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Advanced Metering Infrastructure (AMI) is an integrated system of smiility
meters, communication networks, and data management systeifids evaluation
usesthe term AMI to refer to the source dfourly data receivedrom electric utility
meters

British Thermal Units an8tu per Hour.A British Thermal Unit is the energy neede:
to raise the temperature of 1 pound of water one degree Fahrenheit.

Coefficient of Performance. Thiste ratio of the amount ofheat added or
removed by a heat pump to themountof energy used to move that heat. For
example if 9,00@tu (2.6kWh) of heat is removed from a home during the cooling
season, and thiases3,000 BTU (0.88Wh) of electrical energlp accomplishthe
COP of the heat pump is (9,008,000) or 3.0.

Coefficient of variation (CV). A statistical measure of the dispersion of a populat
data points relative to the mean. It is calculated by dividing the standard deviatic
the mean.

Temperature threshold at which occurrences below such temperature represen
only a small fraction of hours in a year. The rebate program described in the tex
started with a 99% design temperature (meaning only 1% of hours in a year occ
below this tempeature), but shortly afterwards changed to a 99.6% design
temperature.The sample in this study has both 99% and 99.6% design
temperatures.

The Efficiency Maine Reporting and Tracking System (effRT) isca&dldatabase
Efficiency Maine uses the effRT database to manage and track energy efficienc
projects.

Heating Seasonal Performance Factor is a heating efficiency rating for heat pur
that has units of BTU/wattiours.

'0°Y0 O

z

A newer version of HSPF termed HSPFrelaasedJanuary 1, 2023HSPF2 change
a number of testing requirements meant to reflettualfield conditions more
closely.

A kilowatt (kW) is 1,000 Watts ofstantaneougpower and is a rate of energy use.
This measurement is usually used to show the peak power that a facility or a pit
equipment draws.

A kilowatthour (kWh) is a measurement of electricity consumption equivalent to
one kilowatt of demand for one hour.
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MMBtu

Min47 COP

Multi -zone
heat pump

RRV
Relative
precision

Single zone
heat pump

TRM

"

1 million BTUs. The®nventionderives from the Roman numeral M for 1,000, so:
thousand, thousand BTUs. It is equivalent to the heat provided by about 9 gallc
oil used in an 80% efficient furnace or boiler.

COP at theeportedminimumheat outputof a heat pumpat an outdoor
temperature of 47°F.

A heat pumpwith more than one indoor unitvorking in tandem witta single outdoor
unit.

ResidentialRegistered VendorContractors qalified by Efficiency Maine tmmstall
heat pumps rebated through Efficiency Maim@grams

Precisiorisa measure of uncertainty or error around an estimate. Relative prec
is absolute precision divided by an estimate of a mean.

A heat pump that matches a single indoor unit to a single outdoor unit.

tKS ¢SOKYyAOFIt WwWSFSNBYyOS alydzadft o6¢w
formulas, assumptions, and sources that are used to estimate energy and de
impacts of energyefficiency measures.
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1 EXECUTIVE SUMMARY

InSeptember nHOoX 9FFAOASYyO& al AyS 06S8132YyS Al INBtodzYilFa 4.IN@ >
Thisprogrammakesrebates availablefor heat pumpsystens that willa SNIZS a | K2YSQa LN
system.It rebatesone or more singlzone heat pump$l indoorunit to 1 outdoor-unit) in whichthe

capacity of theheat pumpsystemmeetsor exceed80% ofil K S K Igeat Badlat design temperature

and combined with supplemental haag sources, meetor exceed 100% of heat load at design

temperature.As of September 2025pproximately98% of rebated heat pumps9 F ¥ A OA Sy Oé al Ay ¢
WHHP programwvere ductless, witlthe remaining2%ducted

This report presents analgsof WHHRNstallationsthat occuredin Maineduring the first six months of

the WHHPprogramfrom 9/18/2023 through 2/28/2024The first phasef the workincluded analysis of

premiselevel interval dataon electricity consumptiorcollectedthrough theutilitA Sa@v@nced metering
infrastructure (AMI) during the spring of 2024. This analysis estimated heat pump usage by isolating
coldweatherdependentelectricity consumptiofkWh) in each homeéd NE F SNNBR (2 a aLYyAC
A/ fearaégd Ay GKAA NBLR2NIO

Using these results, Ridgeliemergy Analytics {®eline and Demand Side Analytics (DSA) developed a

sample of homes in which to install metering equipmasta subsequent phase of this study. To find out

more about suspected underutilization of heat pumps, Ridgeline and DSAfrdievthe two-thirds of

the WHHPpopulationthat showed the lowest electricity consumptidor coldweatherdependent

kWh.Ridgeline installed metering equipment in homes in late fall 2024 and early winterZ2221

Meter removals occurred in spring 2025, and a new batch of utility AMI data was also collected in spring

2025 to run a parallel analysis tioe metering datad NB F SNNB R { 2AVH & 2@ KAENB &K (!Ka 1A

This study found that, on average, hosparticipaingin9 ¥ ¥ A O A S yViHHPpeogramyli§e@ 804
kWhannuallyfor heating with heat pumps, delivering approximately 52 MMBthedit Compared to

theST NX ASNJ I3SYSNI A2ya 2 FebadeProdgradpiviBofi Aad snalleringedtet K S+ G L
amounts and did no¢stablishany minimum requirements fodesign load capacity, total kwWh

consumption for heating with heat pumps nearly doulleshe new WHHP prograffrigurel). Under

the new WHHP program|egtricity consumedper unit ofrated heat pump capacity rises from

approximately 109 kWh/ kBfued’ to 143 kWh/ kBteaed ' compared to the legacy program design.

Ourstudy findsthat the new program desigqrequiingWHHP system§ 2 &SNS Fa | K2YSQ4&
heating system in order to be eligible for a program rebasggnificantlyincreased electricity usadger

the heat pumps. This higher usaigenot an indication that the heat pumps are operating inefficiently;

on the contrarywe found theircoefficient of performanceGOR has improvedOf greatest importance,

the higher usageorrelates to a finding that these WHHP systems are operating closer to their full

capacity (instead of sitting idle) and are therefore displasiggjficantlymore fossil fuel than the earlier

program design. This suggests that, where the homes were previously heated with costlier heating oil,

propane or kerosene, the increased displacement of these fuels translates into significantly improved

cost savings for the customer and carbon reductiind. Sy al AySQa NBf I GA GBSt e dzyt
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capacity, he higher electrical usage by the heat pump systems willlsdfodepres®lectricity
distributionrates?*

Figurel. Heat Pump Consumption (kWAgross MultipleMaine Studie$®
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Efficiencyexpressed athe CORwas metered for the 160 heat pumps in the stuBigure2 shows the
observed relationship betwee@OPandoutdoor air temperature. The fielthetered CORallsbetween
the COPslaimed by manufacturers (AHRI Reporta)maximum and minimum capaciacross a
range of outdoor temperaturesThe COPsund through ourmeteringin the current studyare higher
thanin previous studies that covered heat pumipstalled in Maindrom 2014 to 2021. We believe
there are several reasorisr the findings of improved efficiency

1 New heat pumps have increased their ability to provide partial load heating and have increased
their ratings at both warm and cold temperatures.
1 Heat pumps in this study are used more continuously than past studies.

1 Triennial Plan VI AppendixX Beneficial Electrification Plan for Maine. 2024.

2The 2023 meter evaluatiocoversheat pumps installed i2020 and 202. The 2023 AMitudycoveisthis same
period.Efficiency Maine Residential Heat Pump Impact Evaluation. 2024.

3The 2024 AMI study and this study examine heat pumps installed fron0g8ItArough spring 2024.
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https://www.efficiencymaine.com/docs/TPVI_Appendix_H1_Beneficial_Electrification_Plan_for_Maine_11-24.pdf
https://www.efficiencymaine.com/docs/Efficiency_Maine_Residential_Heat_Pump_Impact_Evaluation_Report-2024.pdf

1 This study usedeb-connected meters that provided continuous data with nearly no gaps,
reducing the need for data extrapolation.

Figure2. Average FiekiMetered and ManufactureReported COPs vs. Outdoor Air Temperature, with
Metered COP from 2024valuation and 2019 HESP Evaludtion
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Figure3 shows the average power consumptipar heat pumpacross all heat pumps in the metering
sample for January 22025 the coldest day of the 20225 metering period. On this day, average site
temperatures fell below5°F, and peak powealrawexceeded 1 kWer heat pumpFor regional
differences, se&igure32in Sectiorb.

4 Efficiency Maine Residential Heat Pump Impact Evaluation. Abitglstudy evaluated heat pumps installed 2019
-2021.

5 Efficiency Maine Trust Home Energy Savings Program Impact EvaluatiorThi88udy evaluated heat pumps
installed 2014 2016.

RIDGELINE , efficiency™) ¢ . |
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https://www.efficiencymaine.com/docs/Efficiency_Maine_Residential_Heat_Pump_Impact_Evaluation_Report-2024.pdf
https://www.efficiencymaine.com/docs/HESP-Evaluation-2019.pdf

Figure3. Average Power Consumption vs. Time of Day for Coldest Day (1/22/25) in Metering Period, per
Heat Pump (=160)
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Lookingacross all 78neteredhomes and sorting by perceseof heat load met by heat pumps, we can
see(Figured) that many of the highst users of heat (of all heat sources), that is >70 MMBturelate

to the lowest use of heapumps to meet their heatintpad. Moderateconsumersof heat (all sources)

were more successftthan highconsumersn fully heating their homes with heat pumpand homes

that consumed the least heat overatiere more likely to achievihe highestshareofiil K SA NJ K2 YSQa
heating needs frontheir heat pumps
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Figured. Total Heating by Home Ordered by Percent Heat Pump Heating (n = 78)
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This study found that the WHHP program approach increased the use of heat pumps, and that heat
pumps provided over®5b of total heating needs in the hom&¥ood heat accourt for 10%andfossil
fuel use accounts fahe remaining 19%f total heating needs.

e
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2 BACKGROUND

EfficiencyMaine historically offered incentives for heat pump installatddhat containedminimum
requirements forefficiencyand coldclimate performancebut did not require that heat pumpservea
minimumcapacity2 T (0 KS K2 Y& fedignkeSpeiature 2 | R

In 2023, Efficiency Maine contracteBemand Side Analytics (D$&perform a pre/post AMI analysis of

homesthat received a rebatérom Efficiency Maine for a supplemental (not whéleme) heat pump
installedbetween2019and 2021 Separately, Efficiency Maine contracted Ridgeline Energy Analytics
(Ridgeline) taneter residentialheat pumpg(installedthrough the Efficiency Maine progranrs2020

and 202) duringwinters 2021-22 and2022-23® wA RISt A yBefangrbsBltsitielli 2 F G KS
Residential Heat Pump Impact Evaluation (262#)e results fronboth of theseanaly®s indicated that

the rebated heat pumpswerelS NF 2 NY¥ Ay 3 ¢St Ay al Ayubderdtlizélz t R Of A Y
relative to their full potentiabndmany homeowners continued to rely on theentralfossitfueled

heating system§ 2 & dzLJLJ @ @I NBAyYy 3 RS 3INBWEentteheatiphsrk 2 YSQa KS|
underutilized relative taheir full potential, Maine homeownerstend to usemore of their traditional

fuels to heat their homegesulting in higlkr costs As noted in the prior section nderutilization of heat

pumpsin Mainealsoresults in higherir pollution levelsanda missed opportunity to depress electricity

distribution rates.

In response to these findingEfficiency Maineedesigned the heat pumprogramby, among other

things, limitingrebateeligibilityi 2 WholeddlomeHeat PdzY LJE 6 3ystdminténded to serve as a

K2YSQ& LINA Yl NEAVKHSP sydteyns odednawbith ¥um of allheat pump(s)n the

home aredesigned andsized to meett least 80% of the N6 S Q@eakheating loadThe remaining 20%

of peak heating load, if not met by heat pumpsaybe met by asupplementakystem’ Efficiency

Maine launched it8WHHPrebate in September 2023ereafter, theterma f S3I+ O adafést SYSy i |
tod KS SFNIASNI AGSNIGA2Y 2F 9FFAOASYyOe alAySQa LINER3
intended for use as a supplement to an existing, central furnace or boiler were eligible for a. rebate

Inthe spring of 2024 Efficiency MaineontractedDSAto performanew pre/post analysis for homes
that received a WHHP rebaéeNB F S NNB R (i Analys&ié GA W A iii Ak #@itiaNabizalysis 0
found that heat pump utilization wasigher under the WHHP rebatiesignthan ithad beenunder the
legacy supplemental structur€igureb compares the distribution of poghstallation annuaheating
related electricity usdetween the twoprogram designs (i.elegacysupplemental HP versus WHHP)

6 Efficiency Maine Residential Heat Pump Impact Evaluation. 2024.

7 Subsequento the launch of the WHHP rebat&fficiency Maine clarified that a central furnace or boiler is not
considered an allowable supplemental heating system

8 Hectricity used foheatingwas calculatedising outputs from the AMI analydigised on aveatherdependent
pattern. If electricityusefor a hometrends downward with decreasingutdoor air temperature, the predicted
coldweatherdependentelectric usds characterized & @ y S A hegativéeectridity use foheating does not
make theoretical senseit just means the relationship betweeslectricityusage and outdoor air temperatuis
the opposite of tharend wewould expect to see in a home that relies on their heat pump for space heating.
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https://www.efficiencymaine.com/docs/Efficiency_Maine_Residential_Heat_Pump_Impact_Evaluation_Report-2024.pdf

Thegreendistribution represents the AMI-predicted electricity usef legacysupplementaHP
participants and the translucendistributionrepresensthe AMI-predicted electricity use bWHHP
participants Temperaturedependent electricity uses clearly greatefor WHHPparticipantsthan legacy
supplemental heat pumparticipants butthe left half of the WHHP distribution Figure5 suggestd
that many participantswould, according to the modedtill be underutilizing their heat pumps

Figureb. PredictedPostInstallation Heat PumElectricityby Home
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Bl | egacy Supplemental Rebate 3 Whole Home Heat Pump Rebate (First Winter)

To better understand what was happening in the homes on the left side of the WHHP distribution from
Figure5, Ridgelingoerformedfield meteringon a subset of home®ased on the estimateslectricity
usedistribution above, DSA binnafHHP participantsto one of fourusebins: negative, low, medium,
and high(see footnote8 for discussion on the negative heatiatgctricity us¢. WHHP participants/ith
non-negative useavere split into bins by thirdeather than using specific kWh or kWhitkBf capacity

cutoffs.¢ KS K2YSa Ay wkdnplévera séiScied frov Snly $hdldlegadive, low, and
medium bins.

Geographic filters were placed on the datasetimoit technician drive times for meteringpowever,
much of Maine was covere@ablel shows the number of homes in each birD8A) kitial AMI
analysis an@Ridgelin€ @etering sample. The table also shatlve range of postnstallation heating
electricity useand other summary statistider each bin

RIDGELINE |, efficiency) ¢ | |
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Tablel. Binsby Temperature Dependent Electricity U@aitial AMI Analysis)

Average Total

Number of Range of Average  HouseholdMax Number .Of
, Homes in e .. Homes in
Usage Groufiin " ElectricityUse ElectricityUse Heat Pump :
[l L] (KWhlyr) (COYIIEED) Capacity Metering
Analysis _
vy (kBtU\/laxDeSIgI) Sample
Negative(01) 57 <0 -888 31.9 8
Low(02) 312 0¢3,250 1,713 30.4 34
Medium (03) 312 3,250¢ 6,130 4,667 336 36
High(04) 311 > 6,130 9,296 422 0
Total 992 4,870 351 78

Ridgeline metered all heat sources (not just heat pumps) in each home. In metering all heat sources, we
could better understand what percentage eichhome@ heaingload was being delivered by the heat
pump(s).Chaptes 5 through 8 of this report provide dditional details regarding the meterinmgethods

and findingsRidgeline metered60outdoor units and 166 indoor uniia 78 homes.The dectricity

used by each heat pump, the amperage drawn by each indootHartemperature of the air supplied

by each indoor unit, and the temperature of the air returned to each weite measuredThese
parametersalso allowed the calculation of the efficiency of each heat puRgsearch questions for the
metering portion of the study include:

1 How much power is drawn by each heat pump and how does it vary with outdoor temperature?
1 How much heat is provided by each heat puamal how does that vary with outdoor
temperature?
1 How are other sources of heat used in the home, and at what outdoor tempesdinecthey
turned on?
1 What is the ratio of heat provided to electricity used for the heat pufnps

In parallel with metering, DSA refreshed the AMI analgsigarly WHHP participantsith additional
postinstallationAMIdatad NBE ¥ SNNBE R (i 2A/I & & @ vk S E NBRyiKa poikkansof hdidesJ2 NI 0
in the Initial AMI analysisonly alimited timeframe ofpostinstallationAMI datawas availabldecause
customers hadnstalledtheir heat pumps in the second half of winter 2628. Much of the additional

AMI data overlapped with the metering period. One goal of RefreshAMI Analysis was to compare
estimated heat pumglectric usgproduced through regression modeling with actual metehedting

kWh.Key research questions for tiefreshAMI Analysisand the AMI/metering comparisoimclude:

1 How accurately can heat pump loads be predicted through an AMI analysis?
9 Are certain regression model specifications better at estimating heat pump loads than others?
9 Are there situations where the AMI approachrisre or less applicablihan metering

Additional details regarding thRefreshAMI Analysisncluding AMI/metering comparisoran be found
in Chapter9, RefreshAMI Analysisind Appendix B
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3 INITIALWWHHPAMI INVESTIGATION

In September 2023, the Trust began offering ¢héhole Home HeatPumpé 6 2 rebatethroughtwo
programs: (1jhe Home Energy Savingsogram and(2) Low and Moderatelncome InitiativesTo be
eligible forthe WHHRebate, the newly installedheat pump(s), together witlany previouslyexisting

heat pump(s)must be sizeduch thathe K S| & LldzYLJA OFy RSt AGSNI G Sl a

heating loadDSA performed a pre/post AMI analysis of WHHP participantsneltalledone or more
heat pums between September 2023 and February 2024. This chapter describes the data sources used
for the AMI analysis, our regression approach, and the results.

3.1 DATA SOURCES

At a high level, there were four primary data types used for this analysis:

Program tracking datafro®@ F FA OA Sy 0é al AySQa wSdfRINIAYy3 | yR
HourlyAMIinterval data forhomesparticipaing in the WHHP program

Historical weather data
1 Typical meteorological yedfMY 3weather data

= =4 =4

These four data streams are discussed in subsegeestionsand the development of the analysis
dataset is discussed in secti8ri.4

3.1.1 Program Tracking Data

The effRT program tracking data captures key information on kagcte that received a WHHP rebate
including theprogram pathway (low incomenoderateincome, or any incomejnstallation date and
details regardinghe incentivized heapump equipment.Two of the key fieldsegardingthe heatpump
equipmentwere (1) the rated heating capacity at J7for the rebated units and (2) the sum of the max
capacities at the design temperature for ladlat pumps at the household (including heat pumps that
were previously rebatednd heat pumps that were not rebatedihis section provides details on
relevant program tracking fieldssed in our analysis.

Figure6 showsthe cumulative count of participantsy date.Roughly halbf the installationsvere
completed beforeJanuary2024, but a notable shamsere installedafter the coldest days of winter had
already passediny projects completed on or after March 1, 202+re excluded from thénitial AMI
analysis due to a laai sufficient postinstallation winter data at the time of analysip(ing2024).

@
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Figure6. Cumulative Participatiom WHHRby Date
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Figure7 showsthe breakdown of the rebated unitsy manufacturer Mitsubishi Electric and Fujitsu
alone account for about 70% of all units, with Samsung, Daikin, and a handtbkeobrands making up
the balance. The ten most common models were ciddescked against the AHRI directory to confirm
ratings and coletlimate eligibility.

Figure7. Units Breakdown by Manufacturer
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B Mitsubishi Electric ™% Fujitsu © Samsung Daikin Other

Table2 summarizes key metrics ftlomesthat receiveda WHHPrebate during the period of
investigation. The averagated heat pump capacity at 47Br the rebated heat pumps 14.8 kBtu/h,

22
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andthe averageotal householdmaximumheating capacityt design conditiongs 34 6 kBtu/h® This
matches well with the fact thabn averageparticipants installed 20 3 heat pumps to meet the whole
home sizing criterig either throughincentivizedWHHPinstallationsonly or in total between WHHP
incentives prior heat pump installationsandnew non-rebated multizone units

The average rated HSP&2heat pumpsn homes that received ebatewas 11.3which is

approximately 3.3 times more efficient than electric resistaheating Even under % conditions, fleet
wide efficiency remains high, with an average rated COP of 2.4. Neartyuaneer of homeshat

received aWHHPrebate hadalsoreceived a prior heapump rebate under the legagyrogram offering

for supplemental heat pump Theincidenceof existing, supplementdieat pumpsn homes that

received a subsequent WHHP rebatét A YLR NI F y i (2 O2y&aARSNI 6KSy
in the AMI analysis.

Table2. WHHPTracking Data Summary Statisti€srough 4/7/2024)

Metric ‘ Value
AverageRatedCapacity oHeat Pump Installedthrough Progran{47°H
14.8
(kBtu/h)
Average Total HousehoMaximumHeating Capacitgf Heat Pumpsat or Below
: R 34.6
Design Temgrature (kBtu/h)
RatedCOP @°F 2.4
HSPF2 (Btu/Wh) 11.3
AverageContractor-Calculated Heat Log@Btu/h) 29.1
Averagé® Annual Heat Load (MMBtu) 75
Percentage of Homes with Prior Heat Pump Rebate (%) 23

*This average capacitgflects all homes ithe tracking dataThecapacity value shown ifiable1 only reflects homes in the
initial AMI analysis.

Figure8 showsthe distribution of totalhouseholdcapacity kBtuvax¢'9"), Figure9 showsthe distribution
of living square footage, arfEigure10 shows the relationship between thes&o variables According
to the 2020Residential Energy Consumption Sunaey A y S Q a rediderfiaNdniasroughly 1,660
ft2 of conditioned area (living spac&)More than60% ofhomesin this studyhaveliving spacefess than

9 Design conditions vary by geography withmes mapped tdortland at 0 degrees (F), Bangor-@tdegrees (F),

and Caribou at14 degrees (F)'he source of capacity at design conditions isrét®ate claim form filled out by the
contractor.Manufacturers report capacities &arying conditions and in the NEEP database include capaciti at 5
andat a lower temperature that is oftebelow zero

10 As calculated in effRT using thénimum of (installed HP capacity at design temp or reported Heat Load at
design temperature) * 186,648 / (Tio) / 1,000,000 where 186,648 is the population weighted average TMY3
heating degree hours, TiTo is assumed to be 70 degrees F, and 1,000,000 corr@riBtu to MMBtu.

Uywnuwn wSAARSYGALE 9YySNHE /2yVadzYLIiA2Y { dzNBSé&s ! of ¢
F22G1K-3S Ay ! ®{d K2YSa o6& aidlasS¢o
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https://www.eia.gov/consumption/residential/data/2020/state/pdf/State%20Square%20Footage.pdf
https://www.eia.gov/consumption/residential/data/2020/state/pdf/State%20Square%20Footage.pdf

the state averagé? Homes in this sizeangetypicallyinstall 16¢44 kBtu/h of heatpumpdesign
temperaturecapacity.

Figure8. Distribution of Total Household CapacikB{uvas'?")
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Figure9. Distribution of Living Square Footage
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12bid. According to property tax dataverage living square footage was 1,638 for lloenes in the AMI analysis
of legacy supplemental HAsor homes included in thiaitial AMI analysis, the averags 1,457. For homes
included in theRefresh AMI analysis, the averagel ,490. For homes included in the meterirapple the average
is1,337.
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FigurelOshows a neatinear trend where each additional square foot adds roughlg205Btu/h ofheat
pump capacity. This is not surprising because most contractors catthked¢ load using an estimate
of 20Btwh/ ft2, one of the options in the program application

Figurel0. Relationship Between Living Square Footage and CaplaBity4,°¢"%)
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© Unique Premise  — - Linear Trend

The program tracking data did not contain the electric utility company or the account number for the
participants, but it did contain the participarfisame and installation address Some records

contained a phone number arah email addressWe also received program tracking data for Efficiency
al AySQa St SOi KBV AccaetionTis dsta veaF uBesl halaf Aomes that installed heat
pumps and purchased an EV around the same time. The preseaoddtonfounds pre/post AMI
analysis for these homeso they were removed from the analysis in the filtering process described in
Section 3.3.1

3.1.2 Interval Data

Participant information from the program tracking data wesed to map participants to specific account
numbers in the Central Maine Power (CMP) and Versant customer datadisegperforming this
mapping,we requested a history of AMI data froBMP and VersanBoth utilities were able to provide
1-hour interval data fomost ofthe accounts in the data requestable3 provides asummaryof the

data we receivedDue to the timing of the analysis, we did not receive any {iustallation summer

data. This was not an issue since our primary focus was usage during the heating Geeaverage, we
had approximately 2.25 years of pparticipation data and about four months of pgsarticipation

data.

RIDGELINE efficiency | |
menerg\/analytics MA'IP .»DemandS'deAnalgucs




Table3. Count of Service Points

Average Number of Pre  Average Number of

S AU i1 ACEBUITIE Installation Days PostlInstallation Days
CMP 1,195 835 108

Versant 238 827 109
Total 1,433 834 108

Across all homes in the AMI dafigurell shows average daily consumptifor the heating seasohy
day of year for both the prénstallation (gray) and poshstallation periods (green)he postperiod
data excludes data from theoolingseasonThe increase in consumption in the pgueriod winter
months is evident. Note this figure reflects raansumption not weathernormalized usage.

Figurell. Heating SeasoAverageHouseholdDaily kWh by Day of Year and Petiod
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* Analysis othe postperiodonlyincludeddata fromthe heating seasorihe cooling season
wasnot part of the dataset

3.1.3 WeatherData

This analysis incorporates two types of weather data: historical weather dattypitdimeteorological
year (TM') data. Historical weather dataasused to estimate the relationship between temperature

and energy use, while TN3¥ata were used to predict heat pumysageunder typical longerm climate
conditions.

Using a zigio-station map provided b¥fficiency MaindFigurel?2), each participant account was
mapped toa nearby weather station based on their zip colteFigurel2, the black dots represent the
weather stations. In total, fifteen candidate stations were used. The most common stations were Bangor

International Airport (23%), Aubuinewiston (15%), Augusta Airport (11%), and Portland International
Jetport (10%).
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Figurel2. Mapping Zip Codes to Weather Statibhs
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3.1.4 Preparing the Analysis Data Set

The key step in creating the analysis data set was merging the AMI data with the weather data and key
characteristics from the program tracking dasaich as installation date and zip code. Prior to running

the merge, hourly kW readings were aggregated to daily kMiéis, and hourly temperatures were
averaged for each day.

Figurel3shows average daily consumption (gray line) and average daily temperature (green area). Note
that the gray line reflects a mixture of both phestallation and postnstallation data, as installations
occurred throughout fall of 2023 and winter of 2024 aTkaid, average daily consumption is clearly

higher during the2023-24 winter than either of the prior winters. Many of tmebate recipientdhad

partial or fullelectric heating (either supplemental heat pumps or primary electric resistance heating)
prior to their WHHRnstallation

13Based on climate datafrom{ 5! Q& wHnwHo tfl yvi || NRAySaa %2yS al L)
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https://planthardiness.ars.usda.gov/

Figurel3. Average Dail{HouseholdConsumption Time Series
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25% of participants are in the POST period by 12/1/2023; 50% by 1/1/2024; 75% by 2/11/2024.

Figurel4 showsaverage daily consumption across different temperature bins (incremented by 1
degree). The right panel represents WHp#ticipants,and the left panel represents participants under
the legacy supplemental rebate design. See Chabter discussion on the transition from the legacy
rebate design to the WHHP design. Focusing on the right panel, the increase in dailgdafthr
WHHRinstallationis evident After installation householdsvere using approximately 50 kWh per day
when average daily temperatures were betweerfA@nd 20F, compared to approximately 30 kwh per
day prior toWHHP installation

In comparing the two panelthere are a few key takeaways

9 The postperiod temperature ranges diffed between the twaanalyses. For the WHHP analysis,
which gathered data during the winter of 2023, average daily temperatures rarely dropped
below 10JF in the post period. For tHegacy supplemental rebate analysig)ich spanned two
winters,average daily temperatesin the post period dropped dowto near-10JF. The study
hadno insight intowhat electricheatingusefor WHHP participants would look like
between-10JF and 10Fdue tothe lack of very cold temperatures duritige winter of 2023-24.

1 Postinstallation loadsafter WHHP rebateare higher than they werafter legacysupplemental
rebates

1 Pre-installation loads for WHHibatereflect considerably more electric heating than the pre
installation loads for the legagupplementarebate. (Twentythree percent(23%)of homes
with aWHHPhadreceived a rebate for a supplemental heat pump prior to their WHHP
installation)

Due to the relatively high prmstallationcoldweatherdependentelectricuse one of the primary
reporting metrics we looked at was tipeedictedpostinstallation coldweatherdependentelectricuse
only (rather than pre/post) Looking at the delta between the pperiod and posperiod will understate
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how much the participants rely on heat pumps since phe-period reflects the use afupplemental
heat pumps fonearlyone-fourth of participants'4

Figurel4. Average Daily Consumption by Temperature
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3.2 REGRESSION MODELING

As noted in the prior section, there were two primary metricsegéimated (1) the postinstallation
coldweatherdependent electric usand (2) the delta between the prand postinstallationcold-
weatherdependent electric useéBoth metrics can be expressedkiivh, or they can be normalized to
maximumheating capacity of the heat pumps design temperatur¢kWh/kBtuwa>s').

Producinghese estimates entails two stepBirst, we use historical data to understand the relationship
between daily consumption, temperature (in the form of heating degree days and cooling degree days),
and period (pre or post). Then, we cast this relationship over a typical meteorologicdlexgatrto

estimate weathemormalized metricsWe chose taun individual customer regressianodels(ICRs)

rather than one pooled model. The ICR approach enables unlimited slicing of the results across any
dimension of interestWe also anpooled modes to check the ICRsults,and theaverage results were
quite similar.The model specification for the ICR models is shown below.

QoE I 1T 260071 2000
T z0€éd 1 z 0€AzZOEO00 1 z 0 édz000
I ZOEEDOE T z'YOO OD QI i €
In this model:

1 Suppose a home used 500 kwWh for heating in the pre period, then 2,500 kWh for heating in the post period. The
pre/post delta is 2,000 kWh and the peisistallation coldweatherdependent electric uses 2,500 kWhin this

hypothetical, he pre/post deltawvoulddzy RSNAR G §S K2g YdzOK 2F GKS K2YSQa KSI i
pumpsby 20%
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1 "QdQ represents the daily kWh on day

1 6 O'Gnd" 00 Oepresent the dailyxooling degree day<OD at base 70 degrees (&hd daily
heating degree day$H0DD at base 60 degrees (&) dayo.

f 0 &d is an indicator variable that equals one if deyccurs in the posinstallation period, and
it equals zero otherwise.

1 0 ¢ ¢ Ddhrough"Yd o 6d deindicator variables) ¢ € '@ (for example, equals one if day
0is a Monday, and it equals zero otherwise. (With this approach, Sunday is treated as the
baseline day.)

1 Oi i gepresentsprediction erroron dayo.
And the parameters are interpreted as follows:

1 1 represents the expected base daily kWh (meeatherdependent) on a Sunday in the pre

period.
1 1 represents the expected change in greriod daily kwh for each daily CDD.
1 T represents the expected change in gveriod daily kWh for each daily HDD. If this coefficient

is positive (and statistically significant) for a given premise, thespprimd daily consumption
increased as average daily temperatures decreased. This sogdgst some form of electric
heating (though there are other possible explanations sudhyasonic circulatopumps,
furnace blower fans, and lighting).

1 1 represents the expected change in base daily kWh+{meatherdependent) in the post
period.

1 T represents the incremental effect of each CDD on daily kWh in the post period. If this
coefficient is positive, then the premise used more kWh per CDD in the post period than they
did in the pre periodln practice, we observed no CDD in the gostiod of the initial AMI
investigation so this coefficient was omitted for each home.

1 1 represents the incremental effect of each HDD on daily kWh in the post period. If this
coefficient is positive, then the premise used more kWh per HDD in the post period than they
did in the pre period (i.e., increased load in the winter after instabitngat pump).

1 1 throughf represent the expected change in base daily kwWh for each day of the week
(wheref  corresponds to Mondays$, corresponds to Tuesdays, and so &n).

The model estimates can be combined with TMY weather data to predict weatheralized annual
pre and post consumptiofexample regression output is showrFigurel5, andTable4 illustrates how
the metrics arenormalizedfor a location with 6,118 annual HDD60 and 104 annual CDD70. The practical

Bhaid G(KFEG GKSNB A& y2 aRlIe 2F 6881¢ 0O2YLRYSy( (2 ¢a,
O2yadzyLliAz2y s 6SIHGKSNE FyR RIFE& 2F $6SS1 20SNJ G6KS ¢a, RI
$SS1¢ OFf Odz I (i A 2hglsd neyligible bt @ndrdeffectb weatlehoNdalized pre and post

annual consumption but has no effect on the impact estimate.
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interpretation of the HDDG60 coefficierit (= 0.230) is that predicted pygeriod daily kwh increases by
0.230 for each additional HDD60. The practical interpretation of the coefficient for the Post*HDD60

interaction termi = .424) is that predicted posgteriod daily kWh increases by 0.654 (0.230 + 0.424 =
0.654) for each additional HDD60. In other words, this account used 0.424 more kwWh per HDD in the
post period than they did in the pre period

Figurel5. Example Regression Output

source 55 df M5 Number of obs = 1,257
F(11, 1245) = 382.59
Model 79263.0395 11 7205.73086 Prob > F = 2. 0000
Residual | 20647.6967 1,245 23.813411 R-squared = 8.7278
Adj R-squared = 9.7254
Total 188918.736 1,25%6 B86.7123695 Raoot MSE = 4.8799
kwh | Coefficient 5td. err. t P>t [95% conf. interval]
f post .2468375  .4614978 0.53  0.593 -.6585618  1.152237
f cdd7e . 2880586 .1391441 2.87 @.a839 . 8158758 .5618414
I hddse .2297126  .9128751  17.84 0.000 .2044533 .2549718
T post#c.cdd7e
1 . 56086919 .2154841 2.59 a8.810 .1359779 . 9854859
1 post#c.hddeg
1 .4243657 8281802 21.83 Q. 000 . 3847747 4639568
dow
1 -2.66509  .5147015 -5.18 ©.800  -3.674868 -1.655312
2 -.9825748 .5166223 -1.75 B8.881 -1.916121 1189717
3 -2.925754 .5144412 -5.69 2.000 -3.9350822 -1.916487
4 -1.833318 .5159446 -3.55 0. 000 -2.845535 -.8211813
5 -3.868826 .53144636 -5.95 2.000 -4.878137 -2.851514
6 -3.351546  .5165914  -6.49 0.000  -4.365032 -2.33806
f _cons 9.646457  .4267598  22.60 0.000 8.809200  10.48371
Table4. Exampldmpact Calculations
Component Metric Calculation
ColdWeather Pre 0.230* 6,118 = 1,407 kWh
Dependent Post (0.230+0.424 * 6,118 = 4,001 kWh
Electric Use Impact 4,001 kWit 1,407 kWh = 2,594 kWh
WarmWeather Pre 0.288* 104 = 30 kWh
Dependent Post (0.288+0.56)* 104 = 88 kWh
Electric Use Impact 88 kWhc 30 kWh = 58 kWh
NonWeather Pre * 365.25 = 3,523 kWh
Dependent Post ( + ) * 365.25 = 3,613 kWh
Electric Use Impact 3,613¢ 3,523= 90 kWh

These calculations assumé 68 annual HDBO0 and 104 annual CDI2O.
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¢ KS Y S i NEduiVeathg:Dapdhdent électric Use N@spegifically the pogperiod metrig
which accounts foanyexisting heat pump# addition tonewly installed heat pumps through WHIgP
are the metrics of interest for this analysis.

3.3 RESULTS

Overall, we estimatedveragepostinstallationcoldweatherdependent electric use be 4,870kWh

per year.The areragemaximumheating capacityat design temperaturéor the homesn thisinitial AMI
analysisinclusive of heat pumps installed priorttte WHHPiInstallationand/or heat pumps that were
not rebated wasapproximately35.1 kBtu'h. This section provides details on filters we applied before
calculating these averages as well as some other summary metrics.

3.3.1 Filters

Prior to summarizing the results, we filtered out approximately 20% of accounts. The goal in applying
filters is to isolate accounts where we expect (1) the impact of WHHP participation is not confounded
with other load modifiers such as the installatiohsolar panels ocharging ofinelectric vehicle(2)

there are no data quality issues, and (3) the consumption for the home is reasonablieegidential
property. The following filters were applied:

1 Insufficient data.Homes with fewer than 300 days of pparticipation data were filtered out.
Homes with installation dates after 3/1/2024 were filtered out as well.

1 Solar powerHomes with known solar power (per utility database information) or homes with
typical solar load shapes were removed.

1 Rebated electric vehiclddomes that received an Efficiency Maine rebate for an electric vehicle
were removed, as these homékely charged an Edlring the analysis period.

1 Low or high preparticipation annual consumptionA threshold of 500 kWh was used for the
low end, and a threshold of 40,000 kWh was used for the high end.

1 Zero readsHomes with several days of 0 kWh were removed. Among other possibilities, no
consumption could indicate a data quality issue or a home with solar paegts with
widespread power outages were removed from the entire dataset, separately from the filter for
individual homes with several days of 0 kwh.

Table5 shows the number of accounts that remained in the analysis after applying each filter. If the
filters were applied in a different order, the interim table values would change but the final account tally
would not.

Table5. AMI Analysis Filtering

Filter Accounts Remaining

Total accounts before filtering 1,433
Insufficient data 1,378
Solar power 1,234

Rebated EV 1,2%
Low or high preNHHP annual consumption 1,245
Several days of zero reads 1,14

WHHP installation date on or after 3/1/2024 992
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Filter Accounts Remaining
Total accounts after filtering 992

3.3.2 Annual Impacts andPredicted ColdWeather-Dependent Electric Use

Table6 shows summary statistics from the initial AMI investigatiéstimated posinstallation cold
weatherdependent electriaise isshown in kWhand kWh per kB9 The latter metric
(kwWh/kBtu) allows for making comparisons across hoofesrying sizeroviding insight into the
relative intensity of heat pump usagéle found an average pre/post impact&fl76 kwh and
predictedpostperiod coldweatherdependent electric use averagdB70kWh (or 147
KWh/kBtuva®9). The distribution of postnstallationcold-weatherdependent electric use shown in
Figurel6. There is some discussionChaptel3.3.3on the predictionsof negativeelectricuse which
are theoretically implausibléNote thatthe average of the normalized values (KWBfuva2s') differs
from a calculation of the averagmld-weatherdependent electric usdivided by the average capacity
because othe weighting of individual homes.

Table6. Initial AMI Analysig Results

Metric P25 P50 P75 Mean
Total Household kBti,2es9" 24.0 32.6 42.7 351
ColdWeatherDependent kWh/year 2,148 4,440 7,134 4870
Electric UsePost Period kwh/kBtLMaxDesign 71 132 204 1477
Pre/PostColdWeather
Dependent Electric Use Delt; KWhiyear 684 2,695 5,250 3,176
I y2NXIFEAT SR YSONRO 612Kk].0Gdz0 F2NJ 0KS at NBkt2ad |
installed between the pre and post periods could not be accurately assesSksednote that the capacity metric used in
this table (kBtwaPes19) represents the total for the household.

16 kBtuvax’®s9"represents thehousehold sum of thenaximum capacity at or below design temperature based on
manufacturer reported data as reported on the claim form

¥ This number is larger thahe ratio of the averages because it is an average of the ratios.
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Figurel6. Distribution of PostnstallationColdWeatherDependent Electric Use
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Homes with more heat pump heating capacity generally have higher estimatdaveatherdependent
electric usgFigurel?), though there is considerable variation. Normalized to household heating
capacity average postnstallationcold-weatherdependent electric usevas147 kWh perkBtuyaeso"

Figurel?7. EstimatedColdWeatherDependent Electric Uses.Heat PumkBtuyaes9"
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Larger homes also generally had higher estimated-a@dtherdependent electric uselhe left panel

of Figurel8 shows the distribution of predicted poststallation coldweatherdependent electric use
across different home living square footage bins (per property tax data). The right panel shows the
averagepredicted postinstallation coldweatherdependent electric use in each bin
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Figurel8. Estimated ColWeatherDependent Electric Use vs. Home Living Square Footage
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3.3.3 Additional Context
Below we provide some additional context on the findings of the initial AMI investigation

1 Installation dates.Based on visual reviews, we found evidence that the WHHP installation dates

stored in the program tracking data generaityrresponded to the start of heat pump ubet
were occasionallyff by a fewweeks In ananalysis withmore postinstallation data, wevould
typicallyapply a blackout period around the instdlbn date. Giverthe limited availablgost
data, we did not apply a blackout perifor the initial AMI investigatiorhut wedid apply a
blackout period forhe Refresh analysidiscussion itthapter9.

1 Negativecold-weather-dependent electric useOur AMI analysis resulted in a predictioh
negativecold-weatherdependent electric uséor approximately 6% dfiomes. This seems
unusual, and negativeelectric usds simplynot possible Ourcoldweatherdependent electric
useestimatesuse alinear relationship between daily consumption and average daily

temperature.For some edge cases, heat pump usage did not increase as outdoor temperatures

dropped.SeeFigurel9for an examplef a home with a predictionf negative use
Consumption at this home clearly increases after the heat pumps are installed, but the
relationship between consumption and outdoor temperature does not conform to what we
would expect to seeWhen heat pump usage is not tied to weather conditions, the estimates
from the regression model may become counterintuitive (like predicting negatilceweather-
dependent electric use
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Figurel9. NegativeColdWeatherDependent Electric Udexample
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Figure20. 11-Year History of Supply Rates in Mafe
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https://www.maine.gov/meopa/sites/maine.gov.meopa/files/inline-files/Electric%20Bill%20Components%20%28Online%2C%20FERC%20Link%29.pdf

4 METERED HOME CHARACTERISTICS

This section presents subset of homewith heat pumps installed before March 1, 2024, metered from
December 2024 through April 202Bat wereinitially analyzed using AMlatafor winter 202324
(Section 3f this repor). As stated earlier in the report, the objectigéthe meteringportion of this
studywas to determine the driving factors behitamlver-than-expectedutilization levels observeih the
AMI data for certain heat pumpmstallations. Based on the Initial AMI analysisWorter 202324, the
metering study dividethomes into categoriesf usage levet Low(L) Medium (M), and High(H)use

(see Table 1 for details)based on their electricity consumptioAn additional category af bgative
(N)was established fonomeswhosemodeled electrical usdecreaseé with decreasing temperatuse
The samplaised in the metering studipcusedexclusivelyon homes segmented adegative,Low, and
Medium, where temperaturedependent electricity use was less than expected.

Asdescribed previous|yat each home, Ridgeline meterddt one-minute intervalg the powerto each
heat pumpoutdoor unit,the amperageto indoor unit fansthe indoor unit supply air temperatureghe
indoor unit return air temperaturesandthe outdoor temperatures. Additionally, balometer testing was
conducted to establish a relationship between fan current and airfmveachindoor heat pump head
Othersources oheatingwithin the home,including boilers, furnaces, wood stoveppt fossil heating,
and electric resistance elemenigere also metered to llbow a moreaccurateand comprehensive
picture of how homeowners were heating their homes overile metering methodology idiscussed
more thoroughly iPAppendix A: Metering Methods

This data would:

91 Provideverification for theAMI analysisy checkngits accuracy for these categoriestaimes.
1 Give insight at the household lead towhy the heat pump#n the Low and Medium (usage)
homesconsumed less kWh than expected.

4.1.1 Metered Home Locations

The initial sample design for this study wag&§idential homesUltimately, this studycomprised78
homesdue to one cancellation and one power meter failubetotal of160 heat pumpgoutdoor units)
were deployed across these 78 homEfgyure21 shows thegeographic spread of the 78 homes in the
metering sample.
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Figure2l. Map of Study Area
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The study was focused on the more populated areas of Maine as shdvigLire22. Ten of the 16

Maine counties were represented. Based on the most recent plant hardinesg$Higape23) issued by

the USDA, climates zones 6a, &bhgd5a were coveredby this sampleOnehomeis on the border of

zones 5a and 4b. The only populated zone not covered by the study (4a) is at higher elevations in the
western mountaingandin populated areas in the Caribou and Presque Isle region.
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Figure22. ApproximateStudy Area Superimposed on Population Density Map
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4.1.2 Metered Home Characteristics

Ridgeline calculatethe heat loss from homes using Amp#ysoftware that uses LIDARsensors built

into iPads to efficiently gather dimensions of spaces. It @stains an embeddeManual Jnodef°to
calculate the heating and cooling requirements of living spaies.average heat loss for a home in this
metering samplavas25.7 kBtu/hat 5°F Thesehomeswere relatively small at 337 ft2, on averageThis
corresponds to an average heat loss per square foot of approximately 20.3 Btath#tF Usingthe
Amply heat loss modsbndthe Efficiency Maine Technical Reference Manual (Té&gMation for

annual heat loss mentioned in the Initial AMI Analysis section of this study, Ridgeline estineated
average annual heat logs be 68.5 MMBtL! (Table7).

Overall,approximately 63%f the metered home$iada central fossil fuel boiler or furnace, 33%da
wood or pellet stovel5% had some form afon-centralfossil fuel stovemonitor, or throughwall spot
heating, and 13% had electric resistance heating in the form of electric space heataseboard
heaters This does not indicate thall these forms of heating were used thiese homes, and
sometimeshomes had multiple forms afon-heat pump heatingwvailable

Table7. Characteristics of Homéddetered

HomeSummary Statistics

Count 78
Average Conditioned Square Footage 1,3371t?
Average Heat Loss @5 25.7kBtu/h
Average Heat Loss per Square Foot°® 5 20.3 Btuh/ft?
AverageAnnualModeledHeat Los% 68.5MMBtu
Average Annual Metered Heat Deliver@d heat 58.9 MMBtu
sources)
Percenagewith Twoor More Floors Above Grade 41%
Percenagewith Wood Heating 35%
Percenagewith Electric Resistance 13%
Percenagewith Boiler 53%
Percenagewith Furnace 10%

Percenagewith Non-Central, NoAWood Heat

. 15%
(Stove Monitor, or ThroughWall Heater)

9 LIDAR (Light Detection and Ranging) is a sensing technology that use®flalseslight to measure distances

and create 2 models of objects. For this project, LIDAR is constructihgn®dels of rooms.

20 Manual J imn ANStecognized Air Conditioning Contractors of America (ACCA) standard that provides a detailed
method for calculating the heating and cooling loads of residehtidtlings,considering factors like insulation,
windows, local climate, and building envelope

21 Minimum of (installed HP capacity at design temp or reported Heat Load at design temperature) * 186,648 / (Ti
To) / 1,000,000 where 186,648 is the population weighted average TMY3 heating degree holicsisTassumed

to be 70 degrees F, and 1,000,0@eerts from Btu to MMBtu.
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The metered heat delivered on average was about 86% of the modeled heat loss extrapolated to the
season. This does not necessarily mean that nioglelverestimates heat loss. If homeowners turn
down temperatures at night or when they leaihey will use less heat than the design load
extrapolated tothe full season. Similarlif homeowners only heat certain zones continuoyglyg,

they marginally heat a guest bedroom) they will use less heat than the model, but the malsligah
loadwill still be ©rrect.

4.1.3 Metered Heat Pump Characteristics

Allbut two of the78 homedhat Ridgeline studiethad one or more singigoneductlessheat pumps
The othertwo homesuseda central,ducted heat pumpThreeof the 78homes alsdad a multizone
heat pump(an outdoor unit that provides heat to more than one indoor Yyt addition toeither one
or two singlezone heat pumpdn all, the homes contained 160 outdoor units and 166 indoor units
(Table8). The representation of ducted heat pumps in the metering sample refleatsathly 2% of the
heat pumps in the WHHP population are ductedall, 41 different heat pump models were metered.

Table8. Homes Investigated by Number of Heat Pumps (Outdoor UmitsIndoor Unity

Count Outdoor Indoor Heat PumpType

15 1 1 SingleZone only

2 1 1 Ducted

41 2 2 SingleZone only
2 3 Both Singlezone and 2:1 MukZone
2 5 Both Singlezone and 4:1 MukZone

15 3 3 SingleZone only
3 5 Both Singlezone and 3:1 MukZone
4 4 SingleZone only
5 5 SingleZone only

78 160 166

Across the 160 heat pumps, the average rated capacity at 47°Fa@@@n = ¢ KA OK NB Tt SOG a
definition for the nominal heating capacity in Section 3.2.39 ofARRI Standard 210/24Gjas 14.5

kBtu/h. Theaverage maximum capacity at 5°F (B was 16.6 kBtu/h. It is important to note that

not every heat pump in the metered sample is rated across all these ratings. Some of the older models,
which were most likely not rebated by the WHHP program, but were already installed in homes, are not
rated for the updated, more stringent HSPF2, SEER2, and EER2 standards. For one such heat pump in the
sample only the rated COP, nominal capacity, maximum capacityfaehd HSPF are known.

Additionally, the average rated capacity at 5°F (Bledi5) of these heat pumps is marked as an

optional test and is not required to be reported by manufacturers for all heat pump models.

Table9 shows the average characteristics of the installed heat puriipsse values are obtained from
the Air-Conditioning, Heating, andefrigerationinstituteQ @#HR) Directory ofCertified Product
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Performance? Across the 160 heat pumpse average rated capacity 47 °F(BT Uked*’), Which reflects
'l wL Q& R SHe hoyhihal Heatigg capaciidin Section 3.2.39 of &1¢R| Standard 210/24®as
14.5 kBtu/h?* Theaverage maximum capacity at §BT Uhax) Was 16.6 kBtu/hlt is important to note
that not every heat pump in the metered sample is rated across all these ratings. Some of the older
models which were most likely not rebated by the WHHP prograat were already installeth homes
are not rated for the updated, more stringent HSPF2, SEER2, and EER2 standarsssé&ciheat
pumpin the samplgonly the rated COP, nominal capacity, maximum capacityfaghd HSP&re
known. Additionally, the average rated capacity at 5°F (B&)of these heat pumps is marked as an
optional test and is not required to be reported by manufacturers for all heat pump models.

Table9. AverageAHRI Ratings dfletered Heat Pump

Heat Pump Characteristic Sampe Size

Outdoor Unit Count 160

Indoor Unit/Outdoor Unit Ratio 1.04
Maximum Capacity @ 47°F (B:EY) 22,130 Btu/h 159
Rated Capacity @ 47°F (R 14,501 Btu/h 160
AHRI Minimum Capacity @ 47°F (B 3,694 Btu/h 159
Directory of Maximum Capacity @ 17°F (B:E) 18,287 Btu/h 159
Certified Rated Capacity @ 17°F (R} 9,879 Btu/h 159
Product Minimum Capacity @ 17°F (BF\Y) 3,594 Btu/h 158
Performance Maximum Capacity @ 5°F (BED) 16,604 Btu/h 160
Rated Capacity @ 5°F (Bil&?) 15,514 Btu/h 138
Minimum Capacity @ 5°F (BFd) 2,945 Btu/h 158

While we observed 5 brands of heat pusnp1% were Mitsubishi or Fujit§liable10). This closely
mirrors the heavy market dominance of these two manufacturers in the overall programagata
discussed ifrigure? in the initial AMI analysis section of this reporhe Mitsubishi units tended to be a
bit smaller, but examining brand by capacity did not shift the proportions by ngatmsung, Daikin,
and Gree comprised the remaining 19% of the metered sampkerms of BTkkeq*’, 23% of the heat
pumps in the sample were smaller than,a@0Btu/h, 46% were between 12,008hd 17,999 Btu/h, and
31% were greater than 17,999 Btu/h.

23 Air-Conditioning, Heating, and Refrigeration Institubsrectory of Certified Product Performance.

24From AHRI Standard 210/240 Section 3.2.39: Nominal Heating Cdpalgfined as capacity approximately
equal to theheat pumpcapacity tested at the Hibm conditionwhich is thetest condition for the reported Rated
Capacity@® 47F (BTlwed™).
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https://www.ahridirectory.org/

Tablel0. Heat Pumps by Make and Size of Outdoor Unit
Size RangeRatedCapacityat 47°FBT Uated*"))

(Colnts) Less than 12,000 to 15,000 to Greater than
12,000Btw/ h 14,999BtwWh  17,999Btwh 17,999 Btuh
Mitsubishi 28 16 20 14 78 49%
Fujitsu 0 13 7 31 51 32%
Samsung 1 12 2 3 18 11%
Daikin 5 3 0 1 9 6%
Gree 3 1 0 0 4 2%
Total 37 45 29 49 160 100%
% 23% 28% 18% 31% 100%
44 ST
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5 METERED HEAT PUMIEECTRICAL USE

This chapter discuss#se electrical usage of the heat pumps metered from December 2024 through
April 2025 Across the 78 homes in the metering sample, the averagiered annual heat pumpsage
was 3,43&Whper home and 1,676 kWh per heat pungince few meters were installed before
December 1, 2024, metered electrical use needed to be annualized to the entire28d22ating season
to account for the fall 2024 shoulder season.

5.1.1 Annualization ofMetered Electrical Use

Using heating degree days (HDD) for the season obtained from local weather stations, a ratio of metered
heating degree days to total season heating degree days was calculated and applied to extrapolate the
metered data. This metered kWh annualized to 2@28iscussed in this chapter.

Across alv8 homes,70% of the total HDD for winter 20226 weremetered. To account for the
remainingHDD eachhomewas assignetb its nearestweather station using EM &eather station to
Zip codematchingkeys.Figure24 shows the distribution of homesolorized by their matched weather
station. Hourlyoutdoor temperature datavas then collectedor the full heating seasoOctober 1,
2024, through April 30, 2025yom the 10 matchedweather stationsUsinga 65°FHDDbase the HD
measuredduringthe metering period for achheat pumpandthe total HDDs for the entire season at
each weather stationvere calculatedThe metereddatawasthen extrapolatedo the full2024-25
season by applying tbratio of HDDs between the metered period and the entire season.

Figure24. Map of Homes Binned by Annualization Region

0 0’90 o
é; 009 v
96? 9@ 0
Qe
9) Auburn-Lewiston (19)
cv’)o‘\o gBan or (17) -
H9G9 e
Qg?/ \9 Portland (13)
‘¢ o Wiscasset (10)
( 8 Augusta (5) .
9 J 9 Sanford (4)
%\’ 9 Waterville (3)
- 9 Kingfield (1)
@Rfﬁ@ 9 Norway (1)

@

//\/‘I RIDGELINE Rﬁfﬂf@ “ Demand Side Analytics

energy analytics




Figure25 showsthe recorded outdoor air temperature@A)from the 10 matchedveatherstations
against the average outdoor temperature readingsi all homes grouped witkachstation. As
expected, the readingalignclosdy across all weather station®n average, the correlation coefficient
between local weather stations and @ite temperature sensors was 0.83 for overlapping periods.
While the metered outdoor temperatures generally aligned closely with the matched weather station
data, some variatiomemains due to localized temperature differences.

Figure25. Comparison of Outdoohir Temperature(OA)between Local Weather Statisand the
Average of the Grouped Homegn = 78)
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5.1.2 Trends in Metered Electrical Use

This sectiorshowsthe heat pump electrical use across the 78 homes and 160 heat porafesed. The
figures in this section use the followitigesand markergo showannual electricity consumption by
heat pumpsascalculated with these method3ablell).

Figure26through Figure28 show, as a black linghe 202425 meteringaverages foheat pump kWh at
the homefor sampled negative, low, and medium heat pump use as identified by the AMI an&tysis
compare to the metering datdahe weatherdependentregressiormodelfrom the 2024-25 Refresh AMI
Analysis (Chapted) wasapplied to actual weather data for the 2024 heating season from Octobgy
2024, through April 30, 2025s opposed to TMY 3 conditian§he average results from tieefresh AMI
regressiongor these 78 siteareshown as a red dashed linefigure26. Ths AMI Refresh analysiand
comparison with the metering resultse discussed more thoroughly in Sectig®.?

For referenceaverage results for thiotal extrapolatedWHHP population are shown as the blue

dashed line in théigures in this sectiorklectricity use was extrapolated to the entire population by first
developing a ratio of th&efresh AMI analysis to the meterimgsultsfor the 78 metered homesThese

full populationextrapolatedresults are discussed more thoroughlySaction9.4.1 This sample of 1,003
homes includes homes categorized as Negative, Low, Medium, and High, so the resulltssfigmoup
cannot be directly compared to the other calculation methoakich only includeneteredhomes
categorized as Negative, Low, and Medidmgain, themetering was intended to check on the lower
users.The ptal extrapolated WHHP population also represents an annualization based on TMY3 data,
not actual 202425 weather data.

Additionally, results from the 2023024 Initial AMI Analysis (Chap®rfor 77 out of the 78 metered
homes are included in

2The results in Section 9.4 may differ to those shown liref®@ection 5.1.2ue to differences in sample size and
filtering.

47
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Tablel1 for comparison (and are shown as a yellow dashed line in the following figures). These initial
results are annualized using TMd&@a andare therefore not directly comparable to the metering data.

@
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Tablell. Summary Statistics for Electricity Use by Heat Pumps

Usage Calculation Method G LS A5

Groups Home HP | KkBtuRrated’
Measured by orsite
metering equipment during
202425 Solid winter 202425, for homes
. Black | 78 | N, L, M| characterized by 2024 AM| 3,438 | 1,676 115
Metering . . .
Line as negative, low, or mediun
users (annualized to entire
heating season 20R25).
Modeled usingefreshed
AMI datafrom winters
202425 Red 202324 and2024-25
RefreshAMI | Dashed] 78 | N,L, M (annualized to heating 3,403 | 1,69 114
Analysis Line season 202-25). This is
discussed ifChapter Sof
this report
Modeled using AMI data
202324 Yellow from winter 202324
Initial AMI | Dashed| 77 | N, L, M| (annualized tofMY3. Thisis| 2,845 | 1,378 95
Analysis Line discussed ifChapter Jof
this report.
Modeled usingefreshed
202‘,1'25 AMI datafrom winters
Metering & | Blue N, L, 202324 and202425
AMI Da;hed 1,003 M, H | (annualized torMY3. This is 4,904 | 2,229 143
(WHHP Line . :
Population) dlscussepl iChapter Dof
this report.

Figure26 showsthe annual metered electricity consumptidsy heat pumpger home or household.
Usage per metered household averaged 3,438 kWh per year, and it garieelvhat with nearly 13%

of homes using less than 2,000 kWh per year and nearly 33% using more than 4,000 kwWh. pEngrear
202324 Initial AMI annuaheat pump electricity consumption averag2@45 kWh per homeyelow the
other two methods When extrapolating to the entire program population with the high heat pump
usage category included, the averadggat pumpelectricityuseincreases tat,904kWh per household
per year Thiswhole program extrapolatiors discussed mori@ Sectior9.4.1

@
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Figure26. Heat PumpHeatingElectricity Use by Houkeld (n = 78)
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Figure27 shows annual electricity consumption by heat pumps per hbakknormalized to the
householdrated capacity of the heat pumps at 4746 reported by AHRI (kBfdqd*"). The average

household electricity use is 38 kWh and the average installed capacity of heat pumpz98

kBtuaed'’ per household.The average normalized usagd1$ kWh perkBtuaed*’ for metered homes

We expected that normalizing household electricity use by heat pump capacity would decrease
variability and cause the data to revert to the mean. Specifically, we figured that a household with lower
electricity use would also have snaalheat pumps and that the largest electricity usevould have

more heat pump capacitfzrom the analysis, theoefficient of variation (CMdr kWh is 0.48 and the

CV for kWh kBtuaed*’ is 0.4&, aslight increase in data dispersid@iven that normalizatioincreasel

the data spread, electricity use does not apparently correlate with heat pump size.
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Figure27. Normalized Heating Electricity Use by Hdusld kWh per kBtuated*’ (n = B)
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Figure28 shows annuaineteredelectricity consumption per heat pump. Usage pegteredheat
pump averages 1,&KkWh per yearwhere use varies widely among heat pumps. Electricity usaae
function of user behavior, zoning in the home, and the aize efficiencyof the heat pump. For
example, a 12,00Btueq*” unit operating & half capacity at 3T might only draw 600W. Even 3,000
hours at this operating point would barely exceed the mean value on this gf&ygtaveragemetered
usage per heat pumepf 1,676 kWhs roughly half of the homtevel average 08,438 kWhas there
were approximately 2.05 heat pumps per metered home.

Figure28. Heating Electricity Use by Heat Pump (166) 1
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Using the metered data, Ridgeline then analyzed trends in heat pump power versus outdoor
temperature and time of dayrigure29 presentsthe average power usage of metered units versus
outdoor air temperaturelt shows both the average power of all units across the sampiesinge

(dotted) andonly units that are activelgperatingin green(solid)

ForFigure29throughFigure32, K S I (i

discounting operation of smaller units.

LddzY LJa | NB 02y & ARSNNEiRheybdra®w i A St &
power greater than a designated power threshold that scales positively with heat pump capacity. These
thresholds are greater than zero to discount any small power loads, small metering noise, and low
power fanonly modes. These thresholds weakso visually inspected to ensure that they accurately
capture operational time only. The average power threshold across all 160 heat pumps was 0,175 kW
with the minimum being 0.150 kW. As heat pump capacity and size increase, this threshold increases.
For example, a small unit with a 6,000 Bt would have a power threshold of 0.150 kW, but a larger
24,000 Btuked*’ ducted unit could have a higher power threshold of up to 0.300 kW. This is to ensure
that only time periods with relatively significdn LJ2 6§ SNJ RNJ ¢ | NB Qngcesdsailg NB R

Across the entire sample of 160 heat pumib® averagepower draw peakat 0.8 kW, at10°F As
expected the average power draw decreasas temperatures increase due to decrgmgheating need
and increasing efficienclzooking abnly the heat pumps actively operatiniye average power draw
followsa similar shape but is higher. The ratio of the avenp@wer drawof all heat pumps versus
operatingheat pumpsis about 0.8 at low temperatureandit is about0.5for warm temperatures
showing the impact of load diversity at warm temperatures and low home heating Iadisheat
pumps were used to hedibr all temperatures, one would expect the two curves to move closer
together at very low temperaturesnstead,the power curve o#ll heat pumps flattens out at 0°F,

possiblyindicating that gportion of heat pumps switch off at°6.
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Figure30 showsthe average wintedaypower usage ofmetered units by time of daylhedaverage
winter day€ is based olemperatures across all meterathysfrom late Novemberthroughearly May.
Average heating demand ranges from abo . 0.5 kW. The peak load occdrem 6 to 7A.M., which
isthe coldest portion of most days (around dawn) asdshen many families wake up. The minimum
load occurs in early afternoon, aroundd.2 P.M, when many occupants are away from home and
outdoor temperatures rise.

Figure30. Average Power Consumption vs. Time of PatyHeat Pumgn = 60)
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Figure31 showsthe average power consumption across all heat pumps in the metering sample for
January 222025 the coldest dayof the 202425 metering period On this dayaveragesite
temperaturesfell below-5°F, andpeak powerexceededl kWper heat pump, on averag€ompared to
the averageawinter day, the peakoccurredan hour later between7 and8 A.M.
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Figure31l. Average Power Consumption vs. Time of Day for ColdestlIZ®/25) in Metering Period
per Heat Pump (= 160)
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To investigate potential regional differences in heat pump usage, theditkay analysis was replicated
on four individual regions within the larger metered sampligjure32 showsthe averagepower of all
heat pumpggroupedinto thesefour regions: Auburd_ewiston, Augusta, Bangor, and PortlaAtthough
the sites were annualizeasing10 uniqueweather stationsye groupedeach site into one ahesefour
regionsto preservethe individual groupample sizefor comparisonHeat pumps were assigned to
cities based on closest geographic proximégd the resultingegions closelalign withthe EfRTWHHP
program datadesignlocations Figure33 maps the homes btheir assigned region: yellover Portland,
greenfor AuburnLewiston, bludor Augusta, and orang®r Bangor Note that thesereportingregion
bins aredistinctfrom the 10 weather stations used the annualization tdhe entirewinter 202425
season

When comparing the 4 regions, one can see that the Bangor region experienced the coldest average
temperatures and that the Portland region experienced the highest on January 22, 2025. Additionally,
the average powedraw of operating heat pumps in the Bangor region peaked at the highest levels of
around 1.3 kW at 8 A.M. The Augusta and Portland regions both experienced the lowest peaks around
approximately 1 kW. Notably, there appears to be a smaller difference betweeavtrage power

draw of all heat purps and all actively operating heat pumps in the Portland regioggesting that

homes in the Portland region had higher metered heat pump usage rates on the coldest day of the year
compared to the other regionddore on these regional differences in heat pump povestiscussed in
Appendix D: Regional Differences in Heat Pump Operation
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Figure32. Average Power Consumption vs. Time of Day for Coldest Day (1/22/25) in Metering Period
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Figure33. Map of Homes Binned bg/ReportingRegions
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6 METEREBIEATDELIVEREBYALL HEAT SOURCES

This chapter discusses the heat output metered by Ridgeline across all heating sources at the 78 homes
in the metering sample. As previously mentioned, Ridgeline metered the heat output from not only the
heat pumps but also across bbilers, furnaces, spot fossil heaters, wood and pellet stoves, and electric
resistance elements present at a given home.

6.1 METEREBIEAT PROVIDEEY HEAT PUMPS

Firsty, narrowing in on the heat pumps onfyigure34 shows the heating provideby heat pumpgo

the 78 metered homegleliveringa mean value of 37 MMBtu per home per year. Extrapolating this
value to include homes originally categorized as High users that were omitted from the metering
sample as discussed in Secti®m.1of this report the averageaeating delivered by heat pumpises to
52 MMBtu per home per year. For context, 1 MMBtu is equivalent to about 9 gallons of fuel oil at a
boiler or furnaceeffectiveefficiency of 80%¢ The average heat provideay these heat pumpis thus
equivalent to abou#d68gallons of fuel oil. Based on the average home gizaetered homes],337
square feet, this is about orthird of a gallon of oil per square foot per year.

Figure34. AnnualHeating Provided by Heat PumipgHousehold(n =78)
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The heating outputs normalized by househkRIT Ueq*’ are shown inFigure35. The pattern of the
curve is similar, but the apparent outlier on the right side of the-nommalized graph is transformed

26 While nominal combustion efficiencies can be higher than this, heat is lost in pipiogleakageand at the
furnace or boiler.Hfective efficiencyreflectshow much heaultimately enters the occupied space.
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into a smooth curve of high usefBhe average normalized heating output to k&&f’was 1,241 hours
among the metered sample and 1,535 hours among the entire WHHP population.

Figure35. Household Heating Provided by Heat Pumps Normalized by.kBfign = 78)
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The heating statistics discussed in this chapter are summariZeabiel2. The average heat provided
per household in the meted sample of homes previously categorized as Negative, Low, and Medium
users was 37 MMBTfkr year, and this value increased t@ MMBTUper yearwhenHigh users are
extrapolated in Thetable also shows statistics per heat pump and statistics hormalized by heat pump
capacity.

Tablel2. Summary Statistics for Heating Provided by Heat Pumps

Usage Calculation Method MMBtu  MMBtu kBtu /
Groups /Home  /HP | kBtlRated"’
Measured by orsite
metering equipment
. Solid fdurr:ng winte;r 202425, ]
or homes characterize
Metering I?_Iiar:(;k 8 NLM by 2024 AMI as negative 37 18 1,241
low, or medium users
(annualized to entire

heating season 20225).

Method
Name

Marker | N
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202425
Metering &
AMI
(WHHP
Population)

Blue
Dashed
Line

Modeled using refreshed
AMI datafrom winters
202324 and 20245
(annualized to TMY3).

This is discussed in
Chapter of this report.

1,0
03

=z
Irr

52 24 1,535

Now, stepping down to the heat pumevel, Figure36 showsthe heating provided byll 160heat pump
outdoor unitsin the metering sampleélThemean valuevas18 MMBtuper heat pumpper year and

there was a large range of heating outputs across the saridyien extrapolating to the entire WHHP
population with the High users tied in, this average increases to 24 MMBtu per heat pump per year.
Nearly 30% othe heat pumps provided less than 10 MMBtu per y#&ar.

The heating outputs normalized by heat pump capacity are showigime37. The pattern of the curve
is similar.The average normalizdteat output bykBturaed’ remained atl,241 hoursfor the metered
sample and 1,535 hours for thremtire WHHP population

Figure36. Heating Providegder Heat PumpJnit (n = 560)
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2" For reference, 10 MMBtu is equivalent to the heat output of 90 gallons of oil, combusted at 80% effective

efficiency.
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Figure37. Heating Provideder Heat Pumpby kBtuated*’ (N = 160)
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6.2 METEREBEAT PROVIDHEEY ALL HEAT SOURCES

6.2.1 Metered Heat versus Outdoor Temperature

Figure38 shows the rate ometeredheat provided by five sources of heaheat pumps, central fossil
fuel systems, spot fossil fuel systems, wood and pellet stoves, and otheéraairpump electric heating
systemg; across a range of outdoor air temperaturédss expected, the average heat provided to
oFflyOoS I K2 &hdined Bdmineaflyhdheat Aedded at o maximum heat
needed at14°F. Heat provided by heat pumps rises linearly until abd then levels off.
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Figure38. Average Heat Contributeldy Heat Sourcegersus Outdoor Temperatui@ =78)
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To gain a clear picture of norheat pump useligure39 showsthe balance oheat (beyond what was
provided bythe heat pumps) froomon-heat pump sources/ery little heatis provided by fossil fusl
above 40F, and his little amount ofheating above 40F is likely from several homes thatwven though
they have heat pumpdgeat exclusively witlfossilfuels. Fossil fuel use riséelow 10F, where heat
pumputilization plateausas shown irFigure38. Sinceoutdoor temperatures ranginfom 10°Fto 40°F
are the most frequentincreasedossiluseat temperaturesbelow 10F(less frequenthas a modest
annualimpact.While there are many hours wittemperatures above 40F little heat isneeded Wood

heat is also barely used abo¥€°F, andwood accounts for a roughly static portiof heat provided
below 30F.

Although 13% of homes in this stuggssessedome form of electric resistance (ER) heating, only one
home regularly used it. Of the two ducted heat pumps in the study, oneabailiaryER but did not use
it based on interviews and metering, and the other did not hamg auxilianER Spot fossil fuel heating
also had marginal impacts the total average heating load across the metered sample.
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Figure39. Balance ofHeating Providethy NonHeat Pump Heat Sourcesrsus Outdoor Temperature
(n=178)
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ReexaminingFigure38 and removinghe five lowest users of heat pumps that rarely use their heat
pumps for heating, shifts the cunatightly, where litle fossil fuel use occurs above°BQFigure40).
Removing the lowest five homea subset of the WHHP population that has {éss-expected heat
pump utilization from the metering samplés representative of removing the lowest 4% from the
general WHHP populatiofthese lowest five homes were identifidsed on the perceageof total
householdheat provided by heat pumps.

Figure40. Average HeaContributedby Heat Sourcby Outdoor Temperature Lowest5 Removedn =
73)
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Going further andemoving the bottom thirdf users of heat pumpgom the sample ofmetered
homesfocuses on theisecasesn whichbehaviorand zoningnade betteruse oftheir heat pumps.
Removing the lowegine-third of homes a subset of the WHHP population that has {éss-expected
heat pump utilizationfrom the metering sample is representative of removing the lowest 22% from the
general WHHP populatioAs shown irFiguredl, there is little fossifuel use at 10°Fand even at 0°F

fossil use is modest compedto heat pumpsamong the twethirds of homes that made better use of
their heat pumps

Figuredl. Average HedaContributed by Heat Sourd®y Outdoor Temperature Lowest Third Removed

(n =53)
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To examine what is possible in horthat make betteruse of their heat pumpsve examined the one
third of metered homes that demonstratealhigher percentageof total heat provided by heat pumps
and removed the remaining twthirds of the metered homes. The results are showFRigure42.
(Recall also thahe metered sampleepresentsonly the lower two-thirds of thepopulationby heat
pumpelectricuse). Removingwo-thirds of the metered sample is like removitiige lower 45% of the
total population, that isabout half. Considered thisvay, Figure42is encouragingAmong this
population, e portion of heat provided by fossil fisgé very low showingthat manyhomescan and
dorely completely on heat pumps for heating

energy analytics
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Figure42. Average Heatontributed by Heat Sourd®y Outdoor Temperature LowestTwao-Thirds
Removed
(n =26)
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6.2.2 Metered Heat Output by Heat Source

The proportion of hea(MMBtu) provided by the iive heat souces noted previously across all
temperatures and all homes is shownHFigure43. As previously dcussedthe metered samplés
representative of the bottom 67%f the general WHHP populatiom terms of coldweatherdependent
electric usgsincethe top-performingone-third of users werexcluded from the meteringtudy).
Across the sample, including homes that use their heat pumps infrequep#y pumps provide about
64%of the total heat Central fossil heating through boiler and furnace use represents the second
largest portion at 24%.

i
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Figure43. Heating Provided to All Metered Homes by Heat So(mce 78)
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Removing the bottom 10 homes thatfrequently use their heat pumps for heating@8 MMBtu /
kBturaed’), heat pumps provide about3%of heat(Figure44). This véue is representative of program
results ifthose homes that effectively do not use their heat pumps for heatmgd be screenedut of

the program or their heat pump use increased to that achieved by the remaining 68 metered homes

Figure44. Heating Provided to Metered Homes by Heat Soutlcewest10 Removed(n = 68)
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Thepercentages irrigure43 andFigured4 reflecthomes that were originally categorized by AMI as
exhibitingnegative, low, and mediunevels of usagdf we repeat the analysis above and extrapolete
the entire population metered and not meteredie getthe heatingpercentages as shawin Tablel3.

Tablel3. Relative Contribution to Home Heating, by Heat Source

: Heat . Usage
Analysis Wood Fossil g Comments
Pum Groups
Meterin Metered lowesttwo-thirds of heat
91 6a% | 10% | 26% N, L, M
Analysis pump users
Whole Extrapolatel to WHHPprogram
WHHP | 71% | 10% | 19% | N,L M, H P _ g
. population
Population
) Remoed thelowest 10 users,
Meteringq simulating program incentivizin
lowest10 | 73% | 9% | 18% N, L, M -rating prog ! g
removed heating users onlybut still for the
lowesttwo-thirds of users
WHHP
Population Removael the lowest 10 users and
¢ bottom 7% 9% 14% N, L, M, H extrapolaedto WHHP program
9% population
removed

To @ina betterunderstandingpf the heating distribution athe individual homedevel, stacked column

charts likeFigure38 were produced for eachome in the metering sampl&igure45 showsthe results

at a singlehome (Home # 147) equippedith two heat pumpshavingcapacities of 4 kBtuva and 11

kBtuva, respectively¢ KS&S KSI G LlzyLA FFNB OF LI 6f S 2Fati R OARAY
which is roughly 24,000 Btu/ffhe graph shows that the honoentinuouslyused its heat pumps even

duringthe coldest temperatursof the winter, but alsoused the boilefor heatingany time the outdoor

temperature sank belowl0°F. This concurrent operation of the boiler with the heat puniyhsnts

additional heat pump use below that temperatule.Home #147the heat pumps providd about 70%

of the homeQheatin the 202425 winter season

@
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Figure45. Home#147:Frequently used Mitsubisti2 kBturated'’ unit and
less frequently use@ kBturated” unit
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Figure46 shows theannualheat outputdistribution (MMBLtu) for the four regions binned in Section
5.1.20f this study For eachregion, we calculated regionspecific average heating output distribution

in Btu/hand applied it to the outdoor air temperaturistribution from thenearestweather station for
the 202425 heating season

While the graphs vary slightly, they show that most heat is delivered for temperatures between 10°F
and40°FF YR (G KS&S FINB (GKS GSYLISNI dz2NBa ONRGAOL €
heat. Home 147n Figure45islocated in the Bangor areand thatfigure shows that had the

homeowner turned on the boiler at 5°F instead of 4@¥hsiderably mor®f the home? annual heat

load would have been provided by heat pumps.
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Figure46. HeatingAcross Citiegn = 78)
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Examining the sources providing heat acrtss 78 meteredhomes, homes that use the most total heat
generally use substantial amounts of heat from otfresn-heat pump)sources figure4?). Ressorting

homes byamount ofheat pump use, homes that use their heat pumps the least make substantial use of
other heatsourcesas expectedRigure48). It appears that the lowest users of heat pumps include

some of the higher users tdtal heating.
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Figure47. Contributions toTotalHeatingby Heat Sourceger Metered Home(n = 78)
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Figure48. Contributions to Total Heating by Heat Source, per Metered H@ngered by Heat Pump
Output(n = 78)
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Combininghe previous graphwith percentage of heat provided by heating sourités notable that
several of the lowest users of heatimps are among théigher users of total heat{gure49). Sorting
by percentage of heat provided by heat pumps, the pattern is more pronounced. Thstlosers of

i
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heat pumpsby percenageof heat load met by heat pumpBiclude the four highest users of head
half of the 15 highestisers of hea{Figure50).

Figure49. Contributions to Total Heating by Heat Source, per Metered Home, Ordered by Heat Pump
Output, with Percent Heat Pump Heating
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Figureb50. Contributions to Total Heating by Heat Source, per Metered H@nggred by Percent Heat
Pump Heatingn = 78)
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6.2.3 Metered Qupply and ReturnTemperatures

Figureblis a histogram that shows the frequency of temperature readofggipply and return aifor

all indoor units meteredThe most frequent return temperatumgas 72.5°F, with most readings
occurring from68°F to B°F. Nearly all readinggere between 65°Fand80°F.(The small peak at 4B

may indicatethat several homes set their temperatures to a minimal setforga periodwhile the
occupants were away from the homé&Vhile the return temperature is indicative of the temperature of
the heated space, it is generally higher than temperatureexperienced by occupants. Tliscurs
becausenearly allunits are walimounted near the ceilindoue to sratification of room temperatures

the temperature near the ceilinig typicallyhigher than the temperatur@earer the floor where
occupantgeside

The supply (heating) air temperaturada broad peak betweeB0°F andl20°F,with warmer
temperatures in thel20°F to ¥0°F range. The heating temperature will depend on internal algorithms
of the heat pump and outdoor temperatuseAt very cold temperatures, supply temperatunesy drop
with capacity.

ing
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Figure51l. Supply Ai(SA)and ReturrAir (RA)TemperatureFrequencyn = 1)
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In order to assess the impact of outdoor temperature on heat pump supply temperatures, the metered
supply temperature were also plottedor outdoor temperaturedrom -18°F to 62Fin Figure52. Each
box and whiskers plot represents the distribution of the maximum supply air temperature recorded
across alll66indoor heat pumpunits within each Zdegree temperature binThe intent was to see if the
maximumsupplytemperatures declined with decreasing outdoor temperature as one might expect.
Overall, the readings vary because heat pumps have variable speed compressors aadddhsymay
ramp temperatures down when setpoints are nearly niéte upper whiskers of the box and whisker
plots show that readings above 120°F supply air occur dowta36F, near the minimum rated
temperature for most heat pumpg.he mediarpeak supply air temperaturs highesiat approximately
123°F abutdoor temperatures aroun@5°F, and the mediasupply aitemperature declinesit lower
and highemutdoortemperatures. Théower box or 253" percentile temperature is at or above 100°F
down to-18°F, the lowest temperature observed.
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Figure52. MaximumSupply Air Temperatur&cross AlDutdoor Air Temperatures
for Each Heat Pumimdoor Unit(n = 1®)
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/ METEREBEAT PUMBPPERATING EFFICIENCY

7.1.1 Coefficient of Performance (COP)

CKS /2SFFTAOASY(H 2F t SNF2NXIyYyOS o/ hto A& (GKS
equal to the ratio of the energy of heat delivered to the energy of electricity required to achieve this
heat transfer(measured in the same unjtsCOP valug®r heat pumpsdesigned to perform in cold
climatestypically range from 2t cdder temperaturesto 5 at 47Fdue topartial loadingat low heating

loads. Thisindicatesthat heat pumpscan deliver2 to 5 units of heat for every unit of energy consumed.

Figureb3 showsthe average measure@OPacross all 16 metered heat pumpndoor unis. These
values were calculated by dividing the total hiegtenergyoutput across all unity the total electric
energyused by all unitsvithin each2-degreetemperaturebin. The lkeating COP decreases with
decreasing evaporating (outdoor) temperatgigimarily due to the increased differenbetween
outside and desired indoor temperaturddetered COPaveraged? at-10°F. This means that even for
theseverycold temperatures, heat pumpare still twice as efficient as electric resistandéne average
combinedfield-meteredheating COP across all outdoor temperatures &4%, which includes energy
used for defrosting.

Figure53. Average Measured COP vs. Outdoor Air Temperature
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7.1.2 Manufacturer-Reported Heat Pump Efficiency Ratings
Heat pumps are rated several wajganufacturers publish

1 Coefficient of Performance (CORhis igeported at minimum, maximum, and rated capdes
for outdoor air temperatures oft7°F 17°F and5°F Temperatures at whicOPsre reported
below SFvarybetween-5°Fto -22°Fand differ amongnanufacturersCOPs are unitless.

1 Heating Seasonal Performance Factor (H8RIFHSPB2This is &ingle seasonal factdihat
capturest KSI G LlzYLIQ& 2 @S Navér a prasSibed setyotoperdfnyF 2 N | y OS
conditions (indootemperatures,outdoor temperaturesand compressor settings) that
represent a full heating seasonfegion IV (midAtlantic) Theunitsfor an HSPF or HSPF2 rating
are Btu/Wh, andthe HSPF and HSPF2 factors can be derived+8ofd2 (Btuto Wh conversion
rate) times an equivalent CORISPF2 is the more recently updatading, andit better
represents actual heating conditiorfSsor examplethe external shtic pressure is raised from 0.1
to 0.5inches of water columfor ducted systemswhich is amore field-representative valueTo
better simulate performance in colder climates, the average outdoor temperature used in the
HSPF2 tesig procedursislower than the one used for the original HSPF calculation.

1 Seasonal Energy Efficiency RaBBER2Thsisthe ratio ofthe total cooling energy outpubver
a prescribed set of operating conditions (indéemperatures,outdoor temperaturesand
compressor settings) that represent a full cooling seasd®Region 1V (midAtlantic) tothe total
electric energy input over the same peri®@EER?2 is the more stringent update to SEER.

1 Energy Efficiency RatiBERR Thisisthe ratio of cooling energy telectric energyconsuned at
95°FEERZ2 is the more stringent update to EER.

Manufacturerreported values forhiese ratings were obtained for all 160 heat pumps in this study from

N2 NG KSEFald 9ySNHe& 97T 7T ACad@iyatedir olrdelHgaSNE@IEREeEe tatingh 9 9t U
NBTfSOG (K24&S RA DiedmrpobRertified PrdductP arformafftReferiolth@¥HRI

Standard 210/240Performance Rating of Unitary Aionditioning and Aisource Heat Pump Equipment

for moreinformationon these tests and rating$.

28 Northeast Energy Efficiency PartnershipsASHP Specification & Product.List

29 Air-Conditioning, Heating, and Refrigeration Institute. Directory of Certified Product Performance.

30 Ajr-Conditioning, Heating, and Refrigeration Institute. AHRI Standard 212@28 (4 0 Y &t SNF2NX I yOS wl
Unitary Airconditioning and Aid 2 dzNJOS | S Gt dzYLJ 91j dzA LIYSy (i ¢
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https://neep.org/heating-electrification/ccashp-specification-product-list
https://www.ahridirectory.org/
https://www.ahrinet.org/system/files/2024-05/AHRI%20Standard%20210%20240-2024%20%28I-P%29_0.pdf
https://www.ahrinet.org/system/files/2024-05/AHRI%20Standard%20210%20240-2024%20%28I-P%29_0.pdf

Tablel4 shows the average ratings of all heat pumps inrtfeteringstudy.|t is important to note that
not every heat pump in the metered sample is rated across all these rathagse of the older models
which were most likely not rebated by the WHHP program but were already instalfesnesprior to
participating in the WHHP programe not rated for the updatedmore stringent HSPF2, SEER2, and
EER3tandardsForone heat pumpfound in the samplgonly the rated COP, nominal capacity,
maximum capacity at®; and HSPB&re known.

@
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Tablel4. ManufacturerReportedRatings foMetered Heat Pumps
Outdoor Air Temperature@A)

Rating (n = 160) 47°F 17°F 5°F
3,694 3,594 2,945
Min Capacity(Btu/h) (BT Unin°?) (n=159)| (n=1B) (n = 158)
22,130 18287 16,604
Max CapacityBtu/h) (BT Uha?) (n=159)| (n=159) | (n=160
4.66 3.02 2.63
COP at Min CapacifZORin™") (n=158)| (n=158) | (n=158)
2.95 2.40 2.21
COP at Max Capaci@ORa" (n=58) | (n=158) | (n=158)
HSPRBtu/Wh) 12.9(n = 157)
HSPF2Btu/Wh) 11.4(n = 146)
SEER@Btu/Wh) 25.9(n = 146)
EERZBtu/Wh) 14.9(n = 146)

Manufacturersalso publish engineering tables that show maximum heating capacity and electricity
input versus outdoor temperaturg. Tablel5shows an example of one of these tables for a 12,000
BtUrated’, 12 HSPF unit.

Tablel5. ExampleHeat Pump Engineering Data

INDOOR OUTDOOR TEMPERATURE (*FWB)
EDB =13 -4 5 14 23 32 43 60
°F TC Pl TC Pl TC PI TC Pl TC Pl TC Pl TC Pl TC Pl

59.0 973 | 1.65 [ 1255 | 1.68 | 15627 | 1.72 |16.23 | 1.68 | 17.21 | 1.63 | 18.22 | 1.58 | 19.45 | 1.53 | 23.48 | 1.65
70.0 872 | 1.70 | 1158 | 1.73 | 14.33 | 1.77 1539 | 1.72 | 1646 | 1.67 | 17.52 | 1.62 | 18.80 | 1.56 | 22.83 | 1.68
71.6 7.88 | 1.58 [ 1093 | 1.68 | 1395 | 1.79 | 15.06 | 1.74 | 16.16 | 1.69 | 17.24 | 1.64 | 18,54 | 1.58 | 21.97 | 1.63
75.2 655 | 1.29 | 960 | 1.46 | 12.65| 1.61 1473 | 1.76 | 1585 | 1.70 | 1696 | 1.65 | 18.28 | 1.59 | 20.64 | 1.51
77.0 588 | 1156 | 893 | 1.35 | 11.98 | 1.52 | 1456 | 1.77 | 1670 | 1.71 | 16.82 | 1.66 | 18.15 | 1.60 | 19.97 | 1.46
80.6 455 | 0.88 | 760 | 1.14 | 1065 | 1.33 | 13.32 | 1.60 | 1540 | 1.73 | 16,54 | 1.68 | 17.89 | 1.61 | 1864 | 1.34

In the table at the highlighted heat output of 18,80tuM at 43°F, the COP can be calculated by the
following equation

#1/1 0 =—

Where:

31 The table shows maximum heating capacity, and the actual operation will follow this table when full capacity is
used at colder temperatures. At temperatures above freezing for example, the capacity is not fully used, and one
would expect higher efficiefies. Some manufacturers publish a second table showing rated inputs at partial load

capacities.
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TC = TotalCapacity in kBu/h
Pl=  Powerin kW

Only a fraction of the 18,80Btu/h that the heat pump could provide at 43°F would be needtthe
heat pump were sized to just meet needs-4tF, thenthe heat pump would only need to provide (70
43)/ (70- (-4))* 11,580 = 4,22Btu/h, or about 22% of the heat capacity at 43°F.

7.1.3 FieldMetered CORrersus ManufactureifReported COP

In Figure54, the field-metered COPsre comparedagainstthe averagemanufacturerreportedratings
for 47°F, 17°F, and 5F Theaverage, fieldnetered COPs run between theported manufacturer
ratings.Theaverage reported COdt the maximum capacitat the lowest catalogued temperature in
the AHRI directoris 1.85across the sample. €lowest catalogued temperaturdiffers between
models and manufacturers andnges from4°Fto -22°F The average lowest catalogued temperature
was-15°Fin the metered sample.

Figureb4. AverageFieldMetered COPand ManufacturerReportedCOP vs. Outdodkir Temperature
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Figureb5 shows both the fieldnetered COP and th&HRireported COPand two previous studies
conducted in MaineThe average metered COP runs between the average minimum and maximum AHRI
reported COPslhese meteredCOPs are higher than previous studies that covered heat pumps
manufactured from 2015 to 2021. We believe there are several reasons:
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1 New heat pumps have increased their ability to provide partial load heating and have increased
their ratings atooth warmand coldtemperatures.

1 Heat pumps in this study are used more continuously than past studies.

9 This study used web connected meters that provided continuous data with nearly no gaps,
reducing the need for data extrapolation.

Figurebb. Average FielMletered COPand ManufacturefReported COP vs. Outdoor Air Temperature,
with Metered COP fror2024HPEvaluatio? and 2019 HESEvaluatio’®
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7.1.4 Manufacturer-ReportedHSPF&ersus ManufactureiReported COP

HSPFatings are calculated using complex formulas and laboratory data. dhvegt necessarily match
actual seasonal efficiengincefield conditions are less controlled than a laborategtting and the

heating needs and temperatures do raltvaysmatch the assumptions built into the HSPF calculation
SinceHSPF is calculated using very specific, limited conditions, the relationship between COP versus
temperature and HSPF ratings is not always proportidfiglre56 shows no clear relationship between
manufacturerreported HSPF2 an@ORy.q'’. Figure57 shows a clearer relationship between
manufacturerreported HSPE and CORed*’. Of the 41 unique heat pump modeiseteredin this study

31 of the models had reported HSHB2tors. The models that did not report HSPF2 were the older heat

32 Efficiency Maine Residential Heat Pump Impact Evaluation. 2024.

33 Efficiency Maine Trust Home Energy Savings Program Impact Evaluation. 2019.
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https://www.efficiencymaine.com/docs/Efficiency_Maine_Residential_Heat_Pump_Impact_Evaluation_Report-2024.pdf
https://www.efficiencymaine.com/docs/HESP-Evaluation-2019.pdf

pumps in the fleet that were most likely installed before the WHHP rebate program. Most of the heat
pumpsthat lacked reported HSPF2 factovgere the only ones of their modelswithin the sample.

Figure56. ManufacturerReported HSPRZrsusManufacturerReported COReq'’ (n =31)
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Figure57. ManufacturerReported HSPF2rsusManufacturerReported COReq*’ (N =31)

15
efficiency
@AlND
14
X I
13
I I

— o .
= 12 e
c e
e et
& 1 R T ¢ o
oo . o ®
= 2ve o e
e 10 e - oo
n
r e °

9 t . .

. y=19761x +2.7939
8 . R’=0.6035
7
3 3.5 4 4.5 5 5.5 6
COP at Rated Capacity at 47F

7.1.5 FieldMetered COP versullanufacturer-Reported HSPF2 an@ORin 4’

We expected that there might be some relationship betwdéefd-metered COPs for heat pumps and
their ratings. To test thisxpectationwe graphedield-metered COP versus HSPF2 @@Ri»*’in
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Figureb8 and Figure59. While thereare slight upward trendin field-metered COP versus HSPF2 and
CORin*, they arenot strong trend. We believe that variglity in how heat pumps are operated is a
stronger factor impactingield-metered COP than the ratis@f the heat pump

Figureb8. FieldMetered COPearsusManufacturerReportedHSPF2Zn = 146)

5
efficiency
@AlND
[
5 [ ] ° [ ] b
g | o :
.
a 4 ! o L] e
8 [ ] ™ s : . i. s
§ o * : ¢ L]
g 3l5 . L] » o e ®
i . e . 3
a ® L] ’ * [ ]
8 [ ] ‘ ° Y L4 ...
- 25 3 ’ [ ° ] s
$ 1 s
y=0.1271x+ 1.7975 °
2 R?=0.0377 ¢ [
15
7 8 9 10 11 12 13 14
Rated HSPF2 (Region IV)
Figure59. FieldMetered COParsusManufacturerReportedCORiin*” (n = 158)
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8 HEAT PUMP OPERATI®NALYSIS

Heat pumps have the potential to proviadl ornearly all heat in homeg KS L2 NI A2y 27
that heat pumpsactuallyprovidedepends orseveralfactors If conditionsare optimal, then the heat
pumpcanbe used throughout the winter, fully displag other heat sourcedf certain conditionsare

not optimal, however, usagenaybe reduced, sometimes substantiallgelow are a handful of

K2

conditions that this study fountb becorrelatedwithA Yy ONB I Ay 3 6 2NJ RSONBI aAy 30

heat load that is provided by a WHHP system.

1 ¢KS 246y SHNBAdAFIBFI(G Lidprirmadyhdating soukcss thk oSt iosely
correlatedfactor to actual heat pump usagguring the heating seasotf, howeverthe owner
intends to use the heat pump mostly for coolimgy findings indicatéhe heat pump will be used
little during the heating seasomegardless of the design of the heating system

f  Nextin importance is zoningf thehomeQ & K S I (i AN6rEducked Redt fuxfips interact with a
specificspace orzone in eachhome. If individual, norductedheat pumgs areinsufficient to heat
aparticularzonein a home homeowners maye urcomfortableandemployother heatingsources
The level of overlapor lack thereofpetween the zone of the heat pump and a zoneny pre-
existing heating syste(a) in the homeas important.In the casef a central furnace or boileserving
a homein whichthe entire space is treated as a single zomken a system of one or moren-
ducted heat pumps is installed to heat the same zone, there is a high risk that the heat pumps will
be entirely displaced (i.e., stop operating) any time the ceffitnalaceor boileris on.

9 Another factor to consider is how theapacity of a heat pump compares with the sirel heat load
of the zone in which it is located in the houdéthe heat pump has a large capacity compared with
a zone, ittanprovide all of the zon@ heat butmaystill be underutilized

f  How thehomeowner sets and operates controls tire K 2 Y $i€ating syster(s)is another factor
that impacts the usage of heat pumgZontrols include the thermostats that signal to the heating
system when tgroduce and when to stop producing, heHtthe heat pump and central system are
not controlled correctly, the heat pumfise can be displaceBuring site visits, Ridgeline observed
multiple homes where the central system atie heat pump are set tthe same temperatureln
GKA&a addzRéQa FAYRAYIAI hHakehe lOnestcodafiorwdh3hgd A y 34
conditionsimpacting usage of the heat pumps.

How these conditionsorrelate with increased or decreased heat pump utilization is analyzed below.
Heatpump capacity versus modeled heat lisslso exploredh this section

8.1 HOMEONNER INTENT

When recruitinghomes for meteringRidgelinediscussed with homeownetsw they were using their
heat pumgs)and other heating system$lomeowners described a variety of behaviors ranging from
WS R2y Qi KSI G ¢andwe prefeizblr gelfet sibvée tddeé bddy heat with our heat
pump,andwe have no other heating systeéiVe rated homes that clearly showed intent to lightly use
their heat pumpdor heatingl alowdntenté and homeghat either had a clear plan to use the heat
pump for most heatingr hadno alternative heat sourck aHigkiintent.€ All other homes were
classified: &ModerateIntenté homes Somed avderatel y i Soméséised only heat pumpand

wood and did not use fosdilel, and others had a plan to use heat pumps for madsheir heating but
would use a central system for either certain zones or low outdoor temperatkigare60 shows the
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proportions of homes categorized Ippmeowneruse intent and plamased on the results of a phone
surveyof the homeowners participating in the metered study

Figure60. Level of Intento UseHeat Pump for Heatingby Category, Metered Homegn = B)
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To examine the correlationdiweenhomeownerintent and usethe portion of heat provided byeat
pumps at each home was plotteith Figure61 with the associated initial homeowner intent
categorization shown by color. The figure shows that intent is important, with most of therteght
users on the right side of the graplithere heat pump utilization rates are highd all but one of the
low users on the far left of the graptvhere utilization rates are low

Figure61. Comparing Intent witlthe Portion of Home Heating by Heat Pungasletered Homegn =
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The meteringsampleonly focused on homes previousiyentified as thebottom-consumingwo-thirds

of heat pumpusersusing the Initial AMI analysiRecall from previous descriptions in this reptbat

the metering samplexcludel the characteristics or the impacts tife top-consumingone-third of users
identified in the Initial AMI analysiH the top-consumingone-third of users wereadded back into the
samplewith the assunption that this population had IghL y (i 4% &l total WHHP participants
g2dA R 6S OKIF NI OGS N | Fyive62 showKthe@sulfsat thig extkapokation y (i Sy (i ® £

Figure62. Level of Intent to Use Heat Pumps for HeatimgCategory Extrapolated to Population
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User intent was previously shown ¢enerallycorrelate withfield-metered useas a percentage of total
home heating (all heat system§jrouping user intenfLow Intent, Moderate Intent, and High Intgnt
with Initial AMlusagebins((Negative, Low, and Mediurajeated based othe absolute coldweather
dependent kWh impadrom the Initial AMI analysis in Chapt8) shows little correlationKigure63, left
side).The AMI bins are shown on tlidependent axis and are colorized by ttategory ohhomeowner
intent. Examininguser intentby percentagéFigure63, right side) High Intent users make up 564% of
each of thenitial AMI bins, illustrating that thes&MIlusage bins did not match intenfior the metered
sample
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Figure63. Comparing Homeowner Intent with Initial AMI Biims= 78)
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Matching user intent with the fieldnetered percenageof heat provided by heat pumpmghows some
correlation. All homes with00% heat pump heating hadigh Intent as did 7% of homes where heat
pumps provided greatr than 67% of heatingdomes where heat pumps provided-83%of heat were
made up of 29%f High Intent homeowners and 71%f ModerateIntent homeownersas one might
expect.Similarly homeswhere heat pumps provided <33% of heating were made up of equal portions
of Low andModerate Intent homeowners Eigure64).

Figure64. Comparing Homeowner Intent witRortion of Home HeaDeliveed by Heat Pump®8ased
on Metering(n = 78)
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The next series of graphBigure65, Figure66, and Figure67) showsthe heat provided to each homiey
sourceby total MMBtuand by percerdageof total home heatingBelow eachwo-graph set is a grid of
home characteristics. The graphs are sorted three ways: 1) by pegmwit heat provided by heat
pumps, 2Dy total heat(MMBtu) provided by heat pumps, and By total heat(MMBLtu) provided by all
sourcesFor the grid of homdevel characteristics these figuresif acertainfactor isa binaryvariable
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GKSYy GKS 3INRR gAftft 0SS o0flFOWlBRsKAGKI & TAABSKaK2YBYR
variableswhere there arghree possiblevalues the gridis colorized based on the following key: White

represents the firstesponsereferencedin the list Grayrepresents the middleesponsereferenced
andBlackrepresents the thirdesponsereferenced For exampleif the square footage of a particular

home is greater than 1,607, thenitwilbeo f O] ot aSR 2y (KS &¢00,6t¢ 1Se& ¢
M ¢ 11 showén in the figures below.

Examining the graph sorted by percage ofheat pump heatingKigure65), the left sidewhich
indicateslow percentgeof heat pump usealso correlates wittmoderateand high total heating usén

the characteristicgrid below the graphlow heat pump percentageorrelates strangly with homeswith
largerconditionedsquare footage$ 8 SS d {yWVRC KLU0 S2 6y SNI Ay Sy iArzy 6aSS
andit correlatesweakly or moderately with zoning issuési S S & %2 y. WnédectedlysotinS & ¢ 0
homes clumped towards the left side of the graptit S S d@nénfight Ndve) expected that homes
with solar would bemore interested in usintheir heat pumgs, or that homes with solamight perceive
that the heat pump was using solar, a marginally free source, once the installation fempaid
Anecdotallywe have foud a range of strategies by horaenerswith both solar and heat pumps. We
have heard from a couple of hormo@ners that they want solar to power their heat pumps and that
when their solar surplugdm the summer isised,they trimthe use of their heat pumps.

Figure65. Heating byHeat Source pdrdome Ordered by Percent Heat Pump Heatimigh Grid of
Home Characteristiqs = 78)
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Examining the graph sorted Igtal heat pump heatingn MMBtu (Figure66), the left sidewhich
indicateslow heat pump usgcorrelatessomewhatwith alower percentage of heat provided by heat
pumps In the gridof characteristicbelow the graphthe left sidehas no clear correlation, indicating
that many factors contribie to the total amount of heat provided by heat pumps.

Figure66. Heating byHeat Source pdome Ordered by Heat Pumideat Delivered (MMBtuyith Grid
of Home Characteristiqs = 78)
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Binary variables are ordered with plotting colors {(White, Black). Other variables are ordered with plotting colors (White, Gray, Black).

Examining the graph sorted by total heatingVIMBtu across all heating sourcgsgure67), the left
side whichindicateslow total heat use correlates witha higher percentage of heat provided by heat
pumps. In the grief characteristicbelow the graph, the left sidappears to correlate with smaller
homeswith less conditioned square footage.
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Figure67. Heating by Heat Soce, Ordered by Total Heatingitht Grid of Home Characteristi¢s = 78)
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The next set ofigures(Figure68, Figure69, Figure70) showsthe subset of metered homes that also
responded toa separateonline Whole Home Heat Pump surveytie summer of 2025*In total, there
were 19 respondents to the survey among the 78 homes metered.

Figure68is ordered by increasing percageof heat pump heating. As discussed above, it appears that

larger homes are more likely to have lower perages of heat pump heating. Homeowner intention

also appears to be highly correlated witte heat pum gercentageof heating. Other indicators of

f 26SNJ LISNOSYy (O KSFG LizYLd KSFGAYy3 FNBE GKS O2asi NI OG2
perceived by the homeowndguestion(i8) in survey)homeowned Q NXBdoigfdidbisaRaverage

winter day(ill_r1) the heat pump beingonsideredhe primary heatingsource (€9), the heat pump

beingthe only heating sourcéh5),how oftenthe heat pumpis considered the primary systeii0), and

homeowner confidence before and after theat pumpinstallation(i7, i9) Interestingly, homeowner

confidence after théneat pumpinstallation is a better indicator of usage than homeowner confidence

before the installation.

34\Whole Home Heat Pump Rebat®025 Survey Summary Results. November 2025.
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https://www.efficiencymaine.com/docs/WHHP_Participant_Survey_Findings_2025.pdf






















































































































































































































