. For
gas or fuel-fired units, used to measure on-state and estimate
runtime,

Heating — Electric, Gas, or Fuel-  For oillgas/propane units, Onset's MX2304 temperature logger
Fired Furnace/Boiler installed on system flue to capture runtime.

For homes with natural gas, Copper Labs logger (o collect whols-
home gas usage.

For homes with oil, Smart Oil Gauges installed on eligible tanks

Heating — Electric Baseboard eGauge and current transformer at electrical panel to directly
Heating measure power and runtime.

Source; Evalualion feam analysis
2.4.5 Logger Installation Counts
Table 2-12 lists the count of meters installed at the 185 homes included in the study sample.

Table 2-12. Count of Loggers Installed

Equipment Parameter Metered Count
Heat pump, auxiliary heat, backup system, and

#GaUge. 3070 air handler power =18

Onset MX1105 Fan current and outdoor air temperature (OAT) 8O
Temperature, relative humidity, OAT, backup

Onest MA=302 system ductwork surface temperature i

Onset UX-120-018 Foom AC and space heater power 13

?g}pper Labs Gas Meter (AMR Type Whale-home natural gas consumption 24

Droplet Fuel Oil Logger Fuel oil tank level 22

Source! Evaluation team analysis
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2.5 Metered Data Analysis Methodology
The following steps were used to analyze the metered data to derive the study results:

« Clean and process the metered data.
» Calculate in situ heat pump performance.
» Estimate typical-year heat pump usage with site-specific weather-normalization models.

« [Estimate typical-year heat pump energy production using custom-fit models of heat
pump performance.

s Estimate typical-year usage of hypothetical baseline heating and cooling systems based
on assumed baseline system efficiencies.

= Estimate site-level measure impacts (savings) as the aggregate difference between
typical year heat pump usage and typical year baseline usage.

» Aggregate site-level impacts to the stratum level (heat pump type and displacement
type) and measure level (heat pump type, displacement type, and pre-existing fuel type).
This step also uses weights for the baseline equipment types based on participant
survey responses.

These steps are detailed in the following subsections.
2.5.1 Onsite Data Processing

Loggers were installed at a total of 185 sites and metered a total of 246 heat pumps and their
associated ancillary systems. Between November 1, 2022, and February 1, 2024, 1.3 hillion

rows of raw minute-level data (equivalent to 2,500 years) were collected from the study sites,
which resulted in 760 million rows after the cleaning and consolidating steps described below.

During the metered period, automated and manual processes were used to download raw,
minute-level data from the loggers described in Section 2.4.5. Where network connections
allowed, the data were downloaded each day from the loggers and ingested into the analytics
database. When network connections were either not available or failed, the field team made
efforts to retrieve all available data stored on the loggers through additional site visits, both to
download the data and to troubleshoaot internet connection for devices that had gone offline.*®

The logger data reviewed using a combination of automated checks, visual QC, and cross-
checking data with customer reported usage from the field visit interviews. Obvious outliers (i.e.,
extrerne high or low values) were flagged for review and removed.

6 Cwer the course of the metered period, about 120 revisits were conducted (about 20 visits higher than the 90
planned revisits). These revisits served to download locally stored data on loggers, troubleshoot and re-establish
internet connection for loggers that had gone offiine, and collect additional field datapoints for the analysls, such as
airfiow testing. In some instances, the onboard storage reached capacity prior to the revisit date, especially for
laggears with limited onboard storage. Onset MX1105 meters and eGauges have a maximum af 1 year of minute level
onboard data storage. Onset MX2302 meters have a smaller memory capacity and only have 22 days of onboard
storage for all the data channels collected as part of this study.
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Any gaps in logger timeseries data were not filled in. While imputing missing values would result

in more periods of usable data, the error introduced from the imputation would overshadow the
benefits of the increased sample size.

In cases where multiple meters were used to measure the same variable (e.g.. two temperature
sensors on the supply side of an air handler), the values were averaged across the sensors to
arrive at a single estimate for each instant for each variable,
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Table 2-13 shows a summary of sites included in the heat pump usage and measure impacts
analysis, and a summary of the various site data cleaning steps and drop out points. After data
cleaning and QC, data from 169 sites was used to generate the heating season usage and
measure impacts savings and data from 168 sites was used to generate the cooling season
usage and measure impacts savings.”’

After meter installation, five participants requested that the meters be removed due to the
customer moving or for various reasons.

Eight of the 185 sites had ‘insufficient data’, defined as having less than four weeks (28 days)
worth of usage data for the particular season (heating or cooling). Some of the reasons for
having limited usage data collection include:

= Direct power loss at the eGauge due to customer inadvertently flipping the breaker on
the circuit that powers the eGauge (one site) or an electrician disconnecting the eGauge
in the electrical panel during an unrelated visit (one site).

o Revisit or uninstall visit not completed in time for this report, due to customers being out
of town, homeowners moving and not alerting the study team, or other scheduling
constraints with the customers (four sites)

= Prolonged periods of connectivity issues spanning longer than the onboard storage of
the meters

» A manufacturer defect was discovered in a small portion (<1%) of the
temperature/humidity loggers, which caused the battery to die prematurely.

Other miscellaneous data issues also occurred, including:
+ Three sites were removed because ithe metered power data was determined to be
erroneous during the QC process.

= One site used their ground source heat pump as a pool heater during the summer
season. This use case was deemed as atypical, and the summer season usage was
removed from the analysis rollup.

T A 10% dropout rate was assumed for the metersd usage sample in the Initial study planning,
W After uninstall visits, data for three to four sites is expected to be recoverad and included in final analysis,
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Table 2-13. Usage Site Data QC and Resulting Sample

Data QC Step Heating Season Cooling Season
Sites Installed 185 185
Metars removed per participant request i 5
Remai[ﬂing sites eligible for usage 180 180
analysis

Insutficient Data (less than 28 days) 8 B
Miscellanecus Data Issue 3 4

Sites with Usage Data Included in

Analysis Lo 188

Source: Evaluation team analysis

Table 2-14 provides a summary of the sites with available heat pump performance data and a
summary of the various site data cleaning steps and drop out points. After data cleaning and
QC, data from 63 sites (65 heat pump units) were used to generate the heating season
performance models and data from 66 sites were used to generate the cooling season
performance models.

After meter instaliation, three of the participants with heat pump performance metering
requested that the meters be removed due to the customer moving or for various reasons.

Next, units were removed from the performance analysis based on visual QC in cases where
there was not enough heat pump runtime to establish performance relationships with input
power and outdoor air temperature, either because the customer rarely used the unit in the
respective season or because of insufficient data.™ The usage data from these sites were still
used for the usage and measure impacts rollup.

Additionally, data was removed for systems that were determined in the QC process to have
incorrect data, including the following cases:

» Fan CFM curve outside reasonable range—The airflow values calculated from the fan
current to fan CFM relationship were outside reasonable ranges based on the indoor unit
or air handler specifications. This includes sites that had only one CFM data point
collected at time of install, sites that had test values that appeared outside of range, and
sites for which the fan current loggers malfunctioned over the metered period **

¥ Caloulation of heat pump performance requires consistent and accurate data collection from the eGauge (heat
pump compressor power and fan power), and temperature and relative humidity loggers for both supply and retumn
airstreams. Sites with insufficient data were mainly caused by constraints with maintaining consistent internet
cannectivity for all loggers (especially for MSHP units with multipie indoor heads. requiring consistent data collection
at all heads to include the unit in the analysis), limited onboard storage Tor the temperature loggers, and battery or
wiring failure in some units,

A0 Additional airflow testing will be prioritized at the retrieval site visits for these eight sites. The leam expecis thal with
additional airflow testing, up o five of these sites could be pulled into final analysis. Given advanced sysiem control
saguences, the team may not be able to manipulate the heat pump fans to collect enough data peints fo establish an
accurate fan curve.
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+ Inaccurate supply or return temperature data—Readings from the temperature or
temperature/relative humidity sensors installed at either the return or supply airstream
were providing inaccurate readings that prevented calculating the enthalpy at one of the
airstreams. For some of these sites the temperature appeared out of range, and for
some others the participant moved the logger or probe over the metered period.

e« Compressor power outside of range—Compressar power readings were flagged as
outside of reasonable range, possibly due to malfunction of the current transducers in
the electrical panel.

Table 2-14. Performance Site Data QC and Resulting Sample

Data QC Step Heating Season Cooling Season
Sites Installed 105 105
Meters remoaved per participant request 3 3

Can’t derive performance ralationship -
customer did not use the heat pump in this 22 20
seasan, or insufficient data

Remaining sites eligible for performance

analysis L 62
Fan CFM curve outside reasonable range 9 g8
Inaccurate supply or returmn temperature data 6 =]
Compressor power outside of range 2 2
Sites with heat pump performance data 63 66

included in analysis*

* Syslem count for heating season, by stratum: CHP FD: 21, CHP PD: 8, MSHP FD: 21, MSHP PD: 5, GSHP: 10
(soms homes have multiple systems metered)

Source; Evaluation feam analysis

Certain steps in the analysis required additional data filtering due to methodological constraints,
as discussed in the appropriate sections.

2.5.2 Metered Heat Pump Performance

The performance, or efficiency, of a heat pump is defined as the ratio of the useful energy
produced to the energy consumed—that is: the ratio of the heating or cooling*' energy delivered
to the conditioned space over the electrical energy consumed by the heat pump compressor
and auxiliary systems.

#1 As per mechanical enginesring convention, both energy delivered to (heating) or removed from (cooling) the room
are considered “positive” energy fiows and thus efficiency is always positive,
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To calculate the energy consumed by the system, the power data from the compressor, air
handlers, and auxiliary heating (if any) was summed. For mini-split units, the power data for the
system at a single breaker at the panel for each system was captured. For central and ground
source heat pumps, the outdoor or underground units, air handlers, and auxiliary heat systems
associated with the unit were typically metered separately and aggregated at the minute level to
calculate the total system power for each minute.

The energy removed or delivered by the heat pump is a function of the change in enthalpy
across the air handler and the airflow, as described by Equation 1.

Equation 1. Energy Delivered by the Heat Pump

0.9417 Btu  meter?

E=dradif e Qo= or g s frets
Where:

E = energy (Btu)

At = measurement interval (hours)

AH = change in enthalpy (kf)

7 = volumetric air flow (CFM)

= air density (1 2{}4!{3
p = air density (1. m3J

Measurements of the fan power were used to calculate the airflow. As discussed in Section 0,
during site visits the relationship between fan power consumption and airflow production was
measured for as many performance-metered sites as possible. Whenever possible, at least
three data points were collected for each fan. Through ordinary least squares regression,
system-specific, exponential models (“fan curves”) were fit to relate the fan power to airflow.
Figure 2-10. shows airflow measurements and fan curve model fits at four example sites.
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Figure 2-10. Example Airflow Measurements and Approximate Fan Curves®
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“Three curves are shown for this MSHP example system, one for each indoor head.
Source: Evaluation leam analysis

For air handlers in the performance-metered sample where field observations of the fan-curve
relationship could not be collected, data from a system with an identical heat pump model was
used, when available, or an average of curves from similar heat pump systems when no
identical model system was available.*

The models were used to convert the metered fan power data to minute-interval estimates of
volumetric airflow. In cases where fan power could not be directly metered, fan current was
metered and converted to power using an assumption of constant 230V.

Volumetric airflow was converted to mass airflow using an assumed constant of 1.204 kg/m*3
(the density of air at 68°F).

*2 Number of syslems included in the performance analysis where a fan curve was generated from system-specific
data collection: 44 CHPs, 20 M3HPs, 12 GSHPs. Number mapped from analogous systems or system average
curves; 2 GHPs and 47 MSHPs,
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To calculate the enthalpy of the return and supply air streams, the temperature and relative
humidity sensors discussed in Section 2.4.3 were used along with standard psychrometric
formulas. Note that humidity only factors into the calculation during the cooling season when
moisture is removed from the air.

With estimates of the enthalpy of each airstream and the mass flow rate of the air through the
air handler, the differences of the enthalpies were multiplied by the airflow to arrive at minute-
level estimates of the heating and cooling energy delivered to each space by each air handler
as described in Equation 1. Far heat pump systems with a single outdoor unit and multiple
indoor heads, the delivered energy across all heads was summed for each minute. For minutes
where there was insufficient data to calculate energy delivered for any of the heads, that minute
was dropped from the analysis for the purposes of performance estimates.

The outcome of this portion of the analysis was a new dataset consisting of estimates of energy
consumed and delivered or removed by each heat pump for each minute of the metered period
when complete data was available for the actual weather year. This dataset is referred to as the
“Performance Data” in subsequent sections of this report.

To facilitate further filtering and aggregation, each observation was labeled in the Performance
Data with an estimate of the operational mode of the heat pump. These modes were not directly
observed, but rather, inferred based on the available data. The logic shown in Figure 2-11 was
used to assign these operational modes.

Figure 2-11. Heat Pump Operational Mode Assignment Decision Tree
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"Dehumidification mode is identified for perods of time in the cooling season where supply tlemperature is cooler than
retum temperatura, and in which the change in enthalpy shows heat added to the space.

Source: Evaluation team analysis
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2.5.3 Typical-Year Heat Pump Usage

To estimate typical-year heat pump usage and measure impacts, the metered heat pump usage
(power) data was converted to typical-year usage for each heat pump system. This process is
often referred to as weather-normalization. The high-level steps of the weather normalization
process are as follows:

6. Aggregate the minute-interval usage data to the hourly level.
7. Augment the data with temporal and weather variables from the metered year.

8. Model the relationship between heat pump usage and those explanatory variables for each
heat pump system.

9. Predict typical-year heat pump usage by using typical meteorological year weather data
(TMYx)* and actual meteorological year (AMY) weather data for the past 15 years (for
seasonal peak demand) as inputs to the fit models.

2.5.3.1 Aggregate

When averaging the minute-level power data to hourly, any hours that did not have at least 45
minutes of usable data were dropped. This was done to ensure that each hour provided an
accurate average of the heat pump power consumption during that hour.

Additionally, the data was split into heating and cooling datasets for each heat pump. Madeling
the relationship between heat pump usage and weather separately for the heating and cooling
modes allows for better model fits and increased predictive accuracy with lower overall model
complexity.

The cooling-mode dataset was defined as all hours of data between June 15 and September 15
(summer) and any hours from April 1-June 14 and September 16-November 30 (shoulder)
where the outdoor air temperature was above 65°F. The remainder of the data was used to train
the heating-mode model, Note that these modes are defined completely by calendar day and
temperature. These modes, applied to the usage data, are independent from the modes
discussed as part of the Performance Data dataset.

A filter was implemented to ensure models were only fit for systems which had at least 672
hours (28 days) of data for each modeling mode. Some systems only had sufficient data in the
heating mode but not the cooling mode, or vice versa. Others did not have sufficient data for
gither mode. The number of systems with sufficient data to train models for each mode can be
found in Table 2-13.

2.5.3.2 Augment

Actual meteorological year (AMY) weather data was retrieved from a sample of representative
weather stations across the study area: Worcester, Boston, Lawrence, New Bedford, Westfield

4 Typlcal Meteorological Year (TMYx) weather dala are developed by Climate.OneBullding.Org and use 15 years of
recent weather data from weather stations lo generate a typical year weather file for that location. The TMYx weather
files select the median weather month for @ach month of the year over a recent 15-year period. The 2007-2021 period
was used for this study,
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(Massachusetis); and Hartford and Bridgeport (Connecticut). Each study site was matched to
the nearest weather station from the sample.

To allow for better model fits, heating and cocling base temperatures were assigned to each
system, and where appropriate, heating system switchover temperatures. These were assigned
based on visual inspection of each heat pump’s heating and cooling energy consumption plotted
against outdoor air temperature.

Using the AMY weather data, a set of weather- and time-based predictor variables were derived
for use in the models:

« Variable-base heating degree hours (HDH) and cooling degree hours (CDH)

e 4-hour and 24-hour rolling average HDH and CDH

« Normalized heal build up (NHBU) — composite of heal index over the past 72 hours.

¢ Relative humidity

s Hour of day

= Day type (weekday vs weekend/holiday)

« Season (heating, cooling, shoulder)

o Switchover temperature (if identifiable) with flag for if data is above or below switchover
2.5.3.3 Model

The heating- and cooling-mode data was split into testing and training sets for each system and
used cross validation on the training set to try a variety of model formulations for each system,
including: '

* Polynomial terms of HDH/CDH, rolling average HDH/CDH, and NHEU
* Interactions between HODH/CDH and Hour, Season

The best-fitting model for each mode for each system was chosen based on an aggregate error
metric that considers goodness of fit across all training data and within the peak periods,
specifically. The fit of the models was confirmed by performing visual inspection of the model
predictions across month, outdoor temperature, and hour of day, with a particular focus on
outdoar temperature (which is expected to be the primary driver of predicted kW). An example
usage model QC plot is shown in Figure 2-12. .
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Figure 2-12. Example Usage Model QC Plot

Source: Evaluation team analysis

Once a model formulation was selected for each site and mode, the models were refit using the
complete data for that site and mode. These were the final, trained models used for the
prediction step.

2.5.3.4 Predict

For the final step in estimating typical-year heat pump usage, TMYx weather data was collected
from the same set of weather stations used for the AMY data. TMYx weather was used for the
2007-2021 period. The TMYx data was separated into heating and cooling modes using the
same process applied to the AMY data. These datasets were fed into the respective models and
the cutputs were combined to produce complete, hourly (8760) TMYx heat pump usage (kW) for
all systems with complete heating and cooling data (or partial-year datasets for systems with
insufficient training data for one mode).

The team also used the models to predict the usage for the seasonal peak period using AMY
weather data. Historical ISO-NE system load data was used to determine the Summer and
Winter seasonal peak hours for each year, and the models were used to predict the heat pump
usage for these hours using AMY weather data from the past 15 years (Summer 2002-Winter
2023/24), The team then selected the year with the median usage (average kW/ton across all
systems) to use as the typical year for seasonal peak demand. For heating, the median year
was Winter 2019/20, and for coaling the median year was Summer 2013.

2.5.4 Typical-Year Heat Pump Production (Performance)
In contrast to the heat pump usage models, which describe heat pump energy used as a

function of temporal and meteorological variables, the heat pump performance models of this
section describe heat pump energy produced as a function of energy consumed. Where the
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goal of the usage models is o weather normalize the usage data (converting AMY usage to
TMY usage), the goal of these performance models is to estimate the heating and cooling
production of the heat pumps during a typical weather year.

Despite the difference in model formulation and use, the overall process of fitting the
performance models and predicting typical year heat pump production was largely the same.

2.5.4.1 Aggregate

Following the same process used for the usage-modeling, the minute-level, metered
Performance Data was aggregated to the hourly level, then filtered to remove hours without
sufficient minute-level data and split into heating and cooling modes based on outdoor
temperature, This resulted in a dataset of hourly average kW-consumed and Btu/h-produced for
each heat pump in the performance-metered sample of heat pump systems.

2.5.4.2 Augment

Following the same process used for the usage-modeling, AMY weather data from
representative weather stations was joined to the hourly Performance Data.

Using the AMY weather data, a set of weather- and time-based predictor variables relevant to
the performance models were derived:

« Input power (KW per ton rated capacity)

» Variable-base heating degree hours (HDH) and cooling degree hours (CDH)

* Relative humidity

s Season (heatling, cooling, shoulder)

* Rated efficiency — Heating Seasonal Performance Factor (HSPF) for heating and
Seasonal Energy Efficiency Ratio (SEER) for cooling (used only in aggregate models,
see below for details)

2.5.4.3 Model

Following a similar process used for the usage-modeling, cross-validation was used to test a
variety of model formulations for each heat pump system for each mode, including:

e Polynomial terms of input power and HDH/CDH

s |Interactions between input power and HDH/CDH, Season, and Rated HSPF/SEER

A similar method was used to select the best model for each system. The fit of the models was
confirmed by performing visual inspection of the model predictions across month, outdoor
temperature, and input power, with a particular focus on input power (which is expected to be
the primary driver of predicted Btu/h). An example performance model QC plot is shawn in
Figure 2-13.
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Figure 2-13. Example Performance Model QC Plot
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Source: Evaluation feam analysis

In a key deviation from the process used for the usage modeling, aggregate models of heat
pump performance were created for each heat pump type (in addition to the system-specific
performance models). These aggregate models were used to estimate the typical year heat
pump production for systems which did not have performance metering or for which the
performance data were insufficient.

2.5.4.4 Predict

After tuning and fitting the performance models using the metered performance data, the
predicted, typical year heat pump usage dataset (the output of the previous section) was used
along with the same TMYx data previously used as inputs to the models to predict typical year
heat pump production. The result of this prediction was hourly estimates of Btu/h heating and
cooling production for each heat pump.

It is important to note that these typical-year estimates of heating and cocling production
represent the portion of the heating and cooling load met by the heat pump and are not
necessarily estimates of the total home heating and cooling loads, which may have been met by
other backup or auxiliary systems.

Fage 53



Massachusetts and Connecticut
‘\ Guidehouse Heat Pump Metering Study

Also note that while the models discussed in this section can be thought of as “performance
models” in that they relate energy inputs to energy outputs in the same way any other energy
efficiency or performance metrics might, it is important to keep in mind that these models are
trained on all available performance data from all operational modes and were tuned specifically
for the purpose of estimating the heating and cooling production of the heat pumps given
typical-year heat pump usage profiles as inputs. This contrasts with the Performance Results,
which in some cases filter the data to specific operational modes (e.g., excluding fan-only or
auxiliary heating modes). Although these models use the Performance Data dataset for training
and fitting, the outputs of these models were not used for the Performance Results discussed in
Section 3.2.

2.5.5 Typical-Year Baseline Usage

After estimating the typical-year heat pump production, the typical year baseline heating and
cooling system energy usage that would be necessary to match the typical-year heat pump
production was determined,

To estimate baseline energy usage, the modeled Btu/h output for the post-retrofit heat pumps
from the prior section was used to estimate the baseline electric and fuel consumption of
several baseline system types that would be needed to meet the same Btu/h output as the heat
pump.*

The following data sources and assumptions were used to inform the baseline equipment
efficiency assumptions that Table 2-15 shows.

« Existing unit efficiency values are sourced from the most recent Massachusetts
Residential Building Use and Equipment Characlerization Sludy (RBUECS), updated in
2023.* The existing unit efficiencies are the median unit efficiencies for all HVAC units
installed in the 2023 RBUECS onsite metering sample (n=269 sites in onsite sample).
The existing unit efficiency values are used for customers who indicate that they would
have left their existing HVAC system in place if they did not install the heat pump they
did.

+ New unit efficiency values are sourced from the Massachusetts RBUECS survey data
collection and subsequent characterization analysis and are the median efficiency
values for all units installed from 2020-2023, These efficiency values are used for
customers who indicate that they would have installed an alternative HVAC system if
they did not install the heat pump they did. Based on discussions with the
Massachusetts PAs, Connecticut EA Team, and EEAC consultants, new unit efficiencies
of 15 SEER and 8.8 HSPF for central heat pump based on current code minimum
values, and 17 SEER and 9.5 H5PF for mini-split heat pumps were assumed to estimate
typical standard efficiencies for mini-split heat pumps available on the market.

# Note that the results of this typical-year baseline usage estimation step are estimates of baseline eguipment
electricand fue! consumption nesded to match the estimated production of the heal pump, which s not necessarily
aquivalent to the whole-home heating and cooling load (especially in the case of partial displacement sites),

%5 The Phase T RBUECS for Massachuselts has not been made publicly available at this time of this report
submission. The Phase 6 report Is available on the MA Energy Efficiency Advisory Council webpage: Guldehouse
(2022}, "Massachusells Residential Building Use and Equipment Characierzation Study.” hilps:)ima-eeac.orgiwp-
content/uploads/Residential-Building-Use-and-Equipment-Charactenzation-Study-Comprebensive-Report-2022-03-
01, pdf
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Assumed derate factors were applied to the rated efficiencies for the purpose of modeling
estimated baseline equipment usage, as the situ efficiencies of HVAC equipment are typically
lower on average than rated equipment efficiencies. The following derate factors were applied to
estimate average derated efficiency;*

* Furnaces: 5% derate for existing units, 0% derate for new units

» Boilers: 10% derate for existing units, 5% derate for new units

« Central and Mini-split heat pumps: 20% derate for existing and new units

Table 2-15. Baseline HVAC Unit Efficiency Assumptions*

Derated
13.0 SEER 104 SEER  15.0 SEER 12.0 SEER
Central &AC 124 SEERZ 9.9 SEERZ 14,3 SEERZ 11.4 SEER2
11.0 EER 8.8 EER 11.7 EER 9.4 EER
13.0 SEER 10.4 SEER 15.0 SEER 12.0 SEER
12.4 SEER? 9.9 SEER? 14.3 SEER? 11.4 SEER?
gﬁ::;a' Heat 11.0 EER 8.8 EER 11.7 EER 9.4 EER
7.1 HSPF 5.7 HSPF 8.8 HSPF 7.0 HSPF
6.1 HSPF2 4.9 HSPF2 7.5 HSPF2 6.0 HSPF2
20.0 SEER 16.0 SEER 17.0 SEER 13.6 SEER
o 18.0 SEERZ 15.2 SEER2 16.2 SEER2 13.0 SEER2
EI'JF:;PSP"' Heal 125 EER 10.0 EER 12.0 EER 9.6 EER
11.0 HSPF 8.8 HSPF 9.5 HSPF 7.6 HSPF
9.4 HSPF2 7.5 HSPF2 8.1 HSPF2 6.5 HSPF2
Ground Source 11.7T EER i 17.1 EER g
Heat Pump 2.96 COP 3.65 COP
Window AC 11.0 CEER 8.8 CEER 11.3 CEER 9.0 CEER
Gas Fumace 99.0% BE.5% 96 0% 98 0%
E$§:2: 91.0% 86.5% 96.0% 96.0%
Oil Fumnace B5.0% BO.8% BE.2% 86.2%
Gas Boiler 83.1% 74.8% 95.0% 90.3%
Propane Boiler 83.1% 74.8% 95.0% 90.3%
Oil Boiler 85.0% 76.5% B6.2% B81.9%
Electric
B i 3.41 HSPF 3.41 HSPF 3,41 HSPF 3.41 HSPF

*SEERZ esfimatad as SEER/1.05, HSPF2 estimated as HSPF/1.17

** 35HFs |ack rated seasonal efficiency metrics, so baseline usage was calculated by scaling post-retrofit GSHP
usage by the ratio of the rated EER/COP between the post-retrofit and baseline case (effectively assuming that the
in-situ efficiency derale was equivalent in both cases)

Source; Massachuselts Resideniial Building Use and Equipment Characterization Study (2023), evaluation team
analysis

% Exisling unit derate values for fumaces and bollers sourced from Robert Hendron (2006), “Building America
Performance Analysis Procedures for Existing Homes - Technical Report,” NREL/TP-550-38238,
https:{fwww nrel. govidocs/fy(Bosti/38238.pdf, New unit derate values sourced from Cadmus (2015), "High Efficiency
Heating Equipment Impact Evaluation,” Prepared for the Electric and Gas Program Administrators of Massachusetts.
https:f'ma-seac.orgiwp-contentiuploads/High-Efficiency-Heating-Equipment=-impact-Evaluation-Final-Report. pdf

Heat pump unit derate values are estimated based on the average ratio of in situ H5PF to rated HSPF as determined
through this study, presented in Section 3.5,
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The energy consumption for each baseline equipment type that would be needed to provide the
same heating and cooling Btu output as the program-rebated heat pumps at each site were
modeled. Afterward, a series of baseline equipment weights were applied to develop the
weighted average baseline heating and cooling consumption for each site in the usage sample.

To develop the baseline weights, a series of questions in the primary customer survey were
used to determine the baseline heating and cocling equipment type for each survey respondent.
The baseline HVAC systemn types are defined as the systems the customer would have installed
if they did not install the heat pump that they did. The customer could have either installed no
HVAC system, left their prior system installed, installed an alternative system, or indicate that
the installed heat pump was the only HVAC system considered.

The following survey response categories were used to assign the appropriate heating and
cooling baseline for each customer:*’

* Pre-existing equipment types—The pre-existing system type is the customer's
previous heating and cooling system types. For customers who indicated they had a
prior furnace or boiler, the survey asked whether the heat came out of ducts or radiators
(and provided a picture example of each type of heat distribution). For customers who
indicated their heat is supplied via radiators, the baseline heating system type was
assigned as a boiler, irrespective of whether the customer indicated they had a furnace
or a boiler. The opposite logic is applied to customers who indicated their heat came oul
of ducts (the pre-existing heating system type is defined as a furnace).

» Alternative action—The alternative action defines what the customer would have
installed if they did not install the heat pump that they did. These alternative actions
include either taking no action (leaving the existing equipment in place) or installing an
alternative system type.

Using the responses lo the survey questions, a heating and cooling baseline system type for
each unique respondenl was assigned before averaging across all respondents to develop
baseline weights for each heat pump type. Table 2-16 provides the distribution of baseline
cooling equipment types by heat pump type from the customer survey. The no cooling baseline
(none) for customers who installed a mini-split heat pump is 52%, indicating that 52% customers
did not have pre-existing cooling in their space, and would not have installed an alternative
cooling system if they didn’t install the heat pump. Per the customer survey, 70% of all
customers who installed a mini-split heat pump did not have pre-existing cooling. Existing
central ACs are the most common baseline equipment type for customers who installed a CHP
or GSHP.

T For customers whao installed an MSHP, the customer is firs! asked which space type(s) they installed new heat
pumpis). and then a space type is chosen at random by the Cualirics survey instrument. For the remainder of the
survey, the customar is asked fo provide their response for the random space chosen by Qualirics,
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Table 2-16. Baseline Cooling Equipment Types and Weights by Heat Pump Type

Existing Central Mini-Split Ground

or Mew Basealine Cooling Equipment Type Heat Pump  Heat Pump Source Heat

Unit (n=300) (n=246) Pump (n=62)
MNong 16% 52% 6%
Central air conditioning 7% 8% 1%
Central heat pump 2% 0% 2%

Existing T 7

Linit Mini-split keat pump 0% 24 0%
Room, window, or through the wall air

e ! - o 0, a

conditioning 1% 13% 2%
Ground-source haat pump 0% 0, 118,
Central air conditioning 0% 10% 18%
Central heat pump 2% 0% 16%

Wew Uit pini-spiit heat pump 6% 34 6%
Runnj, W|Ind-|}w, of through the wall air 6% 13% B
conditioning

Total 100% 100% 100%

Source: Evaluation feam analysis

Table 2-17 provides the distribution of baseline heating equipment types for each heat pump
type, as determined through the customer survey responses. Additionally, heating weights are
also broken out by the pre-existing heating fuel prior to installing the heat pump, as indicated for
gach customer in the program tracking database.
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Based on discussions with the study sponsors, the study also sought to quantify measure
impacts assuming no heat pumps in the baseline assignment weights.

Table 2-18 provides the distribution of baseline cooling equipment types after the heat pump
baseline types are removed. The proportion of no cooling baseline was left the same, and the
weights for the other non-heat pump equipment types re-weighted to a total of 100% baseline
equipment type weight. These weights are used in the alternative scenario for measure impacts.

Table 2-18. Baseline Cooling Equipment Types and Weights by Heat Pump Type — Heat
Pump Weight Removed (Alternative Scenario)

Existing Central Mini-Split Ground
or New Baseline Cooling Equipment Type Heat Pump  Heat Pump Source Heat
Unit (n=300) (n=246) Pump (n=62)
Mang 16% B% 52%
Central air condibioning 42% 49% G99
Central heat pump 0% 0% 0%
E’;ﬁtmg Mini-split heat pump 0% 0% %
Room, window, or through the wall air i & ?
conditioning 2% 3% 14%
Ground-source heat pump 0% 0% D%
Central air condiioning 4% 31% 11%
Central heat pump 0% 0% 0%
New Unit  yrinisplit heat pump 0% 0% 0%
Room, window, or through the wall air a o .
conditioning 7% 10% 5%
Total 100% 100% 100%:

Source: Evaluation team analysis

Table 2-19 provides the distribution of baseline heating equipment types after the heat pump
baseline types are removed. The weights for the non-heat pump equipment types were re-
weighted to a total of 100% baseline equipment type weight. These baseline weights are used
to explore an alternative scenario for measure impacts estimation; results are provided in
Section 6.
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2.5.6 Seasonal Heat Pump Performance

The performance and usage models described in Sections 0 and 2.5.4 were used to calculate
the typical year heat pump usage and output at the system level. The operational cooling
seasonal efficiency, Season Energy Efficiency Ratio (SEER), was calculated by taking the
modeled cooling output of the heat pump over the TMYx cooling season and dividing by the
total energy used in the cooling season. For this portion of the analysis the cooling season was
defined as June io September,

The heating seasonal efficiency, Heating Seasonal Performance Factor (HSPF) was calculated
by taking the modeled heating output of the heat pump over the TMYx heating season and
dividing by the total energy used in the heating season, For this portion of the analysis the
heating was defined as November through March.

Seasonal heat pump performance is compared to rated SEER/HSPF and SEER2/HSPF2, As of
January 1, 2023, the United States Depariment of Energy (DOE) updated the minimum energy
efficiencies standards for central and ductless heat pumps to use SEERZ2, EERZ, and HSPF2 to
better represent real world performance. Due to changes in the test procedure, the new
versions of the metrics have a lower numerical value. The updated test method and can be
found in the Code of Federal regulations, Title 10, Chapter ||, Subchapter D, Part 430, subpart
B, appendix M1,

2.5.7 Measure Impacts

Measures are defined as the installation of a heat pump (central heat pump, mini-split heat
pump, ground source heat pump) to displace a pre-existing heating system using electric
resistance, fuel oil, propane, or natural gas fuel types.

As discussed in the prior section, the baseline heating or cooling systems are not necessarily
the customers pre-existing system type, but rather what the customer would have installed or
used to heat and cool their home if they didn’t install the heat pump they did.

To calculate measure impacts, typical-year heat pump usage was subtracted from the modeled
typical-year baseline usage. These measure impacts were calculated at the site level and then
aggregated to the stratum and measure level for various reporting outputs.

2.5.8 Heating Load Proportions

To determine the proportion of the heating load met by the heat pumps and backup heating
systems,* the modeled heating performance data was used to develop madels of the home
heating load. Analysis was performed using data for all 169 sites that had usage data which
passed the QC checks and included 106 FD sites as well as 63 PD sites.

4! Code of Federal Regulations (2024), *Appendix M1 to Subpart B of Part 430—Uniform Test Method for Measuring
the Energy Consumption of Central Air Conditioners and Heat Pumps.” hitps:dwww.ecfr.gov/currentititle-10/chapter-
Isubchapter-Dipart-430/subpart-B/appendix-Appendix% 20M 1 %200 %205ubpart % 20B% 200 % 20Part%20430

*F The secondary heating systems encompass both backup heat (bollers, furnaces, wood stoves, basebaard heating,
space heaters) and auxiliary heating {integrated electric resistance heating built into the air handler),
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Initially, average heat pump load was calculated by outdoor temperature, and the temperature
range for each site where the heat pump appeared to be meeting the entire home heating load
was determined via visual inspection (typically 35°F-50°F). A linear model was then fit for each
site using this subset of the data and the model was used to predict the load at colder
temperatures. Home heating load is expected to vary linearly with outdoor temperature in the
absence of changes to thermostat setpoint or occupancy, and thus a linear model can be used
to reasonably extrapolate the loads across temperatures.™

An example site heating load model is shown in Figure 2-14, with the points representing
average heat pump load, and the line representing the modeled whole home load. The heat
pump appears to meet the heating load for this site down to roughly 42°F, below which point a
portion of the load is met by the backup heating system.

Figure 2-14, Example Site Heating Load Model with Backup Heating
Site 16309637 !

E B

Avarage Heating Load (Btuh)

i) 30

40 50
Outdoor Tamperahire {F}
Source; Evaluation feam analysis

Next, the heat pump and auxiliary electric heat loads were used with the modeled total home
load to calculate the proportion of the load met by heat pumps and auxiliary heat for each
temperature at each site, and the remaining proportion was assigned to other backup systems.

0 This method assumes a constant thermostat setpoint, and thus there s some emror introduced in cases whare the
site implements a nighttime setback,
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The next step was to perform QC checks on the site-level results. Several cases were identified
in which this method did not produce accurate results, and these sites were removed from the
analysis:

» Sites where the heat pump never appeared to meet the full load, based on the metered
backup systems data (6 sites)

e Sites that were identified as full displacement of a partial home (10 sites)

In both of these cases it was not possible to estimate the total home heating load, and so this
method was not appropriate for determining load proportions.

Additionally, in cases of full displacement installations where the backup systems data and the
customer survey responses indicated no backup system usage (or no backup system installed),
the load proportion for other systems was set to 0 and the load was split proportionally between
heat pump and auxiliary heat. For these sites, it was assumed that any backup heating load
shown was due to inaccuracies in the models (e.g., due to the presence of a nighttime setback)
rather than backup heating usage.

For a small subset of sites, the models indicated that the proportion of the load met by the heat
pump dropped at high temperatures, which is most likely due to the limitations of the model®’,
rather than actual backup heat usage at high temperatures, For these sites, the modeled result
was adjusted by not allowing the heat pump load proportion to drop al lemperatures above
40°F, replacing it with the load propartion from the next coldest temperature bin in cases where
it did.

After these adjustments were performed, the site-level load proportions were averaged across
sites to determine the average load proportions by temperature bin for each heat pump type and
displacement type.

Lastly, typical year seasonal load proportions met by each system type were derived for each

site. The load proportions were summarized across the heating season for each site by taking a
weighted average, weighting by the total site load in each temperature bin. Finally, the seasonal
load proportions for each site were averaged across sites by heat pump type and displacement

type.

i1 This could be explained by the site using their heating system inlermittently ar with a diffierent selpoint at higher
temperatures during the shoulder season, which would result in the effective home load being lowser on average at
high temperatures,
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3. Heat Pump Performance Results

This section provides heat pump performance results, including seasonal performance metrics,
heat pump performance and efficiency by outdoor air temperature, and performance at the
lowest outdoor air terperatures during the metering period.

Key Findings Across Performance Analysis:

o Across the metered systems included in the heat pump performance analysis, average
CHP heating coefficients of performance (COPs) by temperature ranged from 2.0 at -
10°F to 3.5-4.0 at 60°F and the cooling COPs ranged from 3.8-4.0 at 90°F to 4.9-5.1 at
B65°F. Average MSHP COPs by temperature ranged from 1.5-2.0 at 10°F to 3.5-4.0 at
60°F and the cooling COPs ranged from 4.0-7.0 at 90°F to 5.0-7.5 at 65°F. GSHPs had
a stable COP around 3.0 across the entire heating season and a stable COP around 4.0
across the entire cooling season. The COPs discussed in this section are calculated
when the system is either cooling or heating with the compressor. Energy from auxiliary
heating and defrost mode operation was not included in the operational COP
calculations.

s Many of the metered heat pumps were able to maintain heat delivery during the cold
snap on February 3-4, 2023. For heat pump units that operated below 5°F, system level
average COP for compressor-on operation varied between 1.6 and 2.3 for CHPs, and
1.9 and 2.2 for MSHPs across the -10°F to 5°F temperature range.

» Of sites with CHPs, 31% had auxiliary electric resistance heating installed. Of these
sites, 78% used any auxiliary heating during the metered period, and 44% used auxiliary
heating under 15°F to meet at least 25% of the home’s heating load.

» Of sites with GSHPs, 80% had auxiliary electric resistance heating installed. Only 1 of 18
GSHP sites used auxiliary heat during the metered period.

+ \Weather normalized seasonal efficiency values (HSPF and SEER) were typically lower
than rated efficiency metrics (HSPF and SEER/SEER2). Seasonal efficiency values
were in line with rated HSPF2 on average.

3.1 Average Operational COP

Figure 3-1 shows the distribution of heat pump system average COP during compressor-on
periods across heating and cooling periods by heal pump type and displacement type. Average
compressor-on COPs for CHP and MSHP equipment are between 2.0 and 3.0, and for GSHP
equipment, slightly above 3.0. Cooling season COPs show wider variation and generally fall
between 3.5 and 4.5 (MSHP partial displacement stratum average is 6.0 COP, however with low
sample size).
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Figure 3-1. Distribution of Operational COP (Compressor-On Periods)
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Mote: This plot shows comprassor-on operation from the metenng penod. Systems with less than 20 hours of heating
or cooling operation are not included in this plot. The box and whisker plots show the mean value as a solid verical
line in the boxes. The boxes show the interquartile range belween 25% and 75% of observed values, and the lines
outside of the box show the remaining distribution of the values for the respective stratum. Outliers are shown as
individual points,

Based on full metered sample and program data designation of displacement type

Source: Evaluation leam analysis

3.2 Performance by Temperature

This section outlines heat pump performance as a function of outdoor air ternperature. Analysis
results are shown in Figure 3-2, demonstrating that:

s Both CHPs and MSHPs exhibit outdoor air temperature dependent performance. As
expected, system heating COP is higher during warmer portions of the winter season
and the system cooling COP is higher during cooler portions of the summer season.

» Across all units, the average heating COPs for CHPs ranged from 2.0 to 3.5 across the
outdoor air temperature range, and the cooling COPs ranged from 4.0 to 4.9. MSHP
COPs ranged from 2.0 to 3.0 and the cooling COPs ranged from 5.0 to 6.5 across the
outdoor air temperature range.

= GSHPs have a slable COP around 3.0 across the entire heating season and a stable
COP around 4.0 across the entire cooling season. As expected, GSHF COPs show less
outdoor air temperature dependence than air source heat pump type, because the
temperature of the ground is more stable across the seasons.

Fage 65



Massachusetis and Connecticut

. Guidehouse Heat Pump Metering Study

The COP was calculated for heat pumps at sites with sufficient performance data. Using the
methodology described in Section 2.5.2, pericds when the heat pump systems were heating or
cooling were identified, and the energy removed or delivered to the indoor space was
calculated. This portion of the analysis only includes periods of time where the compressor was
in operation. Weather station data from the metering period was used to summarize data into 5-
degree temperature bins.

The operational COP shown in Figure 3-2 was estimated by first calculating the preduction-
weighted COP for each heat pump system for each five-degree temperature bin. Production-
weighted COP is the sum of all energy produced in a temperature bin divided by all energy
consumed in that temperature bin.

Then, the mean, twenty-fifth, and seventy-fifth percentiles of the system-specific COPs were
calculated for each temperature bin. The black line in Figure 3-2 is the mean COP across all
systems. The shaded ribbon is the interquartile range (IQR)—showing the range between the
25" and 75" percentile of units. Because not all heat pumps had data available for all
termperature bins, the sample size represented by the summary statistics for each temperature
bin varies over the range of temperatures. The width of the IQR is a useful proxy for the range
of system-level estimates. The sample sizes included in the captions of the figure highlight the
maximum numbers of units with data at a single temperature bin for the respective sirata. The
figure was generated in this way because not all sites experienced the same range of outdoor
temperatures and the usage patterns for each site were different. The sample sizes presented
in the plot are representative for the majority of temperature bins, but there was some drop off at
the low and high ends of each curve.
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Figure 3-2. Heat Pump COP vs. Outdoor Air Temperature
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The evaluation team did not observe PD GSHP sites during the metering period. Mote: This plot shows compressor-
on operation fram the metering period and is not weather normalized, Compressor-on operation does not include
pariods of time where the unit is In defrost mode, when the unit is cperating in fan-only mode, or the unit is ‘off.
Seasonal efficiencies for CHPs and MSHPs include all of these operafing modes, which has a negative impact on the
efficiency value. GEHPs do not need a defrost mode, so their seasonal efficiencies are impacted lass.

Based on full metered sample and program data designation of displacement type
Source. Evaluation leam analysis
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3.3 Heating and Cooling Btu Output by Temperature During
Compressor-On Periods

In addition to the COPs, the average heating and cooling output per ton for each stratum was
also calculated. The heating and cooling output were calculated during compressor-on periods
only and is therefore the average Btu/h output during the compressor-on periods in each
temperature bins. This analysis did not summarize the total Btu delivered by the system in the
temperature bin, which would multiply the average Btu/h delivered by the unit runtime. The
results in Figure 3-3 show that:

e Across the metered period, the average Btu/h during times when the compressor was on
did not show significant temperature dependence for FD CHP and GSHP systems,
except far FD CHPs where the Btu/h declined at higher temperatures.

o Average Biu/h output during compressor operation for PD MSHPs remained relatively
flat as temperature decreased. MSHPs are often installed to serve parts of homes or
specific rooms, so there is not as clear of a drop-off in output with temperature. These
systems can be toggled on and off as needed.

= FD MSHPs are the only system that show a significant change in average heating output
with a change in temperature. Many MSHPs in the sample are multi-zone systems,
which operate a subset of indoor heads depending on customer behavior and needs.*
These systems are operaling with multiple thermostats, thus have the ability to control
different spaces lo differing selpoints. Al higher temperatures, only 1 or 2 heads in main
living spaces may be on, but at lower temperatures, all heads might be on in both main
living spaces and secondary spaces, such as bedrooms. This would cause a much
higher Btu/h output at the lowest temperatures. The average number of indoor heads per
MSHP outdoor unit in the metered sample was 2.54, and the maximum indoor units
attached to one outdoor unit was 6.

The energy produced by the system at the minute level was calculated for each temperature
bin, then the energy produced was normalized by the rated tonnage of each system and divided
by the number of hours of data in that temperature bin to generate a normalized output for each
temperature bin for each system. Like the COP curves, Figure 3-3 shows the mean, twenty-fifth,
and seventy-fifth percentiles of the system-specific average outputs for each temperature bin.
The black line is the mean across systems. The shaded ribbon is the interquartile range (IQR.).

72 In the metered sample, the average number of indoor heads for every outdoor unit for multi-split MSHP systems
was 3.1,
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Figure 3-3. Btu/h Output vs. Outdoor Air Temperature During Time of Compressor-On
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Nole: This plot shows average Blu'h delivered during time periods of compressor-on operalion, using the melered
data '

Based on full metered sample and program data designation of displacement typa
Source: Evaluation tearn analysis
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3.4 Cold Temperature Performance

This section details heat pump operational performance in the coldest outdoar air temperatures,
using data available from 20 sites. The resuilts in this section provide compressor-on COPs and
do not include the impacts of auxiliary heating or periods of time when the unit is in defrost
mode. Friday and Saturday, February 3™ and 4", 2023, were the only days in the study
metering period with temperatures below 0°F, Temperatures on those days dropped to as low
as -12°F. Figure 3-4 shows the average performance of five CHP and 15 MSHP units during
this temperature range. These results show that:

o [For those sites with heat pumps operating in heating mode (compressor-on, no defrost,
no auxiliary heat) below 5°F, average system-level COP varied between 1.6 and 2.3 for
CHPs, and 1.9 and 2.2 for MSHPs within this outdoor air temperature range. However,
multiple sites began to use backup or auxiliary heating at these low temperatures.
Findings for auxiliary heat usage are detailed in Section 3.4.1, and for backup heating
systems in Section 4.3.

Figure 3-4. Heat Pump Performance below 5°F (Heating Mode Only)
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Mobe: This plot shows compressor-on operation using metered data, Compressor-on operation does not include
pariods of time where the unit is in defrost mode, whan the unit is operating in fan-only mode, or the unit is ‘off.
Seasonal efficiencies for CHPs and MEHPs include all of these operating modes, which has a negative impact on the
efficiency value.

Source! Evaluation team analysis
3.4.1 Auxiliary Strip Heat Usage

Some heat pumps are installed with electric resistance elements that are used to supplement
heat pump heating at colder temperatures (auxiliary heating). This section summarizes auxiliary
usage for the sites included in the "usage sample”, which did not receive additional performance
maonitoring. There are a higher number of sites in the usage sample than the performance
sample, as outlined in Section 2.5.1. Of the sites in the usage sample, there were 20 CHPs, 18
GSHPs, and one MSHP with auxiliary electric resistance heating installed and metered. The
study looked at the proportion of the heating load met by the heat pump vs. the auxiliary electric
heating.
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From Figure 3-5 and Figure 3-6 and comparing with the total number of usage sites with data
collection available from the onsite sample, we find that:

e 20 out of 60 (33%) of CHP sites had auxiliary heating installed. Of those 20 with auxiliary
heating, 15 (75%) used their auxiliary heating during the metered period. Nine of the 20
sites (45%) had periods of time below 10°F-15°F where over 25% of the heat load was
provided by auxiliary heating.

* 18 out of 22 (82%) of GSHP sites in the usage sample had auxiliary heating installed.
Only one site (5.6%) showed any usage of the auxiliary heating during the metered
periad.

« Oneoutof 71 (1.4%) MSHP usage sites had auxiliary heating installed, but it was not
used.™

Figure 3-5. Auxiliary Heat Use vs. Outdoor Air Temperature - CHP Sites
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Mote: This plot shows compresser and auxiliary heating operation using actual meteorological year data. Some sites
had data collection during Winter 2022-2023 with cutdoor air temperatures below 0°F, other sites only caplured dala
during Winter 2023-2024 where temperalures only dropped to -15°F,

Source! Evaluation feam analysis

** While these sites are categorized as MSHP in the program data, they are twinicombo systems, with both a MSHP
and a CHP with an air handling unit,
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Figure 3-6. Auxiliary Heat Use vs. Outdoor Air Temperature - GSHP Sites
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Mota: This plot shows compressor and auxiliary heating operation using actual metecrological year data. Some sites
had data collection during Winter 2022-2023 with outdoor air temperatures below 0°F, other sites only captured data
during Winter 2023-2024 where the lowest temperatures observed were approximately 15°F,

Source! Evaluation feam analysis

3.5 Seasonal Performance

Unlike the COPs discussed in Section 3.2, which only considered compressor-on performance,
the operational seasonal efficiency metrics shown in the Table 3-1 and Table 3-2 below account
for all energy consumed and produced by the systems across all modes of operation.™ Table
3-1 and Table 3-2 show the modeled operational seasonal efficiencies compared to the
manufacturer rated HSPF and SEER, respectively. The values in the table are shown as simple
averages of the systems included in each stratum. For the methodology used, reference Section
258.

* Beasonal efficlencies include all heat pump consumption across all modes of operation, including heating, cooling,
fan only, defrost, standby, dehumidification, and integrated auxiliary electric heat,
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Key findings include:
« For CHPs, the in-situ HSPF was generally lower than rated HSPF* but equal to or
higher than HSPF2.

* |n situ MSHP HSPF was lower than both HSPF and H5PF2 ratings.

s  Across CHP and MSHP, the in-situ SEER was lower than both the rated SEER and
SEER2.

e The GSHP in situ HSPF (9.7) was higher than CHP or MSHP while modeled SEER
(11.6) was lower.*®

Table 3-1. Heating Seasonal Performance Results vs. Rated

Average Average

Average Average

System Displacement : Rated Rated Systems
Type Scenario Iﬂsﬁf: E;‘;g RegionlV RegionV Included (n)
HSPF2* HSPF2*
FD 9.3 10,3 8.0 6.8 42
Central Heat
Bump FD 8.8 10.1 8.8 6.6 36
CHP
Combined 9.1 10.3 8.9 6.7 T8
FD 81 11 10.0 7.8 67
Mini-Split
Heat Pump FD 9.8 11.4 10.3 7.9 42
MSHP
Combined 9.3 1141 101 7.8 109

“Region IY HSPF2 values that were missing from manufacturer documentation were estimated as HSPF/M1.17,
Missing Region ¥ HSPFZ values were estimated based on the relationship of Region IV HSPF2 to Region V¥ HSPF2
for similar unit types.

The Western portion of MA and the Central/Morth region of CT are considered Region V' in the AHR test procedure.
The Coastal portion of CT and MA are Region 1V, along with the western portion of CT,

Mote: The seasonal efficiency values in this table include all modes of operation (including fan-enly operation) and
are weather normalized,

Based on full metered sample and program data designation of displacemeant lype
Source; Evaluation team analysis

3 Standard heat pump rating conditions are defined in AHRI Standard 210. Rated HSPF is calculated using weighting
factors to reflect seasonal operation across a range of tempearatures, Rating conditions have changed between HSPF
and HEPF2 and thers are also different weighting factors used for different regions, The results hera show the
metered in field performance compared to various equipment ratings.

* Ground source heat pump efficiencies are not listed in Table 3-1 or Table 3-2. GHSPs are not covered by the same
rating metrics as CHP and MSHP, and thus il is not possible 1o make the same comparison with in-sitlu seasonal
gfficiency. Instead of seasonal performance efficiencies, GSHFP heating and cooling performances are rated with

C:OP for heating and energy efficiency ratio (EER} for cooling.
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Table 3-2. Cooling Seasonal Performance Results vs. Rated

Displacement Average In Average Rated A;::gge Systems
Scenario Situ SEER SEER SEER2* included (n)
FD 151 8.7 17.7 44
Central Heat
Pump FD 14.2 i8.4 17.5 35
CHP
Combined 14.7 18.5 17.6 79
FO 185 £0.2 20.3 54
Mini-Split ’
Heat Pump PO 181 206 20.6 42
MSHP
Combined 18.7 20.4 20.4 106

*SEERZ values that were missing from manufacturer documentation were estimated as SEER/1.05.
Mote: The seasonal efficiency values in this table include all modes of operalion and are weather normalized

Based on full metered sample and program data designation of displacement typa
Source: Evaluation feam analysis

Manufacturer rated seasonal efficiencies for central and mini-split heat pumps are generated
using lab tested measurements at a variety of test conditions to mimic real word performance.
However, these procedures may not match the conditions found in actual field operation.
Factors that potentially contribute to these differences between modeled efficiency and
manufacturer rated efficiency include:;

Amount of time spent in defrost and fan-only modes
Short cycling at low loads
Variation in user operational profiles

Condenser installation details (e.qg., direct sun, impeded airflow, soiling on heat
exchangers, etc.)

Potential maintenance issues, such as low refrigerant charge, dirty air filters, or other
installation issues

Differences in the annual temperature profile between actual year and assumptions for
the climate region IV and region V HSPF2 and SEERZ calculations.

Manufacturer reported HSPF2 values are also dependent on the region used to
calculate the building load. The standard HSPF2 value for central and MSHPs are based
on climate region V.
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Manufacturer rated efficiencies for ground source heat pumps are generated using lab
tested measurements at single point test conditions. The modeled efficiency in this study
includes all modes of operation and is weather normalized.

Increased fan power from in situ static pressure characteristics. Manufacturer efficiency
ratings for ground source heat pumps are generated by testing with no external static
pressure. The correction factor to account for this underestimates fan power by 505%.

Average pump power and runtimes were higher than expected for GSHPs. This may be
caused by a relatively low average ground loop temperature delta observed in the
metered data (ranged between 2°F-6°F), which may lead to higher runtimes and low
rates fo generate the required heat transfer for these systems.
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4. Heat Pump and Backup System Usage Results

This section provides results for heat pump and backup system usage, heat pump peak
demand, and backup system controls, In this report, backup system (or “secondary system”) is
used to refer to separate conditioning systems independent from the heat pump. This includes
systems like boilers, furnaces, wood stoves, baseboard heating, and space heaters. Integrated,
auxiliary heating (i.e., electric resistance strip heat) is treated separately.

4.1 Heat Pump Usage

This section provides results for the heat pump usage analysis, including average usage at the
stratum level (heat pump type and displacement type), and observations of heat pump usage
across sites in the metered sample.®’

Key Findings:
Full Displacement Sites

Many customers with FD installs used their heat pumps less than anticipated, including many
sites that used backup heating systems to meet part of the heating loads for the home. Figure
4-1 shows a summary of the program data displacement categorization and the field-verified
displacement categorization for sites across the metered sample, including observations of
usage of backup heating systems. Forty-eight of 114 sites (42%) FD sites appear to use backup
heat for at least a portion of the heating loads, leading to about 8-10% of heating season load
being met by backup heating systems across all FD sites (about 90% of heating load is met by
the heat pump in FD installations for CHP and MSHP and nearly all of the heating load is met by
heat pump in FD installations for GSHP).

T I this report section, the full displacement and partial disptacement classification s based on the measure names
for each sampled customer from the program fracking databases in Massachusetts and Connecticut (based on the
2021-2022 measura naming convention and program reguiremants),,
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Figure 4-1. Program Data vs. Verified Displacement Type Across Metered Sample
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Source; Evaluation leam analysis
Partial Displacement Sites

The team cross referenced multiple survey response and metered data. Several customers with
PD installs used their heat pumps less than anticipated within the zones they were intended to
condition. As a result of the on-site data analysis, the team found that the seven sites with the
lowest heating usage are all sites where the heat pump is used either mostly or fully for cooling
only. The reasons for this differ from setting very high switchover temperatures for heating, to
the customer being concerned about high electricity costs, to the heat pump only being
purchased with the intent of using it for cooling.

There is wide variability in heat pump usage between sites, even when normalizing usage per
ton of installed heat pump cooling capacity. Beyond the findings provided above, there does not
appear to be a common theme for low-usage homes between heat pump type, home size, age
of home, thermostat setpoint, occupancy, or weatherization status.

Stratum-level HP usage is provided in Section 0, and site-specific usage findings are included in
Section 4.1.2 below.
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4.1.1 Heat Pump Usage by Stratum

Table 4-1 shows the average heat pump usage per home by stratum, while
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Table 4-2 shows average heat pump usage normalized per ton by stratum. Those who installed
CHPs and MSHPs for FD had the highest electric usage when normalized by rated cooling
tonnage. However, those who installed GSHPs had the highest annual electric usage for the
whole home, since those systems had considerably higher rated tonnage, and were typically
sized to meet the whole home load while CHPs and MSHPs relied on integrated electric

auxiliary heat and backup heating systerns. PD installations had lower annual electric usage, as
expected.

Table 4-1. Average Heat Pump Usage (Per Home)

Averags Average Average
. Huailaig He?t:ng .ﬁ.u'elra ge Average REI.EI.HI'-’E Heat Average
Displace Season Cooling Precision Pump Home
Season . ' Annual y Tons/
ment . Usage Season an Capacity  Square
I Z Usage h Usage 1,000 SF
cenario Total Auxiliary Usage (kWh) Annual Per Footage
(KWh) Heat (kWh) Usage*™ Home ISF)
: {kWh)* (Tons)
Ef“:fa' FD 5,558 536 1,065 6,612 13% 3.72 2 016 1.84
[=55)
FPump PO 4,458 43 1,239 5,897 20% 443 2T16 1.63
Mini-Spiit FD 5,167 Q 783 5,950 16% 347 1,791 1.84
Heat
Pumip PO 3,224 0 701 3,925 25% 2.98 1,872 1.59
Ground
az:’t“ FD 7 189 29 1404 8.503 16% £.00 2.803 214
Fump

Mote: different strata have different avarage home sizes
*Auxiliary electric heating usage is a subset of the total heating season usage
**Relative precision calculated at the 90% confidence interval, two-tailed

Based on full metered sample and program data designation of displacement type
Sgurce: Evaluation team analysis
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Table 4-2. Average Heat Pump Usage (Per Ton)

Average

i ; Average
" .ﬂwer?ge Heating X verage Average Relative Heat Pump
Displacem Heating Season Cooling Annual Brecision Capacity
System Type ent Season Usage Season Usage s Annual | Pa rpHc_;ma
Scanario Usage Auxiliary Usage {kwsllﬂ Usage™ (Tons)
Total (KWh) (kWh) S 5 '
FD 1,547 145 284 1,831 12% 3.72
Central Heat
Pump
PD 1,027 9 323 1,350 18% 4.43
FD 1,537 0 238 1,774 14% 347
Mini-Split Heat
Pump
PO 1,219 0 231 1,450 20% 2.98
QOUESUe. g 1,220 4 222 1,442 13% £.00

Heal Pump

“Auxiliary electric heating usage is & subset of the total heating season usage
“*Relative precision calculated at the 20% confidence interval, two-tailed

Based on full metered sample and program data designation of displacement type
Souree! Evaluation feam analysis

4.1.2 Heat Pump Usage by Site

The data collected from each site was carefully reviewed to understand the drivers for lower or
higher than anticipated usage. This included cross-examination of the site-specific usage and

performance model results, customer primary survey, end of season survey and fast feedback
interview responses, as well as data collected by the field team during install visits and revisits.

Figure 4-2, Figure 4-3, and Figure 4-4 show the post-retrofit heat pump usage normalized per
ton of cooling capacily. The dashed line shows the average k\Whiton per stratum. Post-retrofit
heat pump usage varies widely across the metered sample,

The team characterized drivers for low usage sites based on review of the site-specific dala.
While this list is not exhaustive of all sites with these potential drivers, the team identified sites
with clear drivers along the categories below:

= Mostly cooling (blue dot}—The four lowest usage PD CHP sites and the two lowest
usage PD MSHP sites use the heat pump mainly for cooling with little-to-no heating. In
these sites, the heat pump is used mainly for cooling with little-to-no heating usage.

= High switchover temperatures or manual override (orange dot}—Eight of the low
usage sites, mostly PD, were identified as having very high switchover temperatures, of
40-45°F, Three of these sites were categorized as FD in the program data (one for CHP,
two for MSHP). On some PD sites, customers indicated that they manually turn the
system on/off whenever heat is needed.

« Partial home (purple dot)—Some heat pumps were identified as serving only part of a
home, including spaces that are not continually occupied during the day, such as
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basements, sunrooms, or bedrooms. The team identified 16 sites (10 FD and 6 PD)
where the HP served partial homes.

« Displacement category (red dot)—15 FD sites appear to operate as PD. Of these
sites, five are identified to only serve part of the home. These sites identified as having
PD operation but were identified as FD in the program data, These sites had backup
system usage.

s« Customer reporting various issue with heating season comfort (black star)—
Seven customers, with varying levels of usage (from low to high), reported some issues
with their heat pump keeping them comfortable at colder outdoor air temperatures. One
FD customer re-connected their previously disconnected backup heating system.

Below are some verbatim responses from these customers. One common theme that emerged
from several customer responses is the fact that they wish they had opted for a heat pump
model that was designed to support higher output capacity in low outdoor air temperatures.
These heat pumps were installed in 2021/2022, and program guidelines have since changed in
recent years (2023/2024) requiring installation of units with higher low temperature outpul
capacity relative to the rated output capacity. This change may reduce the issue in future
prograrm years. Only two (17625776 and 72205392) of the seven sites listed below had Energy
Star v6.1 rated cold climate heat pumps installed. *® Both sites had minimal-to-no heat pump
usage data below 30 degrees. Due to the lack of data at low temperatures at these two sites, it
is difficult to verify whether the systems were in fact not performing well.

o 11785516 (CHP, FD)—"It's very inefficient when temperatures drop below 40 degrees
=

» 17625776 (CHP, FD)}—"We have to keep the house colder in order for it to not run all the
time. The costs are significantly higher than we expected. We also believe the seller sold
us a unit that was too small for our house”

« 30700252 (MSHP, FD)}—"We, unfortunately didn't purchase the "hyper-heat" system b/c
we were primarily concerned about cooling...During cold periods, the system isn't as
able to maintain the heat'temperature throughout all 3 floors of our condo. So we're just
using the split system (heat pump) to cool our small finished basement area and our 1st
(main floor). We're using the standard electric baseboard heat on the 2nd level, bic we
have a pretty big space in our master bedroom (it has a loft within it)."

= 59919510 (MSHP, FD)—"My heat pump was significantly undersized, perhaps because
the first floor is open to some space on the second floor, perhaps just because it was
poorly designed...Not strong enough to heat the house.”

o 67532943 (CHP, FD)—"MNo Heat when below 25 degrees”. Customer stated that they re-
hooked up their existing oil boiler to supplement their heat pump.

s 72205392 (MSHP, FD)—"They don't provide enough heat" | wish | had bought the ones
that work in a lower temp”

= 89492022 (CHP, FD}—"Sometimes it doesn't work as well in extremely cold weather.”

58 Exact criteria for Energy Star v6.1 Cold Climate designation |s provided here:

hitps:fwww energystar.govisites/defaultMizs/asset/documentENERGY % 205 TAR S 20Version% 206, 1 W 20Central %2
OAIrn20Conditionerta20and%20Heat % 20Pump%20Final%20Specification%20% 28Rev. %20 anuany%e20% 202022 %
29.pdf
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Figure 4-2. CHP Post-Retrofit Usage Per Ton
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Figure 4-3. MSHP Post-Retrofit Usage Per Ton
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Figure 4-4, GSHP Post-Retrofit Usage Per Ton
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Heat pumps serving partial homes is a common occurrence, as Figure 4-5 shows.™ For FD
installations, customers note that their heat pump serves their entire home for 83% of CHP

installations, 75% of MSHP installations, and 84% of GSHP installations. As expected, a smaller

proportion of PD installations serve the entire home.

Figure 4-5. Areas of Home Served by Heat Pump
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4.2 Heat Pump Peak Demand

This section provides a summary of peak demand for the heat pumps included in the metered
sample, including average peak demand coincident with utility peak periods, as well as the
average maximum (non-coincident) demand. This section also shows average hourly demand
on the coldest days during winter 2022/2023 and 2023/2204.

Table 4-3 includes an overview of the coincident peak period definitions for both On-Peak and
Seasonal Peak savings periods.™

% This figure displays customar responses from the primary customer survey, which was fielded to all program
participants, not just the matered sample. Primary customer survey plots show responsas from customers who
installed fuel displacement heat pumps in 2021 and 2022 for CT. and only in 2022 for MA.

0 On-peak and seasonal peak demand savings penods are consistently defined in the MA Technical Reference
Manual (TRM} and CT Program Savings Document (FSD),
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Table 4-3. Coincident Peak Period Definitions

Summer Seasonal Winter Seasonal

Summer On-Peak  Winter On-Peak

Peak Peak
Non-holiday Nodromiay Non-holiday Non-holiday
: weekdays in : .
Days weekdays in June, Dacarnber-and weekdays in June,  weekdays in June,
July, August January July, August July, August
All hours exceading  All hours exceeding
90% of the most 80% of the most
Times 1 p.m.-5 p.m. 5 p.m.-7 p.m. recent 1ISO-NE recent ISO-NE
S0/80 system peak  50/50 system peak
load forecast®! load forecast
Uwsi?;rigrr‘ Actual weather Actual weather data
Eaad ThY % ThMYx data for the |S0O-NE  for the IS0-NE
Modeling performance penod  performance period

ThY x typical weather spans the years of 2007-2021, ISO-NE perfarmance period spans Summer 2008-Winter
202324,

Source: Massachuselts Technical Reference Manual and Connecticut Program Savings Document

Table 4-4 provides the average peak demand values for the winter season, including winter on
peak, seasonal peak, and the average maximum winter peak demand across all sites.” The
peak demands are summarized for each heat pump type and displacement type, and are
normalized per ton of installed heat pump cooling capacity.

M Independent Systern Operator of New England (2023). “Forecast Report of Capacity, Energy, Loads, and
Transmission. " https:www.iso-ne.com/system-planning/system-plans-studies/celt.

5 The average maximum peak demand first identifies the highest hourly peak demand during the winter period for
each site, and then averages those maximum hourly demand valugs across all sites in the sample,
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Table 4-4. Heat Pump Winter Peak Demand (per Ton)

. Average
. Winter Wintes Heat
Winter On Average
Displacement Peak Saasanal Maximum Pump
System Type = T ; Component Peak Capacity
ype Demand Demand Peak Per
(kW) I:-kW'} Demand =
HP 0.333 0.470 1.351 3.7z
FD Auxiliary 0.038 0.112 0.672 3.72
Total 0,371 0.582 1.666 3.72
Central Heat Pump
HP 0.251 0.205 0.910 4,43
FD Auxiliary 0.003 0.004 0,007 4.43
Total 0,253 0.208 0,817 4.43
HP 0.382 0.546 1.005 3.47
FD Auxiliary - - - 347
Mini-Split Heat Total 0.392 0.546 1.005 347
Pump HP 0,303 0,423 1.048 2.98
PD Avnciliary - - . 294
Total 0,303 0423 1.048 2.98
HP 0.283 0.420 0.809 6.00
Ground Solrce .
Heat Pump FD Auxiliany 0,001 0,004 0,030 6.00
Total 0.283 0,424 0.834 6.00

Based on full metered sample and program data designation of displacement type
Source: Evaluation feam analysis

Table 4-5 provides the average peak demand values for the summer season, including summer
on peak, seasonal peak, and the average maximum summer peak demand across all sites.™
The peak demands are summarized for each heal pump type and displacement type, and are
normalized per ton of installed heal pump cooling capacity.

% The average maximum peak demand first identifies the highest hourly peak demand during the winter periad for
each site, and then averages those maximum hourly demand valugs across all sites in the sample,
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Table 4-5. Heat Pump Summer Peak Demand (per Ton)

Summer
Summer On sSummer Average

Average Heat
Displacement Pump

Systemn Type Peak Demand Seasonal Peak Maximum

Type Capacity Per

(kW) Demand (kW) Peak E;erand Home (Tons)
FD 0.159 0316 0.557 372

Central Haat Pump
PD 0.195 0.407 0.785 4.43
Mini-Split Heat FD 0.125 0.266 0.426 3.47
Pump PD 0.128 0.290 0.503 2.98
Cann e FD 0.134 0.238 0.406 6.00
eal Pump

Based on full meterad sample and program data designation of displacemeant type.
Source: Evaluation team analysis

All peak demand values presented above are for a typical year, based predominantly on
metered data collected from a relatively mild winter (23/24)*, In order to quantify the potential
peak demand impacts in a colder year, Figure 4-6 below shows a comparison of the peak
demand on the coldest day of the two metered heating seasons (February 4, 2023 and January
20, 2024), showing the average hourly demand for the FD sites that removed or disconnected
any backup heating sources, and for the subset of sites that had metered data collection during
both of the winter peak coldest days.

For FD sites, the compressor demand varied between about 2-3 kW across all system types,
while the average auxiliary electric resistance heat demand peaked around 6 kW during the
morning hours on February 4, 2023, for CHP sites. For CHF sites, the combined system (HP
and auxiliary heat) peak was 8 kW in 22/23, compared to only about 2.5 kW in 23/24, which
indicates the significant impact of auxiliary heat on peak demand in colder years.

# The 50 Wave 1 sites had data in the colder winter of 22/23, but the remaining sites only had data from winter
2324,
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Figure 4-6. Metered Peak Day Load Shape, Full Displacement Sites
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Figure 4-6 only includes data for the subset of sites with metered data in both metered heating
seasons. Figure 4-7 below shows the average hourly demand for all FD sites with metered data
collection in the Winter 23/24 period. For this relatively mild winter day (temperatures averaging
approximately 15 °F), total heating demand was highest for CHP sites with use of auxiliary
electric heat as well, and lowest for GSHP sites. Additionally, the peak demand for CHP for this
larger set of sites is almost double the peak of the smaller subset in Figure 4-6 for the same day
in Winter 23/24, which indicates that the sample included in Figure 4-6 may be biased towards
low usage sites. Based on this, il is reasonable lo expect thal the true average demand on the
much colder day in Winter 22/23 may actually be higher than what is shown in Figure 4-6.
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Figure 4-7. Average Hourly Demand, Full Displacement Sites
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4.3 Backup and Auxiliary System Usage

This section provides findings for the backup and auxiliary system usage analysis, including the
proportion of load in the heating season met by the various heating sources, prevalence of
backup heating systems in customer homes, and the control methods for heat pumps and
backup heating systems. Findings in this section are derived from the customer surveys,
customer interviews, and onsite metering of heat pumps and other systems. Customers
included in this section had backup heat {boilers, fumaces, wood stoves, baseboard heating,
space heaters), auxiliary heating (integrated electric resistance heating built into the air
handler), or a combination of both.

Key Findings:
Full Displacement

= About half of all FD customers reported having a backup heating source in their homes,
although those with MSHPs were more likely to report having a backup heating source
than those with CHPs. FD customers in Connecticut reported slightly higher prevalence
of backup heating systems than those in Massachusetts. At these homes, the backup
systems were sometimes whole home backup systems (e.g., furnaces, boilers), and for
other homes, there was varying use of pellet/wood/gas stoves or fireplaces (used for
both home heating and for ambiance).
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For FD customers with backup heating systems, about 60% reported using them during
milder winter periods, and 75% during the coldest periods. Those in Connecticut
reported using their backup heat more frequently; those in Massachusetts were more
frequently reporting using their backup heating “only in emergencies”, while others were
reparting a variety of usage across the heating season. Customers with wood heating
reported higher frequency of use than those with other heating system types.

Analysis of the FD metered data suggests that about 85-80% of home heating load was
met by the heat pump in FD installations for CHP and MSHP. In these homes, backup
heat meeting about 10% of the heating load. Auxiliary electric heat met a few percent of
total load for CHP FD installations. For CHP FD installations, auxiliary electric heat
meets about 10-20% of the average homes heating load below 0°F .5

Analysis of metered data suggests that GSHPs met almost all heating load of the home
(99%).

For FD customers who used backup heat, about 15% indicated comfort concerns as a
reason to use backup heat, and a similar number of customers indicated concerns of
heating costs associated with their heat pump (especially during the coldest winter
periads). Other customers enjoy using wood healing sources for ambiance.

Partial Displacement

About 80% percent of customers with PD installations reported having additional heating
sources in their home, and for those with backup heat, about 80% reported using the
backup heating systems over the winter period,

For PD installations, analysis of metered data suggests that the heat pump met about
65% of the homes heating load over the winter for sites with CHPs, and 79% for sites
with MSHPs, leaving backup heating systems to meet the remaining load.

PD customers were motivated to use backup heal because they were concerned about
heating costs with their heat pump, their integrated controller was set to automatically
switch over, or their backup heat serves parts of their home that their heat pump does
not.

4.3.1 Backup and Auxiliary Usage by Temperature

Section 2.5.8 details the methods used to estimate the proportion of heating system load met by
the heat pump, backup, auxiliary heating systems. Figure 4-8 shows the average proportion of
the home heating load that was met by the heat pumps, integrated auxiliary electric resistance
heat, and other backup systems, by outdoor air temperature and heat pump type. For bath FD
and PD installations, customers used heat pumps to meet most of the heating load in the home
above 40°F, Below this temperature, the portion of the home’s heating load that was met by the
heat pump starts to drop while the portions met by backup systems (FD and PD) and electric
auxiliary (FD only) rise.

%8 This value has high uncertainty, with limited hours below 0°F during the metered period.
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Figure 4-8. Backup and Auxiliary System Usage by Temperature Bin
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For CHP FD sites, the heat pump load decreased from about 90% of the home's heating load at
40°F to about 30% at -10°F. Auxiliary electric heat increased steadily from 0% at 40°F to 30% at
-10°F. The remaining load was handled by other backup heating systems, including furnaces,
boilers, wood/pellet stoves or fireplaces, and baseboard heat, which increased from about 5% at
40°F to a maximum of about 30% at -10°F.

For CHP PD siles, as expected, the proportion of the load mel by the heat pump declined more
steeply at lower temperatures, ranging from about 85% of the home's heating load at 40°F to
about 20% at -10°F. Backup heating systems made up the remaining load, while auxiliary
electric heat usage was negligible for these sites.

MSHP sites showed similar trends, though the heat pump met more of the load on average than
the CHP sites. For MSHP FD sites, the heat pump load proportion declined from about 95% at
40°F to 70% at -10°F, while for MSHP PD sites it ranged from about 80% at 40°F to 40% at
-10°F. Backup heating systems made up almost all of the remainder of the load at these sites.®

5 The load is the full home for all heat pump types within this analysis. Sites that were identified in which the installed
system only conditioned part of the house were removed from the load proportions analysis.

57 The small amount of auxiliary electric heat shown for MSHP sites comes from sites that installed both an MSHP
and a CHP. The program data classified these as MSHP sitas,
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Sites with GSHPs showed minimal backup heat usage, with the heat pumps accounting for
almost 100% at 40°F and declining only to 90% at -10°F. Backup heat systems were present at
about half of GSHP sites.

Figure 4-9 shows the average annual heating load in each temperature bin and the proportion of
that load met by each type of heating source (heat pump, auxiliary heat, and backup heating).
This figure provides important context for Figure 4-8. For example, while the Figure 4-8 shows
that a relatively large proportion of FO CHP sites’ heating load is met by auxiliary and backup
heating at -10°F, Figure 4-9 shows that the overall annual total amount of heating load met by
these non-heat pump sources is still relatively small for FD CHP sites. However, it is also
important to note that although the seasonal energy consumption due to auxiliary heat usage at
low temperatures is small, the associated peak demand impacts are significant, as discussed in
Section 4.2,

Figure 4-9. Whole Home Heating Load Source by Temperature Bin

F ol elisserlan e res 1l Full e diatw=med Full gl
Connimel HF Wl SR i Gt Sournn
15000
10000 |
0 —— i!.r'- Al I’LE - . o ’Eﬂ.l I&
L 1@ O 1 3 30 40 50 & TO
Canitral HP Rlirw B i

§

Average Whole Homs Tolal Haaling Load (kBbu)
g

:

""'lllhﬁ_ ﬁ_.ﬂﬂllh_

A0 0 W X W 40 ) 8 T i D W 20 30 40 80 an 7O
Oadoor Tomperature (F)

L=

L e Purg . Honlmry et Ml B Haalreg Syules

Basad on full metered sample and program data designation of displacemant type
Source; Evaluation feam analysis

Table 4-6 summarizes the proportion of the heating load met by system type across the entire
heating season. For the FD sites, the heating load proportion met by the heat pump ranged from
86%-99% based on heat pump type, while for PD sites it ranged from 65%-79%.
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Table 4-6. Proportion of Heating Season Load Met by System Type

Proportion of Proporticn of Proportion of
Displacement Heating Load Heating Load Heating Load Met -
Heat Pump Type Type Met — Heat Met — Auxiliary Backup Heating
Pump Electric Heat Systems
Central HP FD 86% 4% 10%
Central HP FD 65% 0% 34%
Mini-Split HP FD 91% DY %
Mini-Split HP PD TO% D% 21%
Ground Source HP FD 98% 0% 1%

Based on full metered sample and program data designation of displacement type
Source: Evaluation team analysis

4.3.2 Backup System Usage

The findings from the heat pump and secondary heating systems metered analysis are
reinforced by responses to the customer surveys. In the end of season survey fielded to the
metering study participants, 49% of FD customers and 82% of PD customers indicated that they
have additional heating sources, as Figure 4-10 shows.

Figure 4-10. Prevalence of Backup Heating Systems
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Source: Evaluation feam analysis

As compared with installations in Massachusetts, those in Connecticut reported an
approximately 10% higher prevalence for having backup heating sources across the FD
displacement type, for both CHP and MSHP equipment types, as Figure 4-11 and Figure 4-12
show. However, there was not a significant difference reported between states across
respondents with MSHPs in the PD displacement type.
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Figure 4-11. Home Heating Sources, FD Installs
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Figure 4-12. Home Heating Sources, PD Installs
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Customers were also asked if they used their additional heat source during the past winter
(2023-2024). Of the FD customers in the metering study, 75% responded they used the
additional heat source during the recent January 2024 cold period, where temperatures dropped

to 14°F, and 64% responded they used the heat source prior to the cold period, as Figure 4-13
shows.
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Figure 4-13. Use of Backup Heating Systems During Winter 23-24, FD Installs
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Of the PD customers, 86% responded they used the additional heat source during the recent
January 2024 cold period, and 78% responded they used the heat source prior to the cold
period, as Figure 4-14 shows.

Figure 4-14. Use of Backup Heating Systems During Winter 23-24, PD Installs
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When asked why they used their additional heat source (Figure 4-15), about 20% of
respondents indicated concerns that the heat pump would not be able to fully heat the home or
that they wanted to be proactive to ensure that their home stayed warm enough. A similar
amount expressed concerns about the electricity costs associated with heat pump heating. In
review of respondents who indicated “other” reasans for using their backup heating sources,
about half of FD respondents with backup heat indicate that they had a wood stove or fireplace
that they either used for ambiance, or to heat areas of the home that were not served by their
heat pump. Two of the FD respondents said that their heat pump was unable to “keep up” and
keep them warm, which spurred their use of backup heat. Many of the PD respondents
indicated that they used their backup heat because it was set to automatically turn on.
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Figure 4-15. Customer Motivations for Use of Backup Heating Systems
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When asked how often the additional heat sources are used, responses varied significantly by
state, as Figure 4-16 shows. For this smaller sample from the metering study end of season
survey, the FD customers in Connecticut responded that they used the additional heat source
“very frequently” at much higher rates. About 40% of the FD customers in Massachusetts
responded with “only in emergencies or on the coldest days.”

Figure 4-16. Frequency of Backup Heating System Use - FD
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Source: Evaluation team analysis

4.3.3 Backup System Control
This sectlion provides findings on backup heating system control strategies and practices.
Key Findings:

« Most customers whao initially installed an integrated control (IC) indicaled thal the IC was
still installed (350 of 3593), however, fewer (259 of 350) reported still using the IC to
automatically switch between their heating systems (especially for those with MSHPs).

= The most common reported switchover temperatures are in the 30°F-45°F range, with
30°F-34°F being the most common, however, a large portion of customers do not know
their switchover temperature. Review of onsite metered data showed about 70% of PD
sites with CHPs and 20% of sites with MSHPs had a consistent switchover temperature
throughout the metered period. Switchover temperatures ranged between 15°F-40°F
(average 25°F) for those with oil backup heat, and 20°F-40°F (average 30°F) for those
with natural gas backup heat.

s« Customers who did not use an |IC to auto-switch reported turning on their backup
systems manually or using a separate thermostat. Of the customers who reporied
having multiple thermostats, over half (56%) report using the droop method.
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= A majority (83%) of customers reported that their contractor programmed the switchover
temperature on their integrated controller during installation. For customers who say the
contractor installed the control, 68% reported that the contractor explained how to
operate it.

e 83% of PD respondents with installed and working integrated controls (n = 343), said
they were satisfied with the operation of their integrated controller.

4.3.3.1 Method of Control

Both the Primary survey and the End of Season surveys asked customers about their method of
controlling backup systems. From the Primary survey, about 95% of customers with CHPs
indicated as PD reported that the integrated control is still installed, and 90% for MSHPs. For
those reporting that they had an integrated control, 90% of those with CHPs and about 65% of
those with M5HPs indicated that they used the |C to automatically switch the operation of their
heating systems.

From the End of Season survey (n=134), for the customers who responded "yes" to having used
their additional heating sources this winter (n=68), 45% of PD customers across all heat pump
types responded that they used an integrated control or the same thermostat as the heat pump,
as shown in Figure 4-17. About 27% of these customers responded that they used a separate
thermostat, and 21% stated that they controlled their backup heat source manually. Most
customers who responded “other” indicated they were operating a wood stove.

Figure 4-17. Control Method for Backup Heat
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When asked the same question, 40% of FD (mostly MSHP sites — 10 of 14) customers with
backup heat indicated they control their backup system manually, and 26% stated that it is
controlled by its own separate thermostat. Of the 18 sites {mostly MSHP sites — 13 of 18) that
indicated that they use a separate thermostat for multiple heating systems, a majority seemed to
use the droop method for operating their systems (56%, or 10 of 18), as Figure 4-18. Control
Method for Multiple Thermostals shows.

Figure 4-18. Control Method for Multiple Thermostats
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4.3.3.2 Switchover Temperatures

The most common reported switchover temperatures are in the 30°F-44°F range, with
30°F-34°F being the mosl common, as Figure 4-19 shows. The MA program guidelines dictate
different switchover temperatures for customers with backup natural gas, cil, and propane fuel
types. As of 2023, the CT program quality guidelines suggest a switchover temperature of 30°F
or lower in the Air Source Heat Pump Quality Installation Checklist.®®

% Energize CT {(2022). “Air Source Heat Pump Quality Installation Checklist,”
https:ifenergizect, com/sites/defaultfiles/2023-04/Air% 20 Source % 20Heat % 20Pump%20C heck-List pdf
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Figure 4-19 and Figure 4-20 show the customer-reported switchover temperature by pre-
existing fuel type for CHP and MSHP units, respectively. The plots also show the revised
switchover temperatures for customers that changed their IC setting after their heat pump
unit(s) was installed. For CHP installs, about 34% of PD customers who reported having an IC
installed did not know their IC switchover temperatures. For customers who instalied CHPs that
did know their switchover temperature, the majority reported settings between 30°F-44°F. About
25% of CHP customers reported changing their switchover temperatures post-install, and they
were primarily switched to lower settings in order to use the heat pump more often. For those
who reported having ICs installed for MSHPs, about 80% reported not knowing their IC
switchover temperature. For those that do know, settings between 30°F-44°F were most
commaon.

Figure 4-19. Original vs. Revised IC Switchover Temperature by Pre-Existing Fuel Type -
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Figure 4-20. Original vs. Revised IC Switchover Temperature by Pre-Existing Fuel Type —
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Figure 4-21. Operation of Heat Pump System(s) provides an overview of customer reported
temperature setpoint operation of their heat pump systems. Aboul 20%-25% of FD customers
with CHPs and MSHPs reported using a constant space temperature setpoint, and about 50%
for those with GSHPs. A large portion of customers change their temperatures setpoints through
a programmed schedule or by manually changing the setpoinis over time. It is more common for
PD customers, especially those with MSHPs, to manually turn their heat pump on and off.
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Figure 4-21. Operation of Heat Pump System(s)
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5. Customer Experience

This section provides findings from the customer surveys and interviews on topics related to
customer satisfaction and experience with their heat pumps, customer comfort, heating costs,
and any maintenance issues with the heat pumps.

5.1 Overall Experience

The customers in the metered sample who responded to the End of Season survey (n = 134)
were asked about the greatest advantage and disadvantage of their heat pumps and if they
would install a heat pump again, Overall, customers were satisfied with their heat pumps and if
given the opportunity, would install a heat pump again, Detailed responses include:

Overall Heat Pump Experience—95% of respondents said they would install a heat
pump again if they were to go back in time. However, 20% of respondents said they
would install a different type of heat pump. Overall respondents who indicated that they
would install a different type of heat pump did not note changing heat pump types, i.e.,
MSHP to CHP, but instead that they were interested in performance upgrades (most
respandents indicated that they would opt for a heat pump that performs better in the
cold weather or has a larger capacity).

Greatest Heat Pump Advantage—\When asked about the greatest advantage of their
heat pumps, customers responded with cost, carbon reduction, and efficiency (n = 134).

Q

Reduced Overall Cost—43 out of 134 respondents (32%) cited cost savings
alone, or cost savings due to reduction of oil consumption as a benefit,

Carbon Reduction—33 out of 134 respondents (25%) cited carbon reduction,
eliminating fossil fuels, or using a cleaner source of fuel as a benefil.

Efficiency—28 out of 134 respondents (21%) cited energy efficiency as a
benefit.

Heating and Cooling—20 out of 134 respondents (15%) cited having heating
and cooling from one unit as a benefit, while 16 respondents (12%) cited the
addition of cooling as a specific benefit.

Other—Customers responded with a variety of additional benefits, including
comfort (13 customers, 10%), benefits of pairing a heat pump with solar panels
(11 customers, 8%), quiet operation (8 customers, 8%), and improved indoor air
quality from elimination of burning fossil fuels locally (3 customers, 2%).

Greatest Heat Pump Disadvantage—\When asked about the greatest disadvantage of
their heat pumps, customers responded with increased electricity cost, cold weather
performance, and difficulty operating the heat pump {(n = 136).

8]

Increased Electricity Bill—20 out of 136 respondents (15%) cited increased
electricity bills, and high electricity rates as a disadvantage for using their heat
pumps.
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o Cold Weather Performance Impact—18 out of 136 respondents (13%) cited
poor performance in cold temperatures.

o Difficulty of Operating—9 out of 136 respondents (7%) cited difficulty with
operating, specifically issues concerning difficulty understanding the integrated
control, complex control systems, and poorly designed control software.

o Installation and Maintenance Costs—8 out of 136 respondents (6%) cited high
installation and maintenance costs, including costs of repairs or replacement
parts.

Other—Customers responded with a variety of other disadvantages, including
noise (6 customers, 4%), low humidity (2 customers, 1%), discomfort due to
defrost cycling (2 customers, 1%), and amount of physical space taken up by the
outdoor unit (2 customers, 1%).

o

5.2 Maintenance

Based on responses from the End of Season survey for the metered participants, most
respondents reported no maintenance issues. 18 out of 134 respondents (13%) said that they
have experienced maintenance issues with their heat pumps (9% of CHP and 19% of MSHP
responses™). The issues fall under these main categories:

Performance issues—23 out of 134 respondents (2.2%), said these issues impacted
their heat pump’s performance during Winter 2023-2024.,

Condensate issues—4 out of 134 respondents (3.0%) identified condensate issues.
This includes condensate build up around the inside of the unit, heavy condensate
dripping, overflowing condensate due to poorly installed drains, and poor installation of
condensate piping.

Circuit board issues—3 out of 134 respondents (2.2%) identified circuit board or
control panel issues. This includes circuit board issues which caused the unit to not
operate, an electricity cutage which damaged the control panel, and a circuit board
which shorted with no known reason, though the customer thinks it might have been a
rodent issue. Customers cited long wait times to get replacement parts.

Refrigerant leaks—2 out of 134 respondents (1.5%) identified refrigerant leaks as their
maintenance issue. When reviewing the primary survey responses to a similar gquestion,
a slightly higher fraction of respondents (3.4%, 41 out of 1,223) cited refrigerant leaks,
with aver half having leakage 1 time. Customers with MSHPs were maore likely to cite
refrigerant leaks than CHPs. A majority of customers reported that their refrigerant
leakage repair cosl them $0.

Other issues—Respondents identified some other issues. These include the inside heat
pump vanes staying closed, the heat pump going offline during a blizzard , loud sounds
when the outside temperature reached freezing, thermostat or control issues, high
humidity in the home, and issues with auxiliary heating operating too frequently or not at
all,

 Only 1 GSHP respondents indicated that they had maintenance issues,
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5.3 Comfort

Occupants were surveyed on their comfort levels during both the Fast Feedback Interviews (n=
13) and the End of Season survey (n = 136). Details on both of these surveys, including when
they were fielded and what portion of the participants they were fielded to, can be found in
Section 2.2.

5.3.1 Comfort During February 2023 Cold Snap

The Fast Feedback survey was fielded as a phone interview to Wave 1 FD customers following
the weekend of the February 3-5, 2023, cold snap where temperatures reached record lows in
Massachusetts (as low as -13°F, with windchill temperatures as low as -41°F). Out of the 25 FD
participants, 13 completed the phone interview (52%).

Key findings include:
= Overall, 10 out of 13 (77%) FD customers were satisfied with the performance of their

heat pumps during the Feb 2023 cold snap and did not use any backup systems.

e Of the remaining three customers, two used backup systems as a pre-emptive measure
or for ambiance (in the case of wood/pellet stoves), not as a result of being too cold.

= Only one customer showed electric auxiliary heating during this period,

= Only one customer reported significant issues with being too cold, however their issue
may have been caused by improper configuration of their HYAC controls by the
conlractor,

Detailed findings include:

Backup heating and system operation:

* Most respondents had some form of backup heat — though not always a whole-home
heat source (i.e., pellet stove)

s There was significant variation on the use of backup heat during the sub-zero
temperatures on February 3™ through 5" 2023, including many customers that noted the
potential automatic kick-on of auxiliary heat (though only one case of auxiliary heat
usage was noted). Most respondents noted that they felt warm (or warmer than room
temperature) air from the ducts/heads, though some systems were supplemented with
backup or auxiliary heat.

= Many of the customers wanted to "test” their heat pumps during this time, so generally
they didn't proactively turn on the backup heat.

= One interviewee explained that their motivation for turning on backup heating was driven
by unconditioned basements that are susceptible to freezing pipes.
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Thermostat controls:

Across the group of respondents, there is significant variation in how HP systems are
controlled. Some have sophisticated automated controls, whereas others are manually
controlling their heat pump.

Many customers indicated that they adjust the temperature throughout the day. Some
customers with MSHPs indicated that there has been a learning curve associated with
setpoint selection: learning how heat pump output air temperature impacis room air
temperature.

Some customers explained that they used to change the temperature on their heat pump
but heard that it was better to leave it at a consistent temperature and have since
changed their behavior.

5.3.2 Comfort During Winter 2023-2024

This section provides a summary of customer comfort during winter 2023-2024, as determined
through the End-of-Season customer survey.

When asked about satisfaction with their heat pumps ability to warm their space during
normal winter weather, 84 out of 90 (93%) of FD customers and 38 out of 44 (86%) of
PD customers responded “satisfied"””. During cold periods, this dropped slightly to 77
out of 90 (86%) of FD customers and 30 out of 44 (68%) of PD customers. This is shown
in Figure 5-1.

Similarly, when asked about satisfaction with their heat pumps ability to meet the heating
needs of the space during normal winter weather, 87 out of 90 (97%) of FD customers
and 38 out of 44 (87%) of PD customers responded "satisfied". During cold periods, this
dropped slightly to 75 out of 90 (84%) of FD customers and 31 out of 44 (70%) of PD
customers. This is shown in Figure 5-2.

Overall, respondents indicated that they are satisfied with their heat pump's ability to meet the
heating needs of their space compared to their previcus heating system. Both FD and PD sites
indicated higher rates of "satisfied” during normal winter weather to cold periods. 83 of 90 (92%)
FD respondents responded “satisfied" during normal winter weather, while only 73 of 90 (81%)
responded “satisfied” during cold periods. This difference was shown even more for PD sites,
with 37 of 42 (88%) respondents indicaling “satisfied” during normal winter weather and 25 of 42
(59%) noting “satisfied” during cold periods. This is shown in

Figure 5-3.

T 'Satisfied” includes both “extremely satisfied” and "moderataly satisfied” responses.
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For customers who responded “dissatisfied” with their heat pump's ability to warm or meet the
heating needs of the space, the reasons listed included:

« Space too cold: FD customers mostly responded that their homes were too
cold, or the heat pump did not heat up the space quickly enough. One PD
customer indicated poor circulation of air due to placement of air handler at the
top of a vaulted celling room.

« Electricity costs: Other PD customers indicated high electricity costs.
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Regardless of displacement type, 88-89% of respondents said their home maintained normal
temperature during the most recent cold period. Six percent to 11% of respondants indicated
their heat pump did not maintain normal temperature, or indicated they did not know if it did.

This is shown in Figure 5-4 and Figure 5-5 below.

Figure 5-4. Home Temperature Maintenance During Cold Period (FD)
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Figure 5-5. Home Temperature Maintenance During Cold Period (PD)
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Of the customers who indicated that their home did not maintain its normal indoor temperature
(n=13), 60%-62% (n=8) indicated that temperatures dropped by 3°F to 5°F, as Figure 5-6
shows. The two customers who responded with a 15°F-17°F drop are also customers who were
flagged as having potentially undersized systems in Section 4.1.2. The customer who indicated
a 9°F-11°F drop is a PD customer with an IC setpoint of 40°F, so the heat pump is not running
at cold temperatures, and thus is not the cause of the customer's discomfort.
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Figure 5-6. Degree of Temperature Drop in Home*
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*1 GSHP respondent indicated that their home's temperature dropped 4°F during the cold period,
Source; Evaluation leam analysis

5.4 Cost of Operation

In the End of Season survey, customers were asked about their electricity bill expectations and
the impact of electricity cost on their usage of their heat pumps. Figure 5-7 and Figure 5-8 show
distributions for electric bill expectations and whether energy costs impacted heat pump
operation.

Key Findings:

About 85 out of 134 (63%) of respondents are either extremely salisfied or moderately
satisfied with the cost of operating their heat pump(s). 28 out of 134 (21%) are neither
satisfied nor dissatisfied.

The main cause of dissatisfaction was that the cost of electric heating being higher than
the cost to operate their previous heating system.

39 out of 134 (29%) of respondents claimed that higher energy costs impacted how they
ran their heat pumps.

Among respondents who changed their heat pump operation based on cost, one third
used their backup systems more, either manually or by increasing the switchover
temperature on their integrated controller. Two thirds lowered their thermostat setpoints
or only heated certain rooms. One respondent avoided using their heat pump entirely in
favor of their prior heating system.

Very few respondents indicaled that cosls were less than expected, but overall
respondents indicated that costs were either higher or about what they expected.
Respondents with FD systems were slightly more likely than those with PD systems to
see their electric bills match their expectations.
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Figure 5-7. Electric Bill Expectations
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Figure 5-8. Energy Costs Impact on Heat Pump Operation
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Cluestions about cost of operation were also asked during the Fast Feedback Interviews
conducted with Massachusetts sites in February 2023, Custorners reported that:

« Many customers were generally aware of increased electric rates (primarily from media
sources). Though customers seem to have a general sense of increased rates, the
relative increase and cost between different fuels was not well understood by the
interviewees.

« Nearly half of interviewees mentioned that their jurisdiction participates in a community
choice aggregation rate, so they may not have seen the full impact of more recent
increases in electric costs.

« Customers did not seem overly concerned with their bills and many mentioned that the
rates could be comparable to an oil system at this peint. Very few changed behaviors
due to energy rates. Some said, "Ask me again about how | feel at the end of the winter."
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6. Measure Impacts

This section provides the results of the overall measure impacts, including the change in usage
for the typical customer installing heat pump(s) to displace pre-existing electric resistance or
fuel-fired space heating systems. The measure impacts account for the overall change in
consumption of electricity (kWh) and natural gas, oil, propane, and wood (aggregated to total
MMBtu). The measure impacts are provided as overall deemed savings per measure in Section
6.1, Section 6.2 provides parameter estimates to apply to energy savings algorithms for the
Connecticut Program Savings Document (PSD),

6.1 Deemed Savings Impacts

This section provides deemed measure impacts for two different analysis scenarios as
described below. The measure impacts are the average savings for the typical heat pump
installation across the entire program. The deemed measure impacts are the difference
between the blended baseline energy consumption and the post-retrofit energy consumption for
the average heat pump installation.

The measure impacts values are provided for each program measure, which are categorized by
heat pump type, displacement type, and the customer's pre-existing heating fuel type. Section 0
provides an overview of the major analysis and measure impacits rollup steps used to derive
these measure impacts, Below is a high-level summary of the various measure impacis data
inputs for each of the two scenarios:

= Post-Retrofit kWh: For the primary scenario, the average post-retrofit heat pump
electrical usage is derived from the full onsite metering sample, and represents the
average weather normalized annual electric usage of the heat pump. Per the onsite
sample design as outlined in Section 2.3, the post-retrofit heat pump usage is
aggregated to the stratum level (defined as each unigue heat pump type and
displacement category) and is nol further broken out by the pre-existing heating fuel
type. For the alternative measure impacis scenario, the analysis includes the full
displacement sites that removed or disconnected the pre-existing heating system in the
home. Appendix A provides additional detail on the methods used to identify sites that
met this criteria.

* Blended Baseline kWh and MMBtu: The baseline HVAC equipment electric and fuel
usage required to meet the same Btu energy oulput of the metered heal pumps was
modeled. The baseline electric and gas usage vary by the measure’s pre-existing
heating fuel type based on the unigue baseline HVAC equipment weights for each
combination of heat pump type, displacement type, and pre-existing heat fuel type (as
defined in the program tracking database). The baseline weights for heating and cooling
are shown in Table 2-16 and Table 2-17.
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In the alternative scenario, the baseline weights for heat pump systems were removed,
and the non-heat pump baseline system weights were adjusted to total 100%, as shown
in Table 2-18 and Table 2-19. The unigue baseline HVAC weights have a sizable
influence on the overall measure impacts for each measure. Measures with a high
proportion of electric heating equipment in their baseline weights (e.g., heat pumps,
electric baseboard heaters) and low proportions of fuel-fired heating equipment will show
higher electric savings and lower MMBtu savings than measures with a higher
prevalence of fuel-fired baseline heating equipment. Conversely in the alternative
scenario, a higher proportion of fuel-fired baseline weights result in higher MMBtu
impacts.

Table 6-1 shows the annualized electricity and fuels impacts for the primary scenario that
includes all baseline HVAC types and the full metered sample. The measure impacts are
normalized per ton of installed heat pump cooling capacity. Positive values indicate positive
electric or fuel savings going from the average blended baseline heating and cooling equipment
to the installed heat pump equipment. The table also includes the average installed tonnage per
home for each heat pump and displacement type which can be used to derive the “per home”
measure impacts assumptions for the average project. Installations of GSHPs have the highest
installed tonnage per home, which will result in higher “per home” measure impacts relative to
the other heat pump types. Negative values indicate that consumption increases with the
installation of a heat pump for the average installation.
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The study sponsors asked the evaluation team to summarize measure impacts for an
alternative scenario with the following adjustments to analysis assumptions:

s Heat pumps removed from the baseline system weights, and the remaining HVAC types
adjusted to 100% total weight

s Full displacement post-retrofit consumption based on the subset of metered sites where
the pre-existing heating system was removed or disconnected. Current program
requirements as of May, 2024 require the removal or disconnection of backup heating
systemns for Full Displacement program rebates.

Table 6-4 shows the deemed measure impacts for this alternative scenario. As expected, the
fuel savings (MMBtu) for GSHPs are higher in the alternative scenario, as the baseline weight
for heat pumps is removed and the weight for baseline fuel-fired systems increased. This
scenario may more closely reflect the design of the heal pump fuel displacement program
offerings in future years, however, assumptions for baseline squipment weights should be
adjusted to reflect assumptions based on future program design.
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Overall ex post measure impacts are generally lower than the ex ante assumptions, which were
derived from the prior Massachusetts Energy Optimization (EQ) Fuel Displacement study
(completed in 2021) and are currently incorporated into the MA TRM and CT PSD impact
assumptions, however measure impacts for PD MSHP are similar.”’ Table 6-5 shows a
comparison of the ex ante and ex post measure impacts between the two studies for the heat
pump types, displacement types, and pre-existing fuel types evaluated in both studies. The
table includes the ex ante measure impacts for the 2021 and 2024 program years; the study
assumed lower average switchover temperatures for partial displacement projects with pre-
existing oil and propane heating fuels in the 2022 through 2024 program years. The table also
includes impacts for both measure impacts scenarios. The first scenario includes weights for all
baseline heating types and includes all metered sample in the Full Displacement category. The
second scenario removes heat pumps from the baseline weights and only includes post-retrofit
usage for Full Displacement installations that removed or disconnected the backup heating
systems.””

" Guidehouse (2021). "Energy Optimization Fuel Displacement Impact and Process Study.” Provided to the Electric
and Gas Program Administrators of Massachusetts. hitps:/fma-eeac.org/wp-content/uploads/MAZ0R24-B-
ECEval_Fuel-Displacement-Repart_2021-10-13_Final.pdf.

The MA EO FD report provides measure impacis for oil, propane, and electnc resistance heating fuels and for the
2021, 2022, 2023, and 2024 program years, with varying switchover temperature assumptions for pariial
displacement projects in each program year. The 2021 program year results are used as the basis of comparison
against the current study results.

Connecticut references the deemed measure Impacts from the 2021 MA Energy Optimization Fuel Displacement
report in the current CT Program Savings Document (PSD) for these measures.

I The metered sample for this study includes heat pump Installations during the 2021 and 2022 program years
(predominantly 2022 program year). Given changes in program design during subsequenl program years, the ex post
impacts for the Partial Displacement case may be most comparable to the 2021 ex ante assumption and are not
directly comparable to the switchover temperature assumptions in the 2024 ex ante assumption,
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Below are drivers that could contribute to some of the difference in measure impacts between
ex ante and ex post assumptions:

* Post-retrofit heat pump usage is generally lower than the prior study for FD installations.
The prior EQ Fuel Displacement study assumed that FD heat pump installations met the
full heating loads of the home with the installed heat pumps. The current heat pump
metering study aggregated actual heat pump usage data for a sample of sites. For sites
included in the first scenario (all metered sample), the results of this analysis showed
that many of the installations categorized as FD were relying on other heating systems
to meet portions of the heating load of the home, In the second scenario, the subset of
homes that removed or disconnected the pre-existing heat has relatively lower sample
size for each heat pump type (less than n=20). Variability in usage for the sample may
drive changes in post-retrofit consumption compared to the other scenarios.

= The current study generally assumed higher existing and new unit efficiencies for
baseline fuel-fired heating equipment types. All else equal, higher baseline unit
efficiencies lower the baseline MMBtu heating equipment usage, lowering overall MMBtu
measure impacts.

= The current sludy estimales post-retrofit heat pump usage at the stratum level (heat
pump type and displacement type). The prior study also estimated varying post-retrofit
heat pump consumption for PD project by the customer's noted pre-existing fuel type in
the program data (oil, propane). Therefore, the current study's post-retrofit heat pump
consumption does not vary by pre-existing fuel type for PD projects. Only the baseline
usage varies based on application of baseline weights by pre-existing fuel type, leading
to slight differences in measure impacts between the fuel types.

6.2 Algorithmic Savings for Connecticut PSD

Connecticul has two measures in the Connecticul Program Savings Document (PSD) that are
being updated with results from this study. These measures include P5D Section 3.2.16 'Fuel
Optimization’, which is in the current version of the “Final 2024 Program Savings Document.”

This section applies to the "Addition of heat pump partially or fully displacing existing HVAC",
The savings were calculated via simulation model runs using a weighted average of survey
responses for the most accurate switch over temperature between the installed heat pump and
the backup heating source. The annual savings are obtained by multiplying the deemed savings
factor by the heat pump capacity. The savings in Section 6.1 will be used to update Table 3-108
Saving Factors in the PSD.

The other measure Conneclicut is currently developing for inclusion in a fulure update to the
PSD is the "ASHP, Mini-Spits, PTAC, PTHF" measure. This measure uses an algorithmic
approach, as opposed to the deemed saving approach used in the 3.2.16 Fuel Optimization
measure, The description of this measure is: "This measure targets the use of air source heat
pumps and mini split heat pumps in residential and low-rise muiti-family applications.... This
measure may apply to early replacement of an existing system, replacement on failure, or
installation of a new unit in a new or existing residential or multi-family low-rise building for
HWAC applications.” This study will inform the inputs required for the new algorithmic savings
equations as shown in Table 6-6.
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Table 6-6. PSD Variables and Descriptions

PSD Variable Description

Fadine In-situ cooling efficiency adjustment factor of installed umit MNiA

Fasiah In-situ heating efficiency adjustmeant factor of installed unit MNIA

Fraan PD Factor to account for the portion of healing load met by the heat pump MNIA

EFLH. Equpraienl Full Load Heurs of operation Tor the average unit during the Hatire
cooling seasaon

EFLH: Equivatent Full Load Hours of operation for the average unit during the -

heating season
Source: Evaluation team analysis

Further description into how each variable was calculated is outlined below:

+ Efficiency Adjustment Factors (Fadj, heating, cooling): These factors represent the
average ratio of the modeled seasonal heating and cooling efficiency for sites with
metered performance data to the rated heating and cooling efficiency (HSPF2/SEERZ).

« PD Factor (Fload, heating): This factor is calculated similarly to the portion of heating
load met by the HPs (Table 4-6, Section 4.3.1), but with auxiliary heating also included.
These values are based on the portion of the home heated by the heat pump, which may
not be the full home.

+ Equivalent Full Load Hours (EFLH, heating, cooling): EFLH is calculated by dividing
annual kWh (calculated from weather-normalized metered data) by full load kW for each
heat pump unit. Full load kKW is calculated as the rated capacity of the unit divided by
rated seasonal efficiency (HSPF2/SEER2). EFLH values are then averaged across all
systems in the metered sample.

Table 6-7. PSD Variable Results

Heat Pump Displacement

Type Category EFLH:

CHP FG 1,397 544 1.03 0.86 0.90
CHP FD 825 509 1.00 0.81 0.66
MSHP FO 1,275 499 0.91 0.92 0.91
MSHP PD 1,025 484 0.95 0.93 0.79
GSHP FD 1.898 470 0.71 0.59 0.99

Based on full metered sample and program data designation of displacement type
Source: Evaluation team analysis
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7. Future Considerations

Through this study, the team uncovered best practices for heat pump metering that can be
applied to future studies. Through discussions with the study sponsors and stakeholders, the
team has also summarized a variety of additional research guestions that could be explored
through future studies. This section details these items,

7.1 Lessons Learned

This section provides a list of lessons learmed from this study.

Reassess logger specifications and internet connectivity solutions. There were
interruptions in logger internet connectivity at various sites during this study. Future
studies can look to install more redundant loggers on important data streams and look to
install cellular WiFi access point(s) at sites in case the customer's WiFi service is
interrupted. Study teams could also look into logger models with additional local storage,
however these logger types may be more expensive.

Allocate additional time for meter installation visits. Based on experiences from
other onsite studies, the team allocated four hours per installation site visit (homes with
performance monitoring), which was used to install all data loggers, perform airflow
testing, conduct customer interview questions, and record information on heating system
and home characteristics. This site installation window also balanced customer
experience, as the team did not want to cause undue burden on the customer through
longer instaliation visit windows. The team noted that site visits sometimes required
additional time. Allocating more time at each site visit could have potentially improved
the study in the following ways:

= Provided a larger lime window lo confirm logger connection status and
troubleshoot issues, specifically connectivity issues with wireless logger
infrastructure and homeplug.

o Provided an opportunity to review heat pump performance data at the initial
installation (e.g., return and supply airstream temperatures).

o Expanded the level of home characterization, i.e., create floor plans, which could
be used to support Manual J inputs, investigate other load impacts such as
insulation levels, detail specific spaces or zones served by each system.

Additional data collection for geothermal systems. Future studies can look to install
additional water lemperature loggers on the ground or water loops. This data can then
be used for a more direct comparison of the in-field efficiency to the manufacturer rated
efficiencies which are rated at specific entering air and inlet water temperatures. The
study can also collect additional characteristics of the ground source heat pump
systems, such as the loop design.
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7.2 Future Study Ideas

This section provides a list of potential future study ideas. Some of these have been discussed
with the study sponsors, and others are provided by the evaluation team.

The study sponsors could consider a future study exploring the overall customer or utility
costs related to heat pump sizing, amount of auxiliary heat installed and used, resulting
peak demands for the heating systems of the home, and associated energy and demand
cosis. The study can also explore impacts to greenhouse gas emissions associated with
these variables. The study can investigate the optimization of greenhouse gas emissions
and system and operating costs of the HVAC system(s).

Creation of a predictive model or tool that would estimate the usage and measure
impacts for site-specific installation criteria; specific baseline system type, post-retrofit
heat pump size, efficiency, compressor type and for different building characteristics,
switchover temp, ete, This model or tool can be scaled up or down to specific input
variables of interest to the study sponsors,

Conduct surveys of customers with installation of heat pumps in future years to
understand any changes to baseline equipment types.

Analysis could be done to generate heat pump performance curve coefficients for use in
building simulation models.

Additional research could be done to investigate contractor heat pump sizing practices:
are contractors using Manual J sizing calculations? How detailed are they getting and
what data or observations are they collecting to use as inputs? How do they choose
system to meet the load, and are they considering capacities of the units at 5°F7

Benchmarking impacts against previous heat pump studies and comparing methodology
where appropriate.

Research could be done to look into the following items:

= Installation impacts on performance: location of AHU, orientation and exposure of
condensers, etc.

o Part load performance - how the system operates at part load, cycling at full load
vs. running longer duration at low speed.
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Appendix A. Measure Impacts for Various Full Displacement
Scenarios
The study sponsors requested that the evaluation team investigate differences in heat pump

usage and measure impacts for different hypothetical scenarios of Full Displacement site
characteristics. This section provides results of this investigation.

The team first reviewed primary customer survey responses, winter 2022-2023 fast feedback
interviews, end of season (winter 2023-2024) survey responses, and onsite metered data for
each site to inform heat pump and backup heating system usage characteristics. Backup
heating systems refers to separate conditioning systems independent from the heat pump
(boiler, furnace, wood stove, baseboard heating, space heater, window AC unit). Auxiliary
electric heating systems are included in the scenarios below. Each site was sorted into one of
the following FD categories:

+ Site disconnected, and removed backup heating system

¢ Site disconnected backup healing system, but it was left in place in the home

s Existing heating system left connected, but it was not used during metered period

= Existing heating system left connected, but it was used rarely during metered period

For sites with backup heating sources, the types of heating equipment included the following:

Boilers—Including fuel oil, propane, and natural gas boilers

Furnaces—Including fuel oil, propane, and natural gas furnaces

Wood or pellet stoves—\Wood fireplaces used sclely for ambiance were not labeled as a
backup heating source; wood stoves with significant use were labeled as backup heating

Electric resistance—Including electric furnace, electric radiant/baseboard, electric space
heaters, and electric fireplaces

Figure A-1 summarizes the overall metered sample for each of three scenarios:
s« Scenario 1: Onsite verified FD operation—Includes sites where the pre-existing
heating system was removed, disconnected, or left connected but not used or used

rarely (n=68)

= Scenario 2: Remove or disconnect backup heat—Includes sites where the pre-
existing heating system was removed or disconnected (n=46)

= Scenario 3: Remove backup heat—Includes sites where the pre-existing heating
system was removed (n=34)
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Figure A-1. Full Displacement Site Comparison, Program Data vs. Scenarios
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Figure A-2 shows the comparison of backup and auxiliary system usage by temperature based
on the cnsite verified displacement type (Scenaric 1). As compared to the proportions of heating
loads met by the heat pump and backup/auxiliary heat as demarcated in the program data, the
portion of the load met by the heat pump in FD applications increases, and the portions for PD
applications stays approximately the same.

Throughout the three different FD scenarios shown in the following figures, the heating load met
by each heat pump type stays relatively consistent. However, it is important to note that the
sample size decreases with each scenario as stated in Table A-1.
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Figure A-2. Backup and Auxiliary System Usage by Temperature Bin—Scenario 1: Onsite
Verified Displacement Type
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Figure A-3. Backup and Auxiliary System Portion of Total Heating Load by Temperature
Bin—Scenario 1: Onsite Verified Displacement Type
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Figure A-4. Backup and Auxiliary System Usage by Temperature Bin—Scenario 2:
Remove or Disconnect Backup Heat
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Figure A-5. Backup and Auxiliary System Portion of Total Heating Load by Temperature
Bin—Scenario 2: Remove or Disconnect Backup Heat
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Figure A-6. Backup and Auxiliary System Usage by Temperature Bin—Scenario 3:
Remove Backup Heat
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Figure A-7. Backup and Auxiliary System Portion of Total Heating Load by Temperature
Bin—Scenario 3: Remove Backup Heat
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Table A-1 shows the proportion of the heating season heating load met by the heat pump and
the backup and auxiliary heating systems for the various FD scenarios. The portion of load met
by the heat pump is relatively the same between the Onsite Verified, Remove/Disconnected
Backup Heat, and the Remove Backup Heat scenario. As noted above, the sample of sites
included in the analysis rollup for each of these scenarios decreases for each scenario based
on the FD definitions above.
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Table A-1. Proportion of Heating Season Load Met by System Type and FD
Categorization Scenario

Sample Proportion of Proportion of Proportion of
Full Displacement included Heating Load Heating Load Heating Load Met
Scenario in Rollup Met = Heat Met — Auxiliary - Backup
(n) Electric Heat Heating Systems
Frogram Data 30 86% 4% 10%
i 0y i, ar
Cantral Verified 18 893% 6% 0%
HP Remove/Disconnect e e ar
Backup 12 9% 6% 0%
Remove Backup B Q4 F% 0%
Frogram Data 43 1% (% T
Varified 25 ag9 0% 1%
Mim-Split it i > :
I
HP F‘.E:mwg. Disconnect 15 100% 0% 0%
Backup
Remove Backup 12 100% 0% %
Program Data 20 99% (1% 1%
Ground Varified 17 100%, 0% 0%
Source :
Remove/Disconnect o .
HP Backip 14 100% 0% 0%
Remove Backup 11 100% 0% 0%

Source: Evaluation feam analysis

The team used the sites identified in the Remove/Disconnect Backup heat scenario to estimate
post retrofit usage for an alternative measure impacts scenario, presented in Section 6.
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Survey Information

This survey will be delivered in an online format to residential customers who received a heat pump
rebate during the 2022 program year. The team will deliver the survey by email.

The team assumes that 20% of sampled customers will respond to the survey, of which 50% will be
interested and eligible for the follow-up metering study. For partial displacement installations, the team
may sample approx. 2,400 customers to support the onsite recruitment effort. The team assumes that
the population of full displacement installations are small enough that a census of projects will need to be
surveyed.

Research Objectives

In Table 8 we outline which survey modules will answer each research question. The main goal of the
survey is to recruit metering study participants, Secondarily, the survey will assess baseline, customer
decisions, and confirm equipment.

Table 8. Customer Survey Objectives

Research Topic Section

Metering Study Recruitment

Recruil metering study participants, including screener
questions for eligibility and willingness to parlicipate.
Customer Equipment

Confirm building type, HYAC equipmeant and hot water system
types and fuels, and other demographic variables used for
designing represantative samples and for potantial post-
welighting variables,

Confirm pre-heat pump installation system type and fuel
source, and obtain delivered fuels purchase orders or volumaea Module C
estimatas

Customer Behavior and Decisions

Assess gross baselines using baseline determination
questions, including what type of heating and/or coaling
equipment the customer would have installed if they didn't
install the heat pump they did

Customer insiallation decisions, control types, HVAC oparation
practices, and other heating options (wood stoves, fireplaces, Module C
portable heaters).

Module B

Module A

Module C

Table 2. Survey Embedded Variables

Embedded Variable Source

EQUIPMENT Sample
BUILDING AGE Sample
FA Sample
EQUIPMENT _REPORTED A3 Survey Response
INTEGRATED CONTROLS REPORTED Ad Burvey Responze
YEAR Sample
Email Sample
Mame Sample
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Survey Introduction

You are receiving this survey because you received a rebate from Mass Save or Energize CT
for your heat pump. Thanks for your participation! Your feedback on this survey will help the
Sponsors of Mass Save and Energize CT understand your experience to make program
improvements in the future. After completing this survey, you may also be eligible to participate
in a follow-up metering study to help The Sponsors of Mass Save and Energize CT understand
energy usage and performance of heat pumps installed through the rebate program.

There are no right or wrong answers; we want your honest feedback. This survey will take about
20 minutes of your time. To thank you for your feedback, you will receive a $20 e-gift card
through Rewards Genius and Tango Card after you have completed the survey, redeemable at
numerous retailers or for charitable donation.

If prompted, please enter your PIN. This is the number printed on the poslcard you may have
received in the mail or in the body of the email you may have received.

PIN: [8 DIGIT NUMERIC FIELD]

[IF CARD NUMBER IS ON FILE AND NOT YET USED, SKIP TO QI3]
[IF CARD NUMBER IS NOT ON FILE, ASK QI1]
[IF CARD NUMBER IS ON FILE BUT HAS ALREADY BEEN USED, SKIP TO Qi2]

11. Sorry, but the customer PIN number that you entered cannot be found. Please reenter your
customer PIN number from the card that you received in the mail.

PIN: [8 DIGIT NUMERIC FIELD]
[IF CARD NUMBER NOT ON FILE, THANK AND TERMINATE]

Unfortunately, we can't find the PIN number that you entered. We appreciate your time and
apologize for any inconvenience this has caused. [CODE AS “TERMINATE"]

|2. Our records show that a survey has already been completed for the customer PIN you
entered. Please reenter your customer PIN number.

Record card number [& DIGIT NUMERIC FIELD]

[IF RE-ENTERED CARD NUMBER ALREADY USED, THANK AND TERMINATE WITH THIS
MESSAGE:]

Unfortunately, we are unable to proceed with the customer PIN number that you entered. We
appreciate your time and apologize for any inconvenience this has caused. [CODE AS
“TERMINATE"]

13. Great, your record has been found.
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[GENERAL TERMINATE MESSAGE]

Unfortunately, you are not eligible to complete this survey. Thank you very much for your time
and we apologize for any inconvenience this has caused. If you believe this survey was

terminated in error, please contact Surveylnfo@guidehouse.com

Module A: Home Characteristics

C1. Our records show that you received a rebate from <Energize CT or Mass Save> for
installing a heat pump(s) in 2022, Is this correct? [SINGLE RESPONSE]

1) Yes [Continue with survey]
2) No, | did not receive a rebate on a heat pump [TERMINATE]

97) Other [TEXT]
98) Don’t know [TERMINATE]

A3, What type of heat pump did you receive a rebate for in <YEAR=7? Select all that apply.
1) Mini-split heat pump(s)
Mini split heat pumps typically have smaller outdoor units than central heat pumps
and can be ducted or ductless. Ductless systems are the most common. Ductless
systems heat and cool using refrigerant lines thal lead from the outdoor unit to indoor
units that are typically wall mounted in each room being conditioned.

Indoor Ductless Mini Split Head
2) Central heat pump
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Central heat pumps are a common replacement for a central heating or cooling
system. The outdoor units are larger and provide heating and cooling through the
ducts of a home/building to a register located in the floor, ceiling, or wall of each room
that is conditioned.

AT Pl GEPR LAY
[T i

™

Central Heat Pump — Whole Home lllustration

L

Register

3) Ground source heat pump (i.e., geothermal)

Ground source heat pumps use the ground's heat to both heat and cool the home.
Considerable excavation is required to install a ground source heat pump.

Ground Source Heat Pump - Full System lllustration

[LOGIC: If customer selects > 1 equipment type in A3, pipe in random selection as

EQUIPMENT_REPORTED]
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[LOGIC: Ask A4 IF IC = 1]

A4,Did you install an integrated control on your [EQUIPMENT_REPORTED]?

The control is often programmed as part of a thermostat. An integrated control may be
installed to manage your heat pump system. The control is designed to autormnatically switch
between your heat pump system and your fuel-fired heating system when the outdoor
temperature drops below a certain point.

1) Yes
2) No
97) | don't know

[LOGIC: Assign A4 response to variable INTEGRATED_CONTROLS_RESPONSE]

AS5.We are interested in learning a little bit about the home where you had the
[EQUIPMENT_REPORTED] installed. Is this home owned or rented by you or someone in
this household? [SINGLE RESPONSE]

1) Owned
2) Rented
3) Other, please specify [TEXT BOX]

A6.|s the home where you had the [EQUIPMENT_REPORTED)] installed your primary
residence or a secondary/vacation home? [SINGLE RESPONSE]

1) Itis my primary residence

2) Itis my secondary residence or vacation home

3) | am the landlord/property manager and | was the decision maker for installing the
rebated heat pump(s)

4) This is not my home [TERMINATE]

g97)Other [TERMINATE]

A7.Which best describes this building? [SINGLE RESPONSE]

1) A one-family house detached from any other house

2) A mobile home

3) A one-family house attached to one or more houses (e.g., townhouse)
4) A building with 2 apartments

5) A building with 3 or 4 apartments

6) A building with 5 to 9 apartments

7) A building with 10 to 19 apartments

8) A building with 20 to 49 apartments

9) A building with 50 or more apartments

A8.What is the approximate square footage of your home? If unsure, your best guess is fine

[Open-ended text] {validate whole numbers, 300 — 20,000}
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A9.In what year was your home built? [TEXT] {validate whole numbers, 1600 — 2022}

A10. Did you complete weatherization upgrades, such as air sealing (i.e., weather stripping) or

additional insulation in response to a Mass Save Home Energy Assessment / Energize CT
Home Energy Solutions service? [SINGLE RESPONSE]

1) Yes
2) No

98) | don't know

Al11, Do you have a stand-alone heat pump water heater in your home?
1) Yes
2) No
98) | don't know

A12. Do you have solar panels al your home?

1) Yes
2) No

A13. Do you have any additional heating equipment in your home? (In addition to your heat
pump(s) that you received a rebate on from Mass Save or Energize CT). Check all that
apply.

Ducts (for furnaces) Radiators (for bollers)

Note: Furnaces typically use ducts to heat the home, as seen on the left in the above image.
Boilers typically uses radiators or baseboards to heal the home.

1) Electric space heater(s)

2) Electric baseboard heat

3) Electric furnace

4) Qil furnace

5) Oil boiler

6) Natural Gas furnace

7) Natural Gas boiler

8) Propane furnace

9) Propane/liquified petroleum gas (LPG) boiler
10) Woodstove, pellet stove, or fireplace
11) Plug-in wall heater
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12) Additional mini-split heat pump (that | did not receive a rebate for)

13) Additional central heat pump (that | did not receive a rebate for)

14) Additional geothermal or ground-source heat pump (that | did not receive a
rebate for)

15)1 disconnected all additional heating when | received my heat pump(s) rebate
{Mutually Exclusive}

16) None {Mutually Exclusive}

98) | don't know {Mutually Exclusive}

Al4. [IF A13 == 15, 16, 98] How often do you use this additional heat during the winter?
Select the box for frequency on each row of healing equipment.

Heating My Only in <5 5-15 15+ | Very | don't
Equipment | thermostat/ | emergencies/ | times | times times | frequently/ | know
[Piped in control extreme per per per Every day

from A13] | decides temperatures | winter | winter | winter

A15. Does this equipment heat at least one of the same rooms as your heat pumpi(s)?

Heating Yes No | don’t
Equipment Know
[Piped in

from A13]

Al16. Do you have any additional cooling sources? (In addition to your heat pump(s) that you
received a rebate on from Mass Save or Energize CT). Check all that apply.

1) Central air conditioning

2) Room, window, or through the wall air conditioning

3) Ductless air conditioner with no heating

4) Central heat pump

5) Portable air conditioner

6) Just using fans

7) Additional mini-split heat pump (that | did not receive a rebate on)

8) Additional central heat pump (that | did not receive a rebate on)

9) Additional geothermal or ground-source heat pump (that | did not receive a
rebate on)

10)1 disconnected all additional cooling when | received my heat pump rebate
{Mutually Exclusive}
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11)None {Mutually Exclusive}
98) | don't know {Mutually Exclusive}

A17. [IF A16 <> 10,11, OR 98] How often do you use this additional cooling in the summer?
Cooling My Only in <5 5-15 15 + Very I
Equipmen | thermostat  emergencies | times times times frequently | don’t
t [Piped in |/ control | extreme per per per / kno
from A17] | decides temperature | summe | summe | summe w

] 5 P 2 3 ¢ Every day

Cooling Yes No | don't
Equipment Know
[Piped in

from A16]

Module B: Metering Study Recruitment

A18. Does this equipment cool at least one of the same rooms as your heat pump(s)?

B1.[IF A6 =1 OR 2] In addition to this survey, our team conducts an onsite study for Mass Save

and Energize CT to understand how program participants use their HVYAC equipment, and its
performance. Would you be willing to participate in a study beginning in the next few weeks,
where we would visit your home to install data loggers to measure your heat pump's energy
usage and performance? The logger installation would include a usage logging device in
your electrical panel, and for some homes, additional temperature loggers, energy logger on
outdoor fan unit, plug-load logger for moveable equipment and smart oil gauges (as
applicable). If you have gas service, we would also install a few loggers that record operation
of your gas meter.
If you are selected to participate in the onsite study, you would receive $200 on the initial
installation visit and $50 on any follow up visits, which typically occur once per year, The
study is expected to last 1.5-2 years. The initial visit to install the logging equipment should

take 2-4 hours.

Our onsite team is following all Mass Save and Energize CT COVID-19 safety protocols and
State guidelines.

1} Yes, | am interested in participating in the onsite study
2) No, | am not interested in participating in the onsite study
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B2.[IF AB = 4] In addition to this survey, our team conducts an onsite study for Mass Save and
Energize CT to understand how program participants use their HYAC equipment, and its
performance. Would your tenant(s) be willing to participate in a study beginning in the next
few weeks, where we would visit your home to install data loggers to measure your heat
pump’s energy usage and performance? The logger installation would include a usage
logging device in the electrical panel, and for some homes, additional temperature loggers,
energy logger on outdoor fan unit, plug-load logger for moveable equipment and smart oil
gauges (as applicable). If you have gas service, we would also install a few loggers that
record operation of your gas meter.

If you are selected to participate in the onsite study, you and your tentant(s) would each
receive $200 on the initial installation visit and $50 on any follow up visits, which typically
ocecur once per year. The study is expecled lo last 1.5-2 years. The initial visit to install the
logging equipment should take 2-4 hours,

Our onsite team is following all Mass Save and Energize CT COVID-19 safety protocols and
State guidelines.

1) Yes, | am interested in participating in the onsite study and the team may contact my
tenant(s)
2) No, | am not interested in participating in the onsite study

B3.[IF B1 =1 or B2 =1] To confirm that your hoame is a candidate for this onsite study and
prepare our field team for visiting your home, we would like to ask a few questions. First, do
you know where your electrical panel/circuit breaker is located?

1) Yes
2) No
98)Don’t Know

B4. [IF B1 = 1] Do you, for any reason, not have access to your electrical panel? An example of
not having access would be if its location requires landlord access.
1) | have access to the electrical panel
2) | don't have access to the electrical panel
98)Don’t Know

B5. [IF B2 = 1] Do you/your tenant(s) have access to the electrical panel?
Yes
2) No
98)Don’'t Know

B6. [IF B1 =1 or B2 =1]Do you have internet access through a home WiFi or ethernet network?

1) Yes
2) No

98)Don’t Know

B7.[IF B4 = 1 OR B5 = 1] If your home is selected to participate in the onsite portion of the
study, our team will contact you to set up an exact time and date for the site visit. However,
as we prepare for our scheduling, do you have a preference for what day of the week our
team will visit your home? Please select all that apply.

Monday

1) Tuesday

2) Wednesday
3) Thursday

4) Friday

5) No preference
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B8.[IF B4 =1 OR B5 = 1] Do you have a preference for the time of day our team will visit your
home? Please select one.

1)

Morning

2) Afternoon

3)

No preference

B9. [IF B4 = 1] Can you please verify your contact information? Please change as necessary
and be sure to add your preferred contact time.

1)

9)

Name: [PIPE FROM TRACKING DATA]

Address1: [PIPE FROM TRACKING DATA]

Address2: [PIPE FROM TRACKING DATA]

City: [PIPE FROM TRACKING DATA]

State: [PIPE FROM TRACKING DATA]

Zip Code: [PIPE FROM TRACKING DATA]

Preferred telephane number; [CUSTOMER RESPONSE]

Preferred contact time: : [AM/PM] [PROGRAMMER: NOT A
REQUIRED FIELD.] [CUSTOMER RESPONSE]

Email address: [CUSTOMER RESPONSE]

B10. [IF B5 = 1] Can you please verify your contact information? Please change as necessary
and be sure to add your preferred contact time. If selected, a member of the team will reach
out to you for tenant contact information.

Name: [PIPE FROM TRACKING DATA]

Address1: [PIPE FROM TRACKING DATA]

Address2: [PIPE FROM TRACKING DATA]

City: [PIPE FROM TRACKING DATA]

State: [PIPE FROM TRACKING DATA]

Zip Code: [PIPE FROM TRACKING DATA]

Preferred telephone number: [CUSTOMER RESPONSE]

Preferred contact time: : [AM/PM] [PROGRAMMER: NOT A
REQUIRED FIELD.] [CUSTO STOMER R RESPONSE]

Email address: [CUSTOMER RESPONSE]

Module C: Baseline and Customer Behavior/Decisions

Next, we would like to understand more about your new heat pump(s) and the heating or cooling
system(s) that you had before.

C1. What space(s) does your new heat pump(s) serve? (Select all that apply) [MULTIPLE
RESPONSE]

1)
2)
3)
4)
5)
6)
7)
8)
9)

Entire home (If yes, please select this response only) [MUTUALLY EXCLUSIVE]
Master Bedroom

Other Bedroom(s)

Living Room, Family Room or Den

Kitchen

Office

Sunroom or three-season space

Auxiliary spaces, such as lofts or attics

Basement

10)Other, please specify [TEXT BOX]

C2. Was the [PIPE RANDOM SPACE SELECTED FROM C1] heated and/or cooled before the
installation of the new heat pump(s)? (Select only one response)
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1) It was heated only

2) It was cooled only

3) It was heated and cooled

4) Il is a brand new space, i.e. installed in addition or new house
5) It was not heated or cooled

6) | don't know

C3. Was the high-efficiency <EQUIPMENT_REPORTED>= installed as part of a new construction
or major renovation project? [SELECT ONE]
1) Yes

2) No
3) I don't know

C4. For what purpose did you buy your new heat pump? (Select only one response)
1) | bought it for cooling
2) | bought it for heating
3) | bought it both heating and cooling

C5. Before you decided to install your new heat pump, did you or your contractor consider
options other than your new heal pump to heal or cool your [PIPE RANDOM SPACE
SELECTED FROM C1] ? (Select only one response)

1) Yes, l/iwe considered both heating and cooling options
2) Yes, l/we considered ONLY heating options

3) Yes, l/we considered ONLY cooling options

4) No, lI/we did not consider any other options

C6.[ASK IF C5 =1, 2] What other heating options were considered for your [PIPE RANDOM
SPACE SELECTED FROM C1]7?

Ducts (for fumaces) Radiators (for boilers)
Note: Furnaces typically use ducts to heat the home, as seen on the left in the above image.
Boilers typically uses radiators or baseboards to heat the home.
(Select all that apply)
1) Gil furnace
2) Oil boiler
3) Natural Gas furnace
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4) Natural Gas boiler

5) Propane furnace

6) Propane/liquified petroleum gas (LPG) boiler

7) Electric baseboard

8) Electric furnace

9) Electric space heater

10) Woodstove, pellet stove, or fireplace

11)Plug-in wall heater

12) Geothermal or ground-source heat pump (outside of the heat pump(s) |
purchased)

13) Other mini-split heat pump (outside of the heat pump(s) | purchased)

14) Central heat pump (outside of the heat pump(s) | purchased)

15) Other heat pump (outside of the heat pump(s) | purchased)

97) Other [TEXT]

€7. Whal, if anything, would you have mosl likely installed lo heal your [PIPE RANDOM SPACE
SELECTED FROM C1] if you hadn't installed the heat pump you did?
1) [PIPE IN RESPONSES FROM C6 AS SELECTIONS]
2) |'would have continued to use my old heating system
3) | wouldn’t have installed a heating system (left space unheated)
4) | would have installed a different heating system, please specify [TEXT BOX]

c8. [ASK IF C5 = 1, 3] What other cooling options were considered for your [PIPE RANDOM
SPACE SELECTED FROM C1]?

Ducts (for furnaces) Radiators (for bollers)

Note thal central air conditioning and central heat pumps use ducts and vents to distribute
cooled air. (Select all that apply)

1) Central air conditioning

2) Room, window, or through the wall air conditioning

3) Ductless air conditioner with no heating

4) Central heat pump

5) Portable air conditioner

6) Just using fans

7) Other geothermal or ground-source heat pump (outside of the heat pump(s) |
purchased)

8) Other mini-split heat pump (outside of the heat pump(s) | purchased)
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9) Other central heat pump (outside of the heat pump(s) | purchased)
97) Other, please specify [TEXT BOX]

€9. What, if anything, would you have most likely installed to cool your [PIPE RANDOM SPACE
SELECTED FROM C1] if you hadn't installed the heat pump you did?
[PIPE IN ALL RESPONSES FROM C18]

1) | would have continued to use my old cooling system
2) | wouldn't have installed a cooling system (left space uncooled)
3) 1 would have installed a different cooling system, please specify [TEXT BOX]

Now we would like to understand how your space was heated before the new heat pump was
installed.

(Space Previously Heated)

C10. [ASK IF C2 =1, 3] What was the primary system that heated your [PIPE RANDOM
SPACE SELECTED FROM C1] before the new heat pump was installed? (Select only one
response)

1) Qil furnace

2) QOil boiler

3) Propane/liquified petroleum gas (LPG) furnace

4) Propane/LPG boiler

5) Electric baseboard

6) Electric furnace

7) Natural gas furnace

8) Natural gas boiler

9) Electric space heater

10)Woodstove, pellet stove, or fireplace

11)Other geothermal or ground-source heat pump (outside of the heat pump(s) |
purchased)

12) Other mini-split heat pump (outside of the heat pump(s) | purchased)

13) Other central heat pump (outside of the heat pump(s) | purchased)

C11. [ASKIFC12=1,2, 3,4, 6,9, or 11] Did the heat come out of ducts or
radiators/baseboards? Select all that apply.

Ducts (for furnaces) Radiators {for bollers)

1) Ducts
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2) Radiators
3) Neither
98) Don't know

€12, When the new heat pump was installed, was the previous heating system removed or

disconnected or is it still installed and operating? Please select from the options below.
(Select only one response)

1) The previous system was removed or disconnected and not replaced

2) The previous system was removed and replaced with a new piece of

equipment of the same type
3) The previous system is still installed and operating
98) Don't Know

Cc13. [ASK IF displacement= “full” & C12 = 2 or 3] How often do you use your additional
heating system (not the heat pump you received a rebate on)?
1) Only in emergencies/ extreme temperatures
2) <5 times per winter
3) 5-15times per winter
4) 15 + times per winter
5) Very frequently/ Every day
98) | don't know

Now we would like to understand how your space was cooled before the new heat pump was
installed.

(Space Previously Cooled)

C14, [ASK IF C2 =2, 3] What was the primary system that cooled your [PIPE RANDOM
SPACE SELECTED FROM C1] before the new heat pump was installed? Note that central
air conditioning and central heat pumps use ducts and vents to distribute cooled air. (Select
only one response)

1) Central air conditioning

2) Room, window, or through-the-wall air conditioning

3) Portable air conditioner

4) Only used fans

5) Other geothermal or ground-source heat pump (outside of the heat pump(s) |
purchased)

6) Other mini-split heat pump (outside of the heat pump(s) | purchased)

7) Other central heat pump (outside of the heat pump(s) | purchased)

97) Other, please specify [TEXT BOX]

98) Don't Know

€15. When the heal pump was installed, was the previous cooling system removed or
disconnected or is it still installed and operating”? Please select from the options below.
(Select only one response)
1) The previous system was removed or disconnected and not replaced
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2) The previous system was removed and replaced with a new piece of

equipment of the same type
3) The previous system is still installed and operating

98) Don't Know

[ASK IF C14 <> Central air conditioning OR Central heat pump] & [A3 = 2]

. Before you got your new heat pump, did you already have ducts and vents to distribute
heated or cooled air to your [PIPE RANDOM SPACE SELECTED FROM C1]7?

1) Yes
2) No
98) Don't Know

Cle

[ASK IF C16 = 2]
C17. Since you were considering installing a central air conditioner or central heat pump, were
you also considering installing ducts?
1) Yes
2) No
98) Don't Know

Since installing your heat pump, have you experienced any maintenance issues?

C18.
1) Yes
2) No
98) | don't know
C19. [IF C18 = 1] Did your technician identify refrigerant leakage as an issue with your heat

pump? Refrigerant leakage is a common problem in heat pumps that may cause your heat
pump to pool liquid, produce ice, or run louder and/er less efficiently.

1) Yes
2) No
98) | don't know

C20. [IF C19 = 1] How many limes has your heat pump had refrigerant leakage?

1) 1time

2) 2-3times
3) 4—6times
4) 7 +times

98) | don't know

c21. [IF C21 = 1] On average, how much does it cost to repair your refrigerant leakage?
[OPEN ENDED, Validation: Numbers, $0 — $10,000]
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€22. [IF C18 = 1] Please describe any other maintenance issues which you have experienced
[OPEN ENDED]

€23. During the heating season (October through April), how do you most commonly operate
your heat pump in [PIPE RANDOM SPACE SELECTED FROM C1]?

1) Heat pump is always left “on", at the same heating setpoint/temperature at all
times of day

2) Heat pump is always left “on”, and the heating setpoint/temperature changes
automatically based on a programmed schedule

3) Heat pump is always left “on”, and | change the heating setpoint/temperature
manually, with no consistent schedule

4) |turn the heat pump on and off at difference times of day based on my heating
needs

97)0Other [OPEN ENDED]

[ASK IF C23 - C37 IF A4 = 1]

For the following questions we want to learn more about your experience with the integrated
controls that were installed to manage your heat pump.

C24. s the integrated control still installed and working?

1) Yes
2) No

98) Don't know

[ASK IF C24 = 2]
€25. Why is the integrated control not installed/working? [Open-ended text]

[ASK IF C24 = 1]

C26. When you are heating with your heat pump system, do you rely on the
integrated control to automatically switch between the heat pump and your other fuel-fired or
auxiliary heating system?

1) Yes

2) No

98) | don't know
[ASK IF C26 = 2]

€27. What do you do instead to manage your heat pump and fuel-fired heating systems?
[OPEN RESPONSE]

c28. Did the contractor program the integrated control, or did you program it on your own?
1) My contractor programmed it
2) | programmed it on my own
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C29. [ASK C24 = 1] What OUTSIDE temperature did you or your contractor set the integrated
control switchover temperature at, where your heat will switch from the new heat pump to the
existing fuel-fired or auxiliary heating system? Above this temperature, the backup fuel-
fired/auxiliary heat will not operate,

1) Qutside Temperature (degrees Fahrenheit) [Validate: 0 - 40]
98)! don't know

€30. [ASK C24 = 1] Does your integrated controller have a separate heat pump lockout
temperature that is different than the stated “switchover temperature” you provided in the
prior questions? The heat pump lockout temperature is the temperature under which the
heat pump will not operate

1) Yes
2) No

98) | don't know

€31. [ASK C30 = 1] What is the heat pump lockout temperature, under which the heat pump
will not operate?

C32. Did the contractor that installed the new heat pump explain how to operate the integrated
control?
1) Yes
2) No
98)Don't know

€33, [ASK C24 = 1] Have you or anyone eise changed the integrated control switchover
temperature setting since it was first programmed?
1) Yes
2) No
98)Don't know

C34. [ASK C33 = 1] What OUTSIDE temperature was the integrated contral switchover
temperature changed to?

1) Outside Temperature (degrees Fahrenheit) [Validate: 0 - 40]

2) My equipment has a range

98) Don't Know

€35. [ASK C33 = 1] Why did you change the integrated control switchover temperature setting
since it was first programmed? [Open-ended text]

C36. [ASK C24 = 1] On a scale from 1 to 5, where 1 is “very dissatisfied" and 5 is “very
satisfied”, how satisfied are you with how your integrated control is working?

C37. [IF C36<4] Why did you provide this rating? [Open-ended text]
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The survey is almost done, we just have a few more guestions.

C38. [RESTRICT RESPONSE OPTIONS TO 2 DIGITS] How many people occupied this home
in 20227 Enter zero if appropriate. Note, this question is optional.

Occupant Type Number

Children, under 18 [RECORD NUMBER]
Adults, 18 to 65 [RECORD NUMBER]
Adults, 65 and older [RECORD NUMBER]

C39. [USE TABLES PROVIDED IN EXCEL FILE TO PROVIDE RANGES BASED ON
RESPONSE TO E2. AS AN EXAMPLE, IF E2, 5=1 (SINGLE HOUSEHOLD MEMBER),
SHOW THE FOLLOWING] What was your estimated total annual household income in 2022
before taxes (in other words, your gross household income)?

1) Less than $53,999
2) $54,000 -563,999
3) $64,000 -5$73,999
4) $74,000 -$83,999
5) $84,000 -593,999
6) $94,000 -$103,999
7) $104,000 -$123,999
8) $124,000-$133,999
9) $134,000 -$153,999
10)$154,000 -$165,000
11)Greater than $165,001
12)Prefer not to answer

C40. Approximately how much did you spend on delivered heating fuel oil (oil, propane,
kerosene, etc.) during the winter (October through April)? Please select the appropriate
range.

' Before Installing Your Heat Pump | After Installing Your Heat Pump
NA

30 - $500

$500 - $750
$750 - $1,000

$1.200 - $1,400 |

$1.400 - $1,600 |

$1,600 - $1,800

$1,800 - $2,000 |
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$2,000 - $2,200

$2,200 - $2,400

$2,400 - $2,600

$2,600 - $2,800

$2.800 - $3,000 |

$3,000 +

Cc41. [IF C40 == N/A] Approximately how much heating fuel (oil, propane, kerosene, etc.) did
you use prior to installing your heat pump during the winter (October through April)?
1) Less than 200 gallons
2) 201 - 300 gallons
3) 301 -400 gallons
4) 401 =500 gallons
5) 501 — 600 gallons
6) 601 —700 gallons
7) 701 — 800 gallons
8) 801 =900 gallons
9) 901 - 1,000 gallons
10)1,000 + gallons
98) | don't know

c42. [IF C40 <> N/a] Approximately how much heating fuel do you use now, after to installing
your heat pump (oil, propane, kerosene, eic.) during the winter (October through April) 7
1) Less than 200 gallons
2) 201 — 300 gallons
3) 301 - 400 gallons
4) 401 - 500 gallons
5) 501 - 600 gallons
6) 601 —700 gallons
7) 701 —800 gallons
8) 801 — 900 gallons
9) 901 — 1,000 gallons
101,000 + gallons
98) | don't know

C43. Approximately how many cords of wood did you burn per winter (October - April-) prior to
installing your heat pump? [OPEN-ENDED]

C44. Approximately how many cords of wood did you burn per winter (October = April) after to
installing your heat pump ? [OPEN-ENDED]

c45. Approximately how much did you spend on wood for heating per winter (October - April)
prior to installing your heat pump? [OPEN-ENDED]

c46. Approximately how much did you spend on wood for heating per winter (October — April)
after to installing your heat pump ? [OPEN-ENDED]
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C47. Please type the email address where you would like us to send your e-gift card. [OPEN-
ENDED]

CLOSE: This concludes the survey that we have prepared for you today. You can expect to receive your
e-gift card directly from noreply@tango.com in 1 — 2 business days.

If you have any questions about this survey or how your responses to this survey will be used, please
contact Surveylnfof@quidehouse.com and include your PIN number.

If you are selected for the metering portion of this study, you will receive an email from the scheduling
team at Ridgeline Energy Analytics in the next few weeks.

Thanks for your participation in this survey.
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Interview Information

These interviews will be conducted via phone with residential customers who are currently participating
in the heat pump metering study (from Wave 1 recruitment) and have been confirmed as “full
displacement” sites. The team will invite these customers to participate via email.

The team will send recruitment emails to the full population of eligible respandents, 26 customers.
Respondents will receive a $10 e-gift card for participation,

Research Objectives

In Table 8 we outline which interview guide modules will answer each research question. The main goal
of the interview is to understand if customers feel as if their heat pump met their heating needs during
one of the coldest days of the year,

Table 9. Customer Phone Interview Objectives

Research Topic Section

Use of Back Up Heat & Systems Operation

Confirm customer does not use back-up heat during the winter, or if Module A
they have had any emergency situations that warranted back-up heat,

Gauge customer satisfaction of system's parformance in extremely cold

temperatures as it is influenced by comfort levels. REUe A
Impact of Energy Costs

Assess relative impact of energy costs on heat pump usage. Module B
Thermostat Setpoint

Understapd genelral customer hablilsl with thermostat setpoint, how it Module C
changes in the winter, and if it is similar to previous seasons.

Feedback

Opporlunity for heal pump, study team, and program feedback. Module D

Interview Introduction

Hi [CUSTOMER NAME] My name is [INTERVIEWER NAME] and | am a part of the Heat Pump
Metering Study technical team. Thanks so much for being willing to talk with me today!

We really appreciate your participation in this study, We are talking with participants in the study
to get a better understanding of how your heat pump has been performing and how you've been
using it. | have a series of questions prepared for you today and | may ask some follow-ups just
to make sure we're on the same page. There are no right or wrong answers; we want your
honest feedback. This call will take about 15 minutes. Do you have any questions before we get
started? Also, | know you mentioned this over email, but just to confirm — are you ok with us
recording this conversation?

Module A: Use of Back Up Heat & Systems Operation

Key Topics (for interviewer to cover):

*« How does the customer use their heat pump?



+ [Does the customer have whole-home back-up and/or supplemental heat?

o If so: What is it? Do they use it? Regularly? What about in emergencies? Was the
past weekend an emergency?

Based on comfort-level, is the customer satisfied with heat pump system performance
generally? What about in extremely cold weather?

INTRO: First, we'd like to understand how your heat pump is set up. We'll ask some questions
about your heating system and how you use it.

Al.Are you using your heat pump fo heat your whole home or just parts of your home?

A2.In the space heated by your heat pump, is the heat pump your only heating source or do you
have any additional heat sources?

a. In case of additional heat sources:

a. What kind of additional heat source? What parts of your home does it heat?
How often do you normally use it? [probe: How did you heal your home over
the weekend when temperatures dropped below zero degrees Fahrenheit?]

b. Why do you use it? [probe: is it due to comfort, financial impact, etc.) How do
you turn it on? [probe! integrated controlfer, manual change on thermostat]

c. When you purchased your heat pump, did you expect lo need to use this back-
up heat source?

A3.0n Friday and Salurday, how was your comfort level?

[probe: did you use supplemental heating (e.g., a wood stove, space heater) or more
blankets than usual, etc.? did you change the thermostat settings manually?]

A4, Did you install any new heating equipment this winter to supplement your heat pump (such
as, a wood burning stove, a propane furnace, gas furnace, space heaters, etc.)?

[If no, probe: did you consider it? Are you considering it now (after cold)? If yes, probe:
what did you install?]

AS5.Have you experienced any maintenance issues that have impacted your heat pump's
performance this winter?

Module B: Energy Costs

Key Topics (for interviewer to cover):
« What were the customer's expectations on energy costs?
e Has the customer adjusted how they operate their heat pump due to energy costs?
o Any other cost related impacis?

INTRO: Next, we would like to understand more about how energy costs may have affected
your heat pump usage this winter.



B1. Before this winter, had you operated your heat pump(s) during the winter months?

B2. How would you categorize your energy bills this winter finclude off, gas, etc.]? Cost-wise,
were they about what you expected?
a. If you hadn't operated your heat pump in a winter season, how did you set your
expectations?

b. What have you heard about energy costs this year?

c. If costs were higher than expected,
i. Did you notice a specific increase in electric rates this fall and/or winter?

Have you received an electric bill since that increase?

B3. Did energy costs have any impact on how you operated your heat pump?

[probe: Did your electric provider advised you the best way to operate your heat pumps
due to higher rates in Winter 2022 - 20237]

Module C: Thermostat Setpoints

Key Topics (for interviewer to cover):
« How does the customer operale their thermostat?

s« Were there any changes to how the customer uses their thermostat during the extremely
cold weather on Friday/Saturday?

INTRO: Next, we'd like to know about how you and your household use your main thermostat
during the winter (October — April). Generally, we'd like to understand what your typical
thermostat usage looks like.

C2. Can you describe how you use your thermostat to control your heat pump(s) by heating
zone? Or if you use your thermostat to control your heat pump at all?

[probe: For example, do you ever make manual changes lo the thermostat setlings?]

C3. Some people keep their temperature setting the same throughout the day and night, and
some change the temperature to different levels at different times of day. What has your
temperature setting generally looked like in your home (by heating zone, as applicable) so
far this winter?

a. Is the set point constant or adjusted throughout the day? If adjusted, is that done
automatically by thermostat or manually? What are the temperature settings,
generally?

b. If applicable:

i. Do you operate all the thermostats for your other heat pump(s) the same
way? [probe: did you manually change your setpoints over the weekend
when it was really could out? Is this something you usually do?]



C4. When there were sub-zero temperatures on Friday and Saturday, did you make any changes
to your thermostat? Was your house able to reach the temperature on your thermostat?

Module D: Feedback
D1.ls there anything else you would like to tell us about your experience with your heat pump so

far this winter?

D2.ls there any feedback you would like to share about your experience with the on-site
metering study team and metering installation experience?

D3.More generally, is there any other feedback on your experience with the Mass Save heat
pump programs that you would like to share?

CLOSE: Thank you so much for your time today, those are all the questions | have. You can expect to
receive your e-gift card directly from noreply@tanno.com in 1 — 2 business days.
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Survey Information

This survey will be delivered in an online format to residential customers who are currently
participating in the heat pump metering study. The team will deliver the survey via email. The
team will survey the full population of metered participants. Respondents will receive a $20 e-
gift card for participation.

Research Objectives

Table 8 outlines which survey modules will answer each research question. The main goal of
the survey is to understand whether customers feel that their heat pump met their heating needs
during one of the coldest days of the year.

Table 10. Customer Survey Objectives

Research Topic Section

Backup Heat Usage and Systems Operation

Understand if customer uses backup heat during the winter
and/or identify if they had an emergency situation that Module A
warranted their use of backup heat.

Gauge customer satisfaction of system's performance in cold

temperatures as it is influenced by comfort levels. Madulph
Impact of Electricity Costs
Assess relative impact of Increased electricity costs on heal M
odule B
pump usage.
Thermostat Setpoint
Understand general customer habits with the thermostat
setpoint, how those habits change in the wintar, and whethear it Maodule C
i= similar to previous seasons.
Feedback
Opporlunity for heat pump, study team, and program feedback, Module D

Source: Guidshouse

Table 11 identifies the embedded variables in the survey for programming purposes.
Table 11, Table 2. Survey Embedded Variables

Embedded Variable Source

EQUIPMENT _REPORTED Sample
EMAIL Sample
NAME Sample

Source! Guidehouse

Survey Introduction

You are receiving this survey because you are participating in the onsite Heat Pump
Metering Study through the Sponsors of Mass Save® and the Sponsors of Energize
Connecticut™™, Thanks for your participation! Your feedback on this survey will help the
Massachusetts Program Administrators understand your experience and satisfaction
with your heat pump.
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There are no right or wrong answers; we want your honest feedback. This survey will
take about 10-15 minutes of your time. To thank you for your feedback, you will receive
a 520 e-gift card through Rewards Genius and Tango Card after you have completed
the survey, redeemable at numerous retailers or for charitable donation.

Module A: Backup Heat Usage and Systems Operation

First, we would like to understand how your heat pump has been performing in respect
to warming your space(s) and/or home. We are particularly interested in days like the
past few, when it was exceptionally cold. These questions will focus on your overall
satisfaction with your heat pump specifically related to your comfort and the heating
effectiveness of your heat pump for both the most recent cold period (January 20 — 22)
and mare generally this winter.

Al.Are you using your heat pump to heat your entire home or just parts of your home?
1) Entire home/most of my home
2) Jusl parls of my home (i.e., only some rooms in my home)
898) Don’t know

A2.Was the space that your heat pump serves previously cooled?
1) Yes
2) No
98) Don't know

A3.Was the space that your heat pump serves previously heated?
1) Yes
2) No
98) Don't know

A4.[IF A3= 1] Did you disconnect or remove your existing heat source(s) when you
installed your heat pump?
1) Yes
2) No

AS5.In the space heated by your heat pump(s), is the heat pump your only heating
source or do you have any additional heat sources?
1) Yes, the heat pump(s) is my only heating source
2) No, | have additional heating sources

A6.[IF A5 = 2] What additional heating equipment do you have in your home (in addition
to the heat pump(s) for which you received a rebate from the Sponsors of Mass
Save / Energize CT)7 Check all that apply.
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Ducts (for furnaces) Radiators (for boilers)

Note: Furnaces typically use ducts to heat the home, as seen on the left in the above
image. Boilers typically uses radiators or baseboards to heat the home.

16)Electric space heater(s)

17)Electric baseboard heat

18)Electric furnace

19)0il furnace

20)0il boiler

21)Natural gas furnace

22)Natural gas boiler

23)Propane furnace

24)Propane/liquified petroleum gas (LPG) boiler

25) Woodstove, pellet stove, or fireplace

26) Plug-in wall heater

27) Additional mini-split heat pump (for which | did not receive a rebate)

28) Additional central heat pump (for which | did not receive a rebate)

29) Additional geothermal or ground-saurce heat pump (for which | did not
receive a rebate)

17) None {Mutually Exclusive}

98) Don't know {Mutually Exclusive}

A7.[IF A5 = 2] Did you use your additional heat source{_sl_) (other than the heat pump
rebated by the Sponsors of Mass Save / Energize CT) this winter, prior to the most
recent cold period (January 20 — 22)7

1) Yes
2) No
98) Don't know

A8.[IF A5 = 2] Did you use your additional heat source(s) (other than the heat pump
rebated by the Sponsors of Mass Save / Energize CT) during the most recent cold
period (January 20 — 22)?
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1) Yes
2) No
98) Don't know

A9.[IF A7 = 2 OR A8 = 2] Do you plan to use your additional heating source(s) in the
future?
1) Yes
2) No
3) Maybe

Al10. [IF A9 =1 OR A9 = 3] When do you plan to use your additional heating
source(s)? [TEXT]

All. Did you use your heat pump(s) for heating during the most recent cold period
(January 20 — 22)?
1) Yes
2) No
98) Don’'t know

Al12. Have you used your heat pump(s) for heating this winter during normal winter
weather?
1) Yes
2) No
88) Don't know

A13. [IF A7 =1 OR A8 = 1] Does your additional heat source(s) run at the same time
as your heat pump, or do they always run at different times?
1) Yes, both systems always operate at the same time
2) Yes, both systems sometimes operate at the same time
3) No, only one system operates at a time
98) Don't know

Al4. [IF A7 =1 OR A8 = 1] How do you turn on your additional heating source(s)?
1) Itis controlled by the integrated control or the same thermostat as the heat
pump
2) Itis controlled by its own separate thermostat
3) |turn it on manually
97) Other [TEXT]

98) Don't know



A15. [IF A14 = 2] Given that you have multiple thermostats for multiple heating
systems, please describe how you set the temperature setpoints for these heating
systems.

1) An integrated control automatically chooses which system to run

2) | set the additional heating systern temperature lower than the heat pump
system, so the additional heating system is only used when the heat pump
cannot fully heat the space

3) I manually set the thermostals without a specific reason

4) Other: [TEXT]

Ale. [IF A7=10R A8 =1] When you purchased your heat pump, did you expect to
continue to use your additional heat source(s)?
1) Yes
2) No

Al7. [IF A8 = 1] Why did you use your additional heat source(s) during the most
recent cold period (January 20 — 22)? Select all that apply.
1) My home got too cold, and | needed to use my heat pump to warm it up
2) | proactively wanted to ensure my home stayed warm enough
3) | was concerned that my heat pump would not be able to fully heat my home
4) | was concerned about the cost of using my heat pump
5) | had maintenance issues with my heat pump
6) Other; [TEXT]

Al18. [IF A7 = 1] Why did you use your additional heat source(s) during other cold
days this winter? Select all that apply.
1) My home was too cold, and | needed to use my heat pump to warm it up
2) | proactively wanted to ensure my home stayed warm enough
3) | was concerned that my heat pump would not be able to fully heat my home
4) | was concerned about the cost of using my heat pump
2) | had maintenance issues with my heat pump
6) Other: [TEXT]

Al19. [IF A7 =1] OR [IF A8 = 1] How often do you typically use your additional heat
source(s) in the winter?
1) Only in emergencies or on the coldest days
2) <5 times per winier
3) 5-15 times per winter
4) 15+ times per winter
5) Very frequently/every day



6) Other: [TEXT]
98) Don't know

A20. During the most recent cold period (January 20 — 22), did your home maintain its
normal indoor temperature?
1) Yes
2) No
98)Don't Know

A21. [IF A20 = 2] How many degrees did the temperature drop? (Please use your best
estimate below)
1) [Number] Degrees (Fahrenheit)

A22. [AS8 =1] How much of the heating in your home during the cold period (January
20 — 22) was produced by your heat pump(s) (as opposed to your additional heating
source(s))?

1) None
2) Some
3) Most

4) All

A23. Did you install any new heating equipment this winter to supplement your heat
pump (such as a wood burning stove, a propane furnace, gas furnace, space
heaters, etc.)?

1) Yes
2) No

A24. [IF A23 = 2] Did you consider installing any new heating equipment this winter to
supplement your heat pump (such as a wood burning stove, a propane furnace, gas
furnace, space heaters, etc.)?

1) Yes
2) No

A25. [IF A23 = 1] Please describe the new heating equipment that you installed.
[TEXT]

A26. How satisfied have you been with your heat pump's ability to warm your space
during the following situations?
[Scale 1-5, 1 being ‘extremely dissatisfied' and 5 being ‘extremely
satisfied’)
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Extremely
dissatisfied

Moderately
dissatisfied

Meither
satisfied nor
dissatisfied

| Moderately
satisfied

Extremely
satisfied

a. During
cold periods
(like Jan. 20
- 22)

b. During
normal
winter
weather

A27.

[IF A26a. < 3] Why are you dissatisfied with your heat pump's ability to warm

your home during cold weather periods (like January 20 - 22)?7 Please describe.

[TEXT]

A2B.

your home during normal winter weather? Please describe. [TEXT]

[IF A26b. < 3] Why are you dissatisfied with your heat pump's ability to warm

A29. Please rate the effectiveness of your heat pump in meeting the heating needs of
the space the heat pump is responsible for keeping heated during the following

situations

[Scale 1-5, 1 being 'extremely ineffective’ and 5 being ‘extremely effective’]

Exiremely
ineffective

Moderately
ineffective

MNeither
effective nor
ineffective

Moderately
effective

Extremely
effective

a. During
cold
periods
(like Jan.
20 - 22)
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b. During
normal
winter
weather

A30.

[IF A28a. < 3] Please describe why you indicated that your heat pump is

ineffective at keeping your home or space warm during cold periods like we
experienced January 20 - 22, [TEXT]

A31.

IF A29b. < 3] Please describe why you indicated that your heat pump is

ineffective at keeping your home or space warm during normal winter weather.

[TEXT]
A32.

[IF A3 = 1] Please rate your satisfaction with the following aspects of your heat

pump(s) compared to your previous heating/cooling system(s). [Scale 1-5, 1
being ‘extremely dissatisfied and 5 being ‘extremely satisfied’]

Extremely
dissatisfied

Moderately
dissaltisfied

Neither satisfied
nor dissatisfied

Mnderateiy
satisfied

5..
extremel

Y
satisfied

a. Your heat
pump'’s
ability to
meet the
heating
needs of the
space that it
is
responsible
for keeping
heated

during cold

periods (like
Jan. 20 —

22)

b. Your heat
pump's
ability to
meet the




J Guidehouse

heating
needs of the
space that it
is
responsible
for keeping

ability to
meet the
heating
needs of the
space that it
is
responsible
for keeping
heated
overall

d. Your heat

cooling
needs of the
space that
is
responsible
for overall

e. Overall
reliability of
your heat
pump(s)

f. The cost
of operating
your heat
pump(s)
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g. Your
electric bill
after
installing
your heat

pump(s)

h. The
frequency of
repairs
needed for
your heat
pump(s)

i. The cost
of repairs
for your
heat

pump(s)

j. The ease
of operating
your heat
pump(s)

A33. [IF A32a. < 3] Please describe why you indicated that you were dissatisfied with
your heat pump's ability to meet the heating needs of your space during cold
periods (like January 20 — 22) compared to your previous heating system. [TEXT]

A34. [IF A32b. = 3] Please describe why you indicated that you are dissatisfied with
your heat pump's ability to meet the heating neads of your space during normal
winter weather compared to your previous heating system. [TEXT]

A35. [IF A32c. < 3] Please describe why you indicated that you are dissatisfied with
your heat pump's ability to meet the heating needs of your space overall. [TEXT]

A36. [IF A32d. < 3] Please describe why you indicated that you are dissatisfied with
the reliability of your heat pump(s) compared to your previous cooling system.
[TEXT]

A37. [IF A32e. < 3] Please describe why you indicated that you are dissatisfied with
the reliability of your heat pump(s) compared to your previous heating/cooling
system(s). [TEXT]

A38. [IF A32f. < 3] Please describe why you indicated that you are dissatisfied with
the cost of operating your heat pump(s) compared to your previous heating/cooling
system(s). [TEXT]



A39. [IF A32g. < 3] Please describe why you indicated that you are dissatisfied with
your electric bill after installing your heat pump(s) compared to your previous
heating/cooling system(s), [TEXT]

A40. [IF A3Zh. < 3] Please describe why you indicated that you are dissatisfied with
the frequency of repairs needed for your heat pump(s) compared to your previous
heating/cooling system(s). [TEXT]

A41, [IF A32i. < 3] Please describe why you indicated that you are dissatisfied with
the cost of repairs needed for your heat pump(s) compared to your previous
heating/cooling system(s). [TEXT]

A42. [IF A32j. < 3] Please describe why you indicated that you are dissatisfied with
the ease of operating your heat pump(s) compared to your previous heating/cooling
system(s). [TEXT]

A43. [IF A3 = 1] Describe how guickly your heat pump responds to increasing the
thermostal setpoint to a higher temperature, when compared with your previous
heating system during lhe following scenarios.

[Scale 1-5, 1 being much slower' and 5 being ‘much faster’)

Much Moderately | Meither | Moderately | Much faster
slower slower faster nor faster
slower

a. During
cold periods
(like Jan. 20
- 22)

b. During
normal
winter
weather

Ad44. [IF Ad43a. < 3 Please describe your experience with the speed of your heat
pump’s ability to change your thermostat setpoint compared with your previous
heating system during cold periods (like January 20 — 22). [TEXT]

A45. [IF A43b < 3] Please describe your experience with the speed of your heat
pump’s ability to change your thermostat setpoint compared with your previous
heating system during normal winter weather. [TEXT]

Ad6. Have you experienced any maintenance issues with your heat pump(s)?

1) Yes
2) No

A47. [IF A46 = 1] When did you experience these maintenance issues?
1) Winter/Fall/Spring (Oct — April)
2) Summer (May — Sept)
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A48. [IF A46 = 1] Did the maintenance issues impact your heat pump’s performance
this winter?
1) Yes
2) No
98) Don’t know

A49. [IF A46 = 1] Please describe your maintenance issues here; [TEXT]
A50. Please respond to the following prompts.

If you were to go back in time, would you:

a. Install the same heat pump(s)? Yes | No
b. Install a different type of heat pump(s)? Yes | No
c. Install a heat pump(s) at all? Yes | No

A51. [IF A50a = "“No”] Why wouldn’t you install the same heat pump(s)? [TEXT]

A52. [IF A50b = "“Yes”] Why would you install a different type of heat pump(s)? What
type of heat pump(s) would you install instead? [TEXT]

A53. [IF A50c = “No”] What type of heating and/or cooling system would you install
instead? [TEXT]

A54, What is the greatest advantage of your heat pump(s)? [TEXT]

A55, What is the greatest disadvantage of your heat pump(s)? [TEXT]

Module B: Electricity Costs

Next, we would like to understand more about how electricity costs may have affected
your heat pump usage this winter.

B4. Before this winter, had you operated your heat pump(s) during the winter months?
1) Yes
2) No

B5. Which of the following statements best describes your electric bills this winter?
1) They are about what | expected
2) They are higher than | expected
3) They are less than | expectedd
88) Don't know

B6. Did energy costs impact how you operated your heat pump?
1) Yes
2) No



B7.[IF B6 = 1] Please describe how energy costs impacted how you use your heat
pump. [TEXT]

Module C: Thermostat Setpoints

Next, we would like to know about how you and your household use your main
thermostat during the winter (October-April). Generally, we would like to understand
what your typical thermostat usage looks like, unless we indicate otherwise. Please
answer these questions based on the thermostat(s) that controls the heat pump(s) in
your home.

€1. Do you or anyone in your household use a thermostal to control your heat pump(s)?
1) Yes
2) No [SKIP to D4]
98) Don’t know [SKIP to D4]

C2. Please select the statement that most closely aligns with how your household
controls your heat pump(s).
1) My thermostat controls the unit, and I/we never adjust the temperature setting
manually
2) My thermostat controls the unit, but l/we occasionally adjust the temperature
setting manually
3) l/we freguently adjust the temperature setting manually

C3.[IF EQUIPMENT_REPORTED = CHP] Some households keep their temperature
setting the same throughout the day and night, and some change the temperature to
different levels at different times of day. What best describes the temperature setting
(for the area your heat pump is responsible for heating) in your home so far this
winter?

1) Temperature is the SAME all the time (i.e., same temperature day and night)

2) Temperature is DIFFERENT at different times of day or night (i.e.,
temperature is different when not home or asleep, automatic or manual
sethack)

97) Cther, please specify. [TEXT BOX]

c4.[IF C3 = 2] Why do you/your household change the temperature setting throughout
the day? [TEXT]

¢s. [IF EQUIPMENT_REPORTED = MSP] Think about the thermostat that controls the
space in your home that is heated most frequently by your mini-split heat pump(s).
Some households keep their temperature setting the same throughout the day and



night, and some change the temperature to different levels at different times of day.
What best describes the temperature setting (for the area your heat pump is
responsible for heating) in your home so far this winter in this heating zone?
1) Temperature is the SAME all the time (i.e., same temperature day and
night) and the unit is left “on” for most of the winter days
2) Temperature is DIFFERENT at different times of day or night (i.e.,
temperature is different when not home or asleep, autematic or manual
sethack)
3) Other, please specify, [TEXT BOX]

C6. [IF C5 = 2] Why do you/ your household change the temperature setting throughout
the day? [TEXT]

C7.[IF EQUIPMENT_REPORTED = MSP] Does your household operate all the
thermoslats for your other heal pump(s)/healing zones the same way?
1) Yes
2) No
98) Don't know

C8. [C7 = 2] Please describe how you operate the thermostats linked to other heat
pump(s)/heating zones in your home. [TEXT]

€9. During the maost recent cold period (January 20 — 22), did your household adjust
your thermostat temperature setting compared with other days that were not as cold
outside?
1) Yes
2) No
98) Don’t know

€10. [IF C9 = 1] Please describe the changes your household made and why. [TEXT]

Ci1. Generally, do you/your household adjust your thermostat temperature setting
more since installing your heat pump(s) compared to your previous heating system?

1) Yes
2) No

c12. [IF C11 = 1] Please describe the changes. Did your household make these
changes in summer or winter? Is your thermostat temperature setting generally
higher or lower compared to your previous heating system? [TEXT]



C13. Did your home reach the temperature on your thermostat during the most recent
cold peried (January 20 — 22)7
1) Yes
2) No
98) Don't know

Module D: Feedback

D4.l|s there anything else you would like to tell us about your experience with your heat
pump so far this winter? [TEXT]

D5.1s there any feedback you would like to share about your experience with the onsite
metering study team and metering installation experience? [TEXT]

D6.Mare generally, is there any other feedback on your experience with the heat pump
programs offered through the Sponsors of Mass Save or Energize CT that you
would like to share? [TEXT]

CLOSE: This concludes the survey that we have prepared for you today. You can expect to
receive your e-gift card directly from noreply@tango.com in 1-2 business days.

If you have any questions about this survey or how your responses to this survey will be used,
please contact HeatPumpStudy@guidehouse.com.
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Appendix C. Select Customer Survey Responses
This section provides summary of additional responses to the primary customer survey.

Figure C-1 shows that almost all the heat pump fuel displacement projects were completed in
residences that were owned by the occupants.

Figure C-1. Homeownership Rate

15 the home owned or rented by you or someons in this
household? (n = 1345)
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Source: Evaluation feam analysis

Almost all customers (92%) indicate that heat pump(s) were installed in their primary residence,
as Figure C-2 shows.

Figure C-2. Residence Type

s the hams wherse you had the haal pump installed your
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Almost all installations went into single family homes (either detached single family homes or
attached homes up to 4 units). About 2% of FD installations went into multifamily homes (5+
units), as Figure C-3 shows.

Figure C-3. Building Type by Heat Pump and Displacement Type
Which bes! describes this bullding?
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Source: Evaluation feam analysis

Figure C-4 shows the distribution of the years which respondents’ homes, with heat pump
installations, were built.
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Figure C-4. Year Built by Heat Pump and Displacement Type
In whal year was your home built?
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Figure C-5 shows the distribution of installations by home size.

Figure C-5. Home Size by Heat Pump Type and Displacement Type
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Source: Evaluation team analysis
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Figure C-6 shows that the majority of customers daing a full displacement installation indicate
completing home weatherization upgrades in response to a Mass Save Home Energy
Assessment or Energize CT Home Energy Solutions service.

Figure C-6. Weatherization Upgrade by Heat Pump Type (FD)

Did you complele weatherizalion upgrades in response lo a Mass Save Hma Energy Assessment /
Energze CT Home Energy Solutions service?
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Source; Evaluation team analysis

A sizable portion of partial displacement installations also received home weatherization
upgrades, although fewer than full displacement installations, as Figure C-7 shows.

Figure C-7. Weatherization Upgrade by Heat Pump Type (PD)
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