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1 EXECUTIVE SUMMARY

In July 2024, Efficiency Maine selected Demand Side Analytics and Ridgeline Energy Analytics (the
Evaluation Team) to perform an independent impact evaluation of the heat pump water heater
(HPWH) and electronically commutated mot@ECM)circulator pump measures offered through the
Efficiency MaineRetail and Distributotnitiatives. For the HPWH measure, our evaluation foadien
participants fromJanuary 1, 2023, through June 30, 20R2dr theECM circulator pumpeCMCPR
measure, our evaluation foced on participants from fiscal year 2023 (FY2028hich began July 1,
2022, and ended June 30, 20Z3ble1shows the number of units to receive program support and
averageper-unit reportedgrosssavingsvaluesover the relevant time periods.

Tablel: PerUnit Impacts by Measure

Winter Summer NEITIE Propane Heating Kerosene

oil
vty MMBY) - imBiy
HPWHe | 14742 | 683 | 0.120 | 0.074 | 0232 | 0796 | 430 | 0.1
ECMCP| 14777 | 113 | 0040 | NA N/A N/A N/A N/A

[al The perunit factors in this row are averaged across multiple T&Vingsschedules.

Measure  Units kWh KW KW

) (MMBHw)

1.1 EVALUATIONFINDINGS

1.1.1 HEATPUMPWATERHEATERS

The HPWH evaluation included a weddased participant survey, a pre/paastivanced metering
infrastructure AMI) analysis, a metering study, and distributor interviewsble2 presents the core
impact evaluation results for thelPWH measureRealization ratesarethe ratio ofverified gross
savings, as determined by the evaluation, to theadjusted gross savingg/e providesome discussion
around the realization ratem Section 3.3.1andadiscussion on key drivers irable3. The netto-gross
ratio (NTQR) wasestimated throughthe participant surveyand corroborated with findings from the
distributor interviews

Table2: HPWH Impact Evaluation Resulaquary 2023 June 2024

Unadjusted | Realization Gross NTGR Net
Gross Rate Verified Verified

Units 14,742 N/A 14,742 N/A 14,742
Energy (kWh) | 10,073,875 43.4% | 4,371,150 84.2% | 3,680,509
Annugl | Natural GasNIMBiY) | 3425 105.9% | 3627 84.2% 3,054
Energy Propane (MMBtu) 11,738 74.1% 8,698 84.2% 7,324
Savings |1 oating Oil (MMBtu), 63,980 |  81.8% 52,334 | 84.2% | 44,065
Kerosene (MMBtu) 1,916 15.4% 295 84.2% 248
Winter kW 1,769 70.0% 1,238 84.2% 1,043




: Unadjusted Realization Gross Net
Metric Gross Rate | Verfied ~ VCR  Verified

Peak
Demand Summer kW 1,098 60.4% 663 84.2% 559
Savings

InTable3, we present the primary realization rate drivers for our evaluation of the HPWH measure.

Table3: PrimaryRealization Rate DriveisHPWH Measure
Impact Factor Discussion ‘

QaXw  represents the energy required to serve the annuat water load (HWL
. and is a key input for several algorithiad % AZEFEAEAT AU - AET A
D Technical Reference Manual (TRMhe current TRM assumption, which is drawn
kWh/yuw,  from the prior HPWH evaluation and based on the 2015 Residential Energy
Consumption Survey, is 2,821 kWh. Our evaluated value, which is based on res
from the metering study, is 1,534.

The efficiency adjustment factor (EAF) is the ratio of fiblmsed measurements of

HPWH efficiency to rated HPWH efficiency. The prior evaluation found an EAF {
D 0.88, while we found an EAF of 0.50. There are two key drivers of our EAF. Firs

many ofthel AOAOAA (07(0O0 1T PAOAOA ET EUAOE
(electric resistance) kicks in, the efficiency of the HPWH is poor. Second, rated
efficiency values assume more hot water usage than what we observed in the fi

Efficiency decreases due toastdby losses when hot water usage is low.

The prior evaluation and current TRM algorithms do not apply an efficiency
adjustment factor to the baseline water heater efficiencies. However, baseline
storage water heaters experience standby losses just like HPWHs do. We apply
000 adjustment factor to he baseline efficiencies in our study, which increases the
savings.
O$AAEOCEIT OUPA6 OAEAOO OI xEAOEAO Ol
i OOAOOI £ZEOG6Q T O 110 jOI 1 OO 1 BDI 0007 |
& /D 19% retrofit and 81% lost opportunity. Based on findings from our participant su
we used a split of 13/87 fleomes with an electric water heating baseliard a split
Decision type of 40/60 forhomes with a norelectric water heating baselinérhis change led to
increased savings for the average electric baseline home and increased electrifi
loads for the average noglectric baseline home.

¢ )¢

In Table4, we show the distribution of selieported income by program pathway. Household income
levels were collected as part of the participant surf@yeSection3.2.3.6. The three distinct program
pathways are described iBection3.

Table4: Distribution of SelfReported Incoméoy Program Pathway



Self-Reported Income Birf®

Program Pathway

Medium High
Mail-in 7z Retail 13.2% 31.9% 54.9%
Instantz Retail 23.1% 44.5% 32.4%
Instantz Distributor 12.6% 42.1% 45.3%
Overall 17.9% 42.2% 39.9%
lal Respondents who declinem select an income bin are not included in these percentages.

1.1.2 ECMCRCULATORPUMPS

The ECMirculator pumpevaluation included a metering study, a price elasticity analysis, distributor
interviews, and contractor interviews.able5 presents the core impact evaluation results for the

measure Because 97% of rebated pumps were installed in residential premises, our evaluation focused
on the residential applicationThe values imTable5do not include commercial installation$he

realization rate is the ratio of unadjusted gross savings to the gross verified savings we produced as part
of the evaluationWe estimated theNTGRthrough the price elasticity analysis and corroborattgk
resultswith findings from the distributor and contractor interviews

Table5: ResidentiaECM Circulator Pump Impact Evaluation Res(f$2023)

. Unadjusted Realization Gross Net
Metric Gross Rate Verified NIIER Verified
Unitg® 14304 N/A 14304 N/A 14304
Energy (kWh) 1440413 46.9% 675,149 79.5% 536,743
Annual Natural GasNIMBtu) 0 N/A 0 N/A 0
Energy Propane (MMBtu) 0 N/A 0 N/A 0
i ]
Saving&! |y ting Oil (MMBtW)| 0 N/A 0 N/A 0
Kerosene (MMBtu) 0 N/A 0 N/A 0
Peak Winter kW 519 28.7%0 149 79.5% 118
Demand
Saving$’ Summer kW 0 N/A 4 79.5% 3
[alECM circulator pumps installed in commercial premises are not included in these totals.

InTable6, we present some of the primary realization rate drivers for this evaluation.

Table6: PrimaryRealization Rate DriveisECM Circulator Pump Measure

Impact Factor Discussion
D Based on our metering study, we calculated an average annual hours of use va

812 for residential applications. The prior TRM assumption of 1,374 hours was
Hours of use  4qanted from the 2016 Efficiency Vermont TRM.




Impact Factor Discussion ‘

AkWnaxis a function of efficient wattage and baseline wattage. Prior assumption
D regarding efficient and baseline wattage were drawn from the 2016 Efficiency
Vermont TRM (14.4 Watts and 87.7 Watts, respectively). Evaluated values were

AKWinax based on metering data fra ECM pumps angpot amp and power readings taken
from nonrECM pumps while in the fiel@0.1 Watts and 78.1 Watts, respectively).

Thewinter coincidence factorGFky) estimate is based on predictggimp runtime
- during the ISGNE winter peak periodOur weathernormalized estimate is 17.9%,
D meaning17.9% of ECMirculatorpumps are operating during the winter peak peris

CFv on average The prior TRM assumption of 49.5% wasitorof the average heating
degrees during winter on peak hours to maximum heating degrees ugpigal
meteorologicalyear TMY) data weighted for Portland, Caribou, and Bangor.
O7TAADELND Al EUAAS Ei PAAO AOOEI AOGAO OA
x AAOEAO UAAO8 4EAOA AOA A MEAx A&l AOT

~

D evaluators. Many inputs in the Efficiency Maine TRM are based on TMY3 weath
Typical weather data, which is deveped using weather data frorh991to 2005 For this evaluation,
data we weathernormalized our impact estimates using TMYx data. TMYx conditions

generally warmer than TMY 3 conditions (which correlates with lower predicted <
heating loads).

1.2 TRM RECOMMENDATIONS

For the HPWH measure, we recommend modifying select algorithms, introduténgimpact factors
updating impact factorsand updatingoer-unit savings valuesNe do not coveall the recommended

updates in this sectiog seeSection3.5for the comprehensive updateecommendatiors. We touch on

key impact factorsn Table7 and updatedper-unit savings values Table8. The perunit values shown

in Table8 blend impacts across homes where the HPWH is an efficiency measure (53.6% of homes) and
homes where the HPWH is an electrification measure (46.4% of homes). Additionatiythe factors

in Table8 combine our proposed updates with a current assumption for HPWH uniform energy factor
(UEF)and do not match our gross verified penit savings values (whidleflect the average) EFof the
program-supported HPWH during the period of investigatjon

Table7: Key HPWH Impact Factors

Factor Discussion

Evaluated
Value

This metric represents the annual water heating load for an electric
KWh/y e 1,534 water heater with a COP of 1.0 and was estimated via the HPWH
metering study.Perunit savings values are a function of this metric.

This is arefficiency adjustment facto(EAF)or HPWHSs that accounts
EAFRE 0.50 for standby losses and inefficiencies related to HPWHS running in
electric resistance mode




This is an efficiency adjustment factor for baseline water heaters that

EARase 0.75 accounts for standby losseH.is not included in current TRM algorithm
but we recommend adding it.
This is touched on imable3SOAA OEA OS$AAEOEI 1T 4
TRM assumes 19% of installations are retrofit and 81% are lost

% Retrofit 25% opportunity. Based on our participant survey, we (1) found the split

varies by baseline fuel and (2) estimated an overall split of 25% retrg

and 75%ost opportunity.

Table9 shows our recommende@RM factors foresidentialECM circulator pumpmnstallations We do

Table8: Resulting TRM Peunit Saving Valuesor HPWH

Metric Per-unit Value®

Energy (kWh) 356
Natural GasNIMBtu) 0.26
Annual Ener
ENCTYE propane (MMBtu) 0.62
Savings
Heating Oil (MMBtu) 3.57
Kerosene (MMBtu) 0.02
Savings Summer kW 0.049
[al Theseper-unit values blendmpacts across homes where the HPWH is an efficien
measure and homes where the HPWH is an electrification meagugitionally,
theseper-unit values do not match evaluated panit values because these are
based on a more current EUF assumption

not have any recommended modifications to the algorithms.

Table9: ECMCPTRM Factorg Residential Applications

Impact Factor Evaluated Value

WattSgase 78.2
Wattsee 20.1
Ckv 17.9%
Cks 0.6%
AKWax 0.0581
AW 0.0104
AkWsp 0.0003
Annual Hours 812
AkWh 47.2
Energy Period Factor (EPE)Winter Off 51.7%
EPFz Winter On 39.7%
EPFz Summer Off 5.1%
EPFz Summer On 3.5%




Impact Factor Evaluated Value

Net-to-gross ratio 79.5%
In-service rate 100%

1.3 COST EFFECTIVENESS

Weused the results of the gross and net impact evaluations in combination with two different sets of
avoided costs to compute benefitost ratios forl5different HPWH benefitcost scenarios antil

different ECM circulator pump benefitost scenarios. We considered both retrospective and
prospective scenarios, defined as follows:

1 Retrospective ScenariosUtilize the avoided costsand methodology and assumptions (M&AS)
in place during FYZZBand FY2024. These years were both parthaf Efficiency Maine2023
2025Triennial Plan (Triennial Plan or TR/). TPV uses avoided costs from the 2021 Avoided
Energy Supply Component Study (AESC 2021)
f Prospective ScenariosUOET EUA OEA AOTI EAAA AT OO0 AT A -0! 0O EI
2026-2028 Triennial Plan (Triennial Plan,\dr TPV). TPVI uses avoided costs from the 2024
Avoided Energy Supply Component Study (AESC 2024)

All benefitcost (BC) analysis utilidehe Efficiency Maingrimary benefitcosttest, which takes the
perspectiveof all utility customers (participants and negparticipants) Section5 provides a full
discussion of the methodologyscenarios considered, and thesults. The ECMCP results reflect
residential installations only since those were the focus of our evaluation.

In the primary prospectivelPWHscenario last rowin Table10), the net present value of the benefits

estimated to bel.94 times greater thathe net present value of the costBor the primary prospective

ECM circulator pump scenarit@ét rowin Tablel11), the net present value of the benefisestimated

to be 1.35 times greater than the net present value of the c@stamportant piece of context for the

ECM circulator pump results is thiite incentive Efficiency Maine provides exceeds the incremental

measure cost (and for some promotional periods, the incentias more than twice the incremental

measure coshAOT I x ET AAT OEOA" OAAT AOET A1 O w#- AEOAOI AOI
than the incremental cost, produces a BC rati®d8 z meaningthe net present value of the benefits

estimated to be moraghan twice the net present value of the costseeTable69 and Table71for more

information on this scenario)



Table10: HPWH BenefHCost Ratios

Scenario Perspective Costs BC Ratio
2021 Gross Evaluated Retrospective AESC 2021 1.51
2024 Gross Evaluated  Prospective  AESC 2024 1.94

Tablel1l ECM Circulator Pump Benefiiost Ratios

Scenario Perspective Costs BC Ratio
2021 Gross Evaluated Retrospective AESC 2021 1.10
2024 Gross Evaluated  Prospective  AESC 2024 1.35




2 INTRODUCTION

The primary objectives of this research were to evaluate annual energy savings, peak demand savings,
and costeffectiveness of the HPWH and ECMCP measures. For the evaluation of the HPWH measure,
ourkey evaluation steps included

A Use AMI data to perform a pre/post analysisThis analysis examimkthe changes in
DAOOEAEDAT 008 Al AAOOEA Ai 1 O0O0i bOEIT DPAOOAOI O AE
include average annual energy and summer/winter peak demand savings estimates. The
analysis included a matched comparison group of 4pamticipants, and he general form of the
regression modefollowed the Lawrence Berkeley National Laboratory (LNBlimne-of-Week
Temperature (TOWTinodel.

A Meter program-supported HPWHs in a sample of 20 household$he meteringdata was
used to estimate key TRM factqrsuch as the annual energy required to deliver the annual hot
water demand (kWh/yxw) and an efficiency adjustment factor for HPWHSs that accounts for
standby losses anihefficiencies related to HPWHSs running in electric resistance mode.

A Field a webbased participant survey.The survey inforrad net-to-grossresults and was a key
input into the AMI analysis, as we used the survegrabe for decision type (lost opportunity
or retrofit) andwater heatingbaseline fuel.

A Conduct distributor phone interviews. We conducted phone interviews with five HPWH
distributors. The goal of the interviews was to assess the influence detfieiency Maine
discounts on sales of qualified heat pump water heaters.

Our key evaluation steps for the evaluation of the ECMCP measure included

A Meter 41 program-supported ECMcirculator pumps in a sample 022 households The
metering results vereused to estimate average annual enersgvingssummer/winter peak
demand savingsand energy period factof®r residential installations

A Conductdistributor and contractor phone interviews. We interviewed a sample of five
ECMCP distributors antBECMCP contractors.HEse interviews inforrad net-to-grossresults.
Specifically for the ECM circulator pump measure, distributors are among the most qualified to
discuss program administration, incentives, successes, and market impacts.

A Perform a price elasticity analysisin a price elasticity analysis, the goal is to understand how
variations in incentive level affect sales volun@tputs from this analysisstablished thenet-
to-grossratio for ECMCPs

Tablel2summarizesour evaluation approach for each measuvée provide details on our evaluation
of the HPWH measure iBection3and the ECM circulator pump measureSaction4. Because only 3%
of ECM circulator pumps rebated in FY2023 were installed in commercial buildings, our evaluation
focused on residentiahstallations



Table12 Overview ofApproach by Evaluation Topic

Price
Elasticity
Modeling

AMI Surveys/

Evaluation Topic Metering

Analysis Interviews

Annual energy impact \%

Summer and winter peak impacts

Energy period factors

Peak coincidence factors

|1 << |I<
I < | <1< |<

Hourly load shape

In-service rate

Net-to-gross ratio

Heat Pump Water Heaters

I < I K<< |I<|I<K< <

Determine the appropriate baseling

Annual energy impact

Summer and winter peak impacts

Energy period factors

I << | <

Peak coincidence factors

In-service rate \%

ECM Circulator Pumps

Net-to-gross ratio \% \%




3 HEAT PUMP WATER HEATERS

Through theEfficiency MaineRetail and Distributoinitiatives, Efficiency Maingrovides rebates on
ENERGY STARertified heat pump water heaters for residential and commercial customers in Maine.
There are three distinct program pathways:

A

Mail-in zZ Retail. Participants fill outand submit aebate form after purchasing an eligible
HPWH and are sent a rebate check in the mail.

Instant z Retail. Participants scan a QR code while in stgoeovide their contact information
via web form and receive an instant discount barcode via email (immediately after submitting
contact information).The discount is applied when the barcode is scanned at the register.

Instant z Distributor. Plumbers receive an instant discount when purchasing eligible HPWHs
through participating distributors, and then pass the cost savings on to customers (i.e.,
participants purchase the HPWH frothe plumberat a reduced cosf.Customersvho purchase
their HPWH(directly from Granite Group also fall under this pathway.

Tablel3summarizegeported program activity over our evaluation periodgnuary 2023 through June

2024).
Tablel3 ReportedProgram Metrics
Program Pa 3
> Old
Units 772 5,632 8,438 14,742
Energy (kWh) 541,770 3,727,195 5,804,910 10,073,875
Natural GasNIMBtu) 187 1,258 1,980 3,425
Annual
Energy Propane (MMBtu) 642 4,304 6,792 11,738
Savings | eating Oil (MMBtu) 3,350 24,009 36,621 63,980
Kerosene (MMBtu) 100 719 1,097 1,916
Peak Winter kW 95 655 1,019 1,769
Demand

Our evaluation of the HPWH measure included four key evaluation activitiesb-basedparticipant
survey,phoneinterviews withHPWH distributorsa pre/post analysis with AMI data, aadnetering
study. The remainder of this chapter is organized as follows:

v v D D

In Section3.1, we summarize key evaluation findings.

In Section3.2, we provide details on the participant survey.

In Section3.3 we provide details on both the AMI analysis and the metering analysis.

In Section3.4, we provide details on the distributor interviews.

In Section3.5 we provide our comprehensive TRM recommendations for the HPWH measure.

1C



3.1 HIGH-LEVELEVALUATIONFINDINGS

Tablel4summarizes some of our higlevel evaluation findings. We provide greater detail on these
findings in subsequent sections.

Table14 HighLevel HPWH Evaluation Findings

Topic Findings

We found that 54% of participants had electric water heaters before
Domestic hot water installing the programsupported HPWH. Of the 46% with neglectric
baseline fuel baselines, mostisedoil. Often, the replaced oiffired system was

ET OACOAOAA xEOE OEA EiI i A80O OPAA
For homes with electric baselines, we estimated 1,298 kWh of annual
energy savings. For homes with nahectric baselines, we estimated 86
Annual energy impact | kWh of additional annual electric uséheA O A O &lAMMBtu impact

of a HPWH (inclusive othe energy impact of the HPWH itselhd, for premises with
a fossil fuel baseline, MMBtu savings associated with the electrificatio
OEA DPOAI EOASO )wassHAMMBEIAAOET ¢ 11 A

Program impact on Overall, we estimate the freeridership rate is 15.8% and the NTGR is

customerlevel 84.2%. In other words, we believe 15.8% of program participants wou

purchasing decisions | have installed a HPWH even without the program.

Program impact on Distributors were asked to rate how influential the incentive program h

distributor-level been in reaching the current level of awareness and adoption of HPW
stocking, sales, and among Maine contractors. On a scale from 0 (not influential) to 10
awareness (extremely influential), the average ratingas 9.8.

92% of survey respondents reported that they probably would, definite
Customer satisfaction | would, or already have recommended a HPWH to family, friends, or
neighbors.

In the prospective gross scenario, we estimate the measure retutréi$

Cost effectiveness of benefits per $1 of costsing the Efficiency Maine primary cost test

No surveyrespondents indicated that their prograreupported HPWH

In-service rate had not been installed.

3.2 PARTICIPANT SURVEY

As part of our evaluation aghe HPWH measure, we fielded a wdidased participant survey.

Participants with valid email addresses fralanuary 2023 through June 2024re invited to take the
survey.Tablel5shows key participation metrics over this periodvédall, we had a11.9% response

rate.! Key research areas for the survey include freeridership, baseline fuel, and decision type (retrofit
vs. lost opportunity).

1.7 OA OAIT 01 AAA6 Ai AE1 O AOA ETAI OARAA ET OEA AATTI1ETAOI O
AT AET O OEAO xAOA OAEAAOAA AU OEA OAAEDPEAT 6060 Ai AElI OAO
survey invitation emails weredunced.
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Tablel5 Participation CountsJanuary 2023 June 202%

Metric Value

Rebated HPWHs 14,742
Unique installation addresses 14,621
Survey invitation emails sent 8,455

Completed surveys 1,002
Response rate 11.9%

Key highlevel findings from the participant survey include:

= Approximately 16% of participants indicated that they would have installed a HPWH without a
rebate. This response was notably higher (44%) among new construction participants (which
represented about 6% of respondents).

= Respondents whosbaselinefuel was norelectric were approximately three times more likely
to berepladng a functioning water heater (as opposed to replacing a4fmnctioning water
heater) han respondents whoskaseline fuelvas electric.

= High-income respondents (setlieported) were more likely tbe replacingafunctioningwater
heater(as opposed to replacing a ndanctioning water heaterjhan other respondentsSee
Section3.2.3.6for more information on selfeported income ranges.

= Almost half of the respondents (48%) also installed a heat pump within the last three years. The
transition of space heating from oil to electric is certainly correlated with HPWH adoption since
the domestic hot water in many Maine homes is served by thigeh

3.2.1 FREERIDERSHIE NET-TO-GROSS

One of the primary purposes of the participant survey was to answer the question: What percentage of
HPWH rebate recipients would have purchased the HPMAvay,without financial support from
Efficiency Maine? Such participants are known as freeriders. Théongtoss ratio (NTGR) for the

HPWH measure is the complement of the freeridership rate:

0 "YOYp O QQi TIHQi i
3.2.1.1 Methodology

The method we used for calculating freeridership follows the approach laid out in the Evaluation
Framework for Pennsylvania Act 129 Phase IV Energy Efficiency and Conservation Préghades.

this framework, the freeridership score is the sum of a participant intention score and a program
influence score. The intention question seeks to understand what participants would have done absent
the rebate, and the influence question seeks talarstand how influential the program was on the
DAOOEAEDPAT 060 AAAEOEI 1T O DPOOAEAOA A (07(8 4EA
and are given equal weight in the freeridership calculation:

O 'QQI TWIHODH 6 QEBGRE F#0E "QA 6B &0'O0

2 Available athttps://www.puc.pa.gov/media/1584/swehaseiv_evaluation framework071621.pdf

ET


https://www.puc.pa.gov/media/1584/swe-phaseiv_evaluation_framework071621.pdf

3.2.1.2 Intention

The participant intention question was:

Imagine you never learned about the Efficiency Maine incentive for the purchase of a heat pump
water heater. Which of the following best describes what you would have done?

1. | would not have purchased any water heater.
2. 1would have purchased a water heater, but not a heat pump water heater.
3. |would have purchased a heat pump water heater without the rebate
4. | would have purchased a heat pump water heater without the rebate a year or more later
5) AiTT1T60 ETT x
Tablel6shows the distribution of responses and the intention score for each response. The response
distribution was evenly distributed with option 4 standing out as the least common response.

Tablel6: Intention Scoring

Response % of Respondents Intention Score \
1. Iwould not have purchased any water heater 22% 0
2. | would have purchased a water heater, but not a h
26% 0

pump water heater
3. 1 \{vould have purchased a heat pump water heater 210 05

without the rebate
4. 1 would have purchased a heat pump water heater 10% 0

without the rebate a year or more later

Remove from

5.) Ai180 ETI x 20% :
scoring

3.2.1.3 Influence

Theprograminfluence question required participants to provide a Likert scale response to several
different prompts. The question and prompts table are shown below.

Please indicate on a scale &f (lwvhere 1 means not important and 5 means extremely important)
how important each of the following was in your decision to purchase a heat pump water heater. |
DOOAEAOGAA 1 U EAAO POIi P xAOAO EAAOAO AAAAOOAS

Factor1: 8 OEA OAAAQOA 11 xAOA#&er OEA AT 00 T £ OEA xAO

Factor 2. 8 it was easy for me to apply for / receive the rdb@tenaitin retail pathway]
BEO xAO AAOU & O | Affobistar@dtcOpatveafy ET OOAT
8EO xAO AAOGU &I O I A O bPOOAE[MMAtanOEA x
distributor pathway]

Factor3: 8 OEA wAZLZEAEAT AU - AET A OAOET ¢cO AgAi Pl A
ET Al AAOOEAEOUS6Qq xAO Al i PAIITEICS

Factor4: 81 £ OAAT I 1 AT AAOCETT O £OI T T U EOEATAO 160

Factor5: 81 £ OAAT i I AT AA OE [IfiHBWHE®S riot séifistalled] OOAT 1 AO
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A
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For each participant, the maximum Likert scale response was retained, and the influence score was
assigned based on the mapping shownliable17.

Tablel7 Influence Scoring

Scale Influence Score

1z Extremely unimportant 0.50
2z Unimportant 0.50
3z Neutral 0.25
4z Important 0
5z Extremely important 0
£ TTA T £ OGEA 1 A0O Oxi T POEITO j OAAAAOOA T £ OAAT I
OAAT I 1 AT AAGETT O &£O0Ti 11U ETOOAI T AOO QupGuashichma3AA OEA |

asked. The followup question was:

You indicated that a recommendation was the maost important factor in your decision. Did the
person who recommended the heat pump water heater mention that Efficiency Maine programs
could help offset the cost?

1. Yes

2. No

3.) AiT1T60 OAAAII
'T ET &l OAT AA OAT OA T &£ UAOT xAO AOOGECT AA O1 OEA 09.
OAOOEAEDPAT OO xET OAODPIT T AAA ectoBE.19Bgws tivd infléedce OAA AT 1 6
scoring examples.

Figurelshows the distribution of responses to the primary influence question. Most people cited the
rebate itself, how easy it was to receive the rebate or purchase the HPWH at a reduced cost, or the
savings example as either somewhat important or extremely img@at in their purchase decision.

14



Figurel: Distribution of Influence Responses

80
1. Extremely unimportant
2. Unimportant
3. Neutral
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5

6
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. Extremely important
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3.2.1.4 NTG Results

Table18shows NTGR results by program pathway. Most program participants went through the

Instantz Distributor pathway, but most survey respondents went through the InstaRtetail pathway.

This discrepancy can be explained by the fact that we had better eaddiless coverage for the Instant

Z Retail participants since these participants must provide an email address to get the instant discount.

AEA 1T AOCOEAO E1T OEA O/ OAOAI 16 Oi x AOA xAECEOAA AAO.
we estimate thefreeridership rate is 15.8% and the NTGR is 84.2%.

Tablel8 NTGR Results by Program Pathway

Pathway % of Rebates Res;/gr?:ien s Freelggteershlp NTGR
Mail-in 7 Retail 5.2% 11.7% 20.4% 79.6%
Instantz Retail 37.5% 50.2% 7.9% 92.1%

Instantz Distributor 57.3% 38.1% 20.6% 79.4%
Overall 100% 100% 15.8% 84.2%

Table19shows a crosstab of the intention and influence scores. Respondents in the lower right cell
(intention = 0.5, influence = 0.5) are full freeriders. Respondents with a freeridership score greater than
0 but less than 1 are partial freeriders. Most respartdevho indicated that they would haymurchased

a heat pump water heater without the rebafetention = 0.5) also indicated that something about the
program (the rebate, ease of participation, the savings example, etc.) was important in their decision to
purchase a HPWH.



Tablel9: Influence and Intention Score
Intention Score

Influence Score 0 05 Total
0 572 192 764

0.25 4 8 12

0.50 3 7 10
Total 579 207 786

3.2.2 BASELINEBINS

To determine the appropriate baseline for measuring the energy impacts associated with the HPWH
installation, participants were asked about the installation: whether the HPWH replaced an existing
water heater, the condition of the prior water heater (if@jzable), the fuel of the prior water heater (if
applicable), and other fuels they considered prior to purchasing the HPWH. Using the survey responses,
we binned each respondent into one of four baseline fuel and decision type bins: electric lost
opportunity, electric retrofit, nonelectric lost opportunity, and nowlectric retrofit. Figure2 showsthe

results by program pathway 4 EA O7AECEOAASG O x ADPDPI EATGHOABHA Om
Homes with a norelectric baseline fuel were significantly more likely to install a retrofit HPWH than
homes with an electric baseline fuel. Additional details about the relevant baseline questions are in
subsequent sections.

Figure2: Baseline Bins

Distributor 40.3% 5.0% 33.4% 21.3%
. . : .
= Instant 51.3% 8.9% 252% 14.6%
(0]
o
Mail-in 48 3% 5.2% 20.7% 25.9%
= Unweighted 46.7% 7.0% 27.8% 18.5%
g : .
=
o Weighted 44 8% 6.5% 29.7% 19.0%
i ‘ i i T i
0 20 40 60 80 100

Percent (%)

W Electric LO 7 Electric Retrofit ¥ Non-Electric LO B8 Non-Electric Retrofit
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3.2.2.1 Baseline Fuel

Our assignment of baseline fuel for each respondent relied on questions about the installation type, the
prior water heating fuel (if applicable), and other fuels considefiethle20 provides additional details.

Table20: Baseline Fuel Assignment by Installation Type

Installation Type Baseline Fuel Assignment

Replacement

(83% of respondents) Assigned based on prior water heating fuel.

I OOECT AAOAA 11 1TOEAO &£OAIT O Ai1C
New Construction  both electric and norelectric options, we assumedli&e-for-like electric
(6% of respondents) baseline This was the more common baseline among lost opportunity
installations

Additional Unit

(10% of respondents) Same as new construction.

The baseline fuel question and response options are shown below. This question was only asked if the
respondent said they replaced an existing water heater. We reviewed the-epdad responses for
DAOOEAEDPAT 00 xET OAIl AAOA Assi@iedthe€ePhrticipadti th dn€of thé OA 6
provided baseline fuels if possible.

Thinking back to before installing the progigupported heat pump water heater, what type of

fuel did the prior water heater use?

oll

Propane

Natural gas

Kerosene

Traditional electric
Electric heat pump
Something else (specify)

No ak~owdpRE

The distribution of responses is shownHigure3. The most common response was traditional electric
(42%) followed by oil (40%). Overall, half of respondents said their prior water heater was electric and
half indicated their prior water heater was powered by fossil fuels.

17
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Figure3: Baseline Fuel Responses
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Oil Propane Natural Gas Kerosene Traditional Electric Heat Pump Something else

Baseline Fuel

The question about other fuels considered is shown below. Note all respondents were asked this
guestion and multiple selections were allowed, meaning a single participant could have theoretically
selected every option.

Before purchasing the progresupported heat pump water heater, what other water heating fuel
options did you seriously consider? Select all that apply.

Qil

Propane

Natural gas

Kerosene

Traditional electric

Something else (specify)

Did not consider other options

No as~ODNPRE

Figure4 shows what percentage of participants selected each option. Most respondents indicated that
OEAU AEA 110 Ai1OEAAO 1T OEAO &£OA1I TDPOEITO8 'iil1lc¢c Ol
majority responded with a type of unit (on demand, tankless, inggd) rather than a fuel.
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Figure4: Other Heating Fuels Considered
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Totals do not sum to 100% because respondents could select multiple fuel types.

Overall, 53% of respondents were placed in the electric baseline bin and 46% were placed in-the non
electric baseline bin. Another 1% could not be categorized using the responses provided. Ignoring this
1%, the baseline bin percentages are 54% and 46%lIé&mtric and norelectric respectively.

3.2.2.2 Decision Type

Our assignment of decision type (lost opportunity or retrofit) for each respondent relied on questions
about the installation type and the motivation for replacing the prior water heater (if applicabld)le
21provides additional details.

Table21: Decision Type Assignment by Installation Type
Installation Type Decision TypeAssignment ‘

Replacement I OOECT AA AAOGAA 11 OEA OAOBPITAATC
(83% of respondents) water heater.
New Construction
(6% of respondents)
Additional Unit
(10% of respondents)

All new construction installations were mapped to lost opportunity.

All additional unit installations were mapped to lost opportunity.

The motivation question is shown below. We reviewed ofegnled responses from participants who

OAT AAOGAA 0311 AGEET ¢ Al A6 AT A AOOECT AA AAAE Oi
were not actually part of the survey, but these were comntleemes among respondents who selected
OEA 0311 AGEET C Al OA6 OAODPI 1T OA 1 POEIT8 2A0DI 1 OA
I BT O0OO0T EOUS AT A OAOPITOA TPOETTO T h Yh AT A «

What best describes the condition of the water heater that was replaced by the {agpanted
heat pump water heater?

4
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It failed and needed to be replaced.

It worked but was old and | expected to replace it within the next few years.

It was in good condition, and | did not expect to replace it within the next few years.
It was in good condition but was expensive to use.

It worked but | wanted to reduce my carbon footprint.

It didn't provide enough hot watert@dother performance issues

Something else (specify).

© N ORWDNPRE

Figure5shows the distribution of responsés’he most common response was option 3. Overall,
approximately % of respondents who replaced an existing water heater would be classified as lost
opportunity measures and approximately6% are classified atrofit.
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Figure5: Motivation to Install Responses

1. It failed and needed to be replaced.
2. It worked but was close to failure and | expected to replace it withir
30.7% the next few months.
3. It worked but was old and | expected to replace it within the next fe
years.
4. It was in good condition, and | did not expect to replace it within the
next few years.
5. It was in good condition but was expensive to use.
6. Other: It worked but | wanted to reduce my carbon footprint.
7. Otherr) 6 AEAT 80 DPOI OEAA AT T OCE EI
issues.
11.9%

11.2%

1 2 3 4 5 6 7

Motivation Category

3.2.2.3 Decision Type by Baseline Fuel

Figure6 shows the distribution of decision type by baseline fuel. Respondents whose baseline fuel was
non-electric were approximately three times more likely to be in the retrofit bin than respondents
whose baseline fuel was electric.

32 A0PT 1T AAT OO0 xET OADPI EAA O/ OEAOS O OEA NOAOOEIT A

guestion. Based on their opeended responses to the replacement type question, most of these respondents
were mapped to retrofit. These respondents aret included in the summary figure.

20

It worked but was close to failure and | expected to replace it within the next few months.
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Figure6: Decision Type by Baseline Fuel Type
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3.2.3 HOMECHARACTERISTICS

Participants were asked to describe their home in order to understand how the heat pump water
heaters would be used. Thege@estions also identified other recent changes to the house that might
affect their household energy use, which is relevant for the AMI analysis.

3.2.3.1 Relationship to Home

To determine how the participants use the property, they were asked about their relationship with the

dwelling. Approximately 90% of the respondents indicated that they are the owner and the home is

their primary residence. Another 8% are owners but dolha on the property fultime or they rent it

I 608 "U AAOGECT h OAODPITAAT OO OEAO OAI AAGAA OA& Oi AO

Figure7showsOEA £01 1 AEOOOEAOOEIT 1 louwerdO ADIA OADB BIAA IADEA |
property managers or owners who live in one unit but rent another unit on the property.
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Figure7: Relationship to the Home
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3.2.3.2 Installation Type

Participants were asked whether the rebated HPWH replaced an existing water heater, installed the
HPWH in a new home, or installed the HPWH to supplement another water heater. The distribution of
responses is shown Figure8. Approximately 83% of respondents indicated that the HPWH replaced
an existing water heater.

Figure8: HPWH Installation Type
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3.2.3.3 Number of Water Heaters in the Home

Figure9 shows the percentages for the number of water heaters present in the home. Most participants
only have one water heater (88%). Approximately 12% of respondents have more than 1 water heater.
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Figure9: Number of Water Heaters in Home
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If a respondent said they have more than one water heater in their home, they were asked-tplow

guestions about the type and fuel of the other water heateigurel0summarizes the responses to

both questions. For the other water heater, 67% use a system that is integrated with their boiler and

25% use a standalone tank. Oil was the most common fuel for the other water heaters (51%). Another

19% use a different fosdilel (propane or natural gas) and 16% use a form of elestiter heater
OAOOEAEDPAT OO xET OAAT OAAA OO1T i AOCEET ¢ Al 6Ao AO OEA
other source.

FigurelQ Other Water Heaters in the Home
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B Naturalgas =2 Oil == Propane B Electric heat pump == Traditional electric #® Something else

3.2.3.4 Location of Water Heater

We also asked where the HPWH was installed in the home. 88% of those who responded indicated that
EO xAO ET OOAT T AA ET OEA AAOAI Al 68 -1 OKpurelZ£2 OEA AAO.
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kitchen, a closet, or another room in the house. For premises with two or more water heaters, the

distribution of the location for the secondary water heaterssgamilar tothe location of the primary

water heater.

Figurell Location of Primary Water Heater
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3.2.3.5 Home Size

Participants were asked about the size of their home and the number of people who live there. Most of
the homes (66%) were below 2,000 square feet, with the highest percentage in the 1,500 to 1,999
square feet rangef-igure12shows the distribution of responsesigurel3shows the distribution of
responses for the number of people who live at the residence. Most participants indicated that two
people live in the home (54%).

FigurelZz Home Size
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Figurel3 Number of Residents in Home
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3.2.3.6 SelfReported Household Income

Survey p@rticipants were asked to select tliecomerange that best describes theadjusted gross
householdincome. Thencome rangeoptions they could select from were based on the number of
people living in their home, which was also s&lported. Table22 shows the income options for each
household size. We mapped Option 1 to Low Income, Option 2 to Medium Income, and Option 3 to
High Income Table23shows the distribution of responses by program pathway.

Table22: Household Annual Income Ranges

Household Size Option 1 Option 2 Option 3
1 $0- $35,000 $35,000- $70,000 $70,000+
2 $0- $46,000 $46,000- $100,000 $100,000+
3 $0- $57,000 $57,000 $100,000 $100,000+
4 $0- $68,000 $68,000- $100,000 $100,000+
5 $0-$79,000 $79,000- $100,000 $100,000+

Prefer not to say $0- $50,000 $50,000- $100,000 $100,000+

Table23 Distribution of SeHReported Income by Program Pathway
Self-Reported Income Birf®

Program Pathway

Low Medium High
Mail-in z Retail 13.2% 31.9% 54.9%
Instantz Retail 23.1% 44.5% 32.4%
Instantz Distributor 12.6% 42.1% 45.3%
Overall 17.9% 42.2% 39.9%
lal Respondents who declined selecting an income bin are not included in these percentages.




3.2.3.7 Home Changes and Load Modifiers

Participants were asked about work that was completed on their home in the last three years such as
home additions, envelope improvements, and load modifiers like heat pumps and EV chargers. The

iT00 AOANOAT O OAODIT OAO

xAOR O OGAIOAAA | RANMQOHD AT B

ET 001 AOGET 1%16% ofxé&sponderitsiingichi@d that they installed a solar PV array and 10%
indicated that they installed an electric vehicle (EV) charger. The percentages for all options are shown

in Table24.

Table24: Type of Work on Home in the Past Three Years

Type % of Residents

Installed heat pump 47.8%
Major insulation work (attic, basement, wall insulation) 24.3%
Replaced majority of windows or doors 15.5%
Installed solar PV array 15.5%
Installed electric vehicle (EV) charger 9.5%
Installed induction stove 7.9%
Major addition (added living space) 5.6%
Installed heat pump clothes washer/dryer 3.3%
Installed hot tub or pool heater 3.2%
Home energy storage 2.5%
None of these 32.1%

3.2.4 OPERATION ANCSATISFACTION

In this section, we present results concerning how the participants are using their HPWH as well as their
level of satisfaction regarding installation and performance.

3.2.4.1 Prior HPWH Familiarity

Participants came to the program with varying levels of knowledge about heat pump water heaters.
76.5% of responses indicated that they had prior knowledge of HPWHSs before participating in the
program.Table25shows the distribution of familiarity responses.

Table25: Prior Knowledge of Heat Pump Water Heaters

‘ Familiarity % of Responses
| had not heard of heat pump water heaters. 10.1%
I hee}rd about h_eat pump water heaters from friends or family but hac 36.9%
no direct experience.
| learned about heat pump water heaters from my own research. 30.3%

“qeEA OTTTA T £ OEAOGAG

OAODPIT 1T OA AEA

1TTO0 AEOOET COEOE AAOX A

who did major work but the type of work was not one of the response options.
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Familiarity % of Responses

| learned about the heat pump water heaters from the rebate prograr 11.3%
| already had a heat pump water heater. 9.3%
I do not recall. 2.0%

3.2.4.2 Heat Pump Water Heater Installation

Most participants (59%) hired a contractor and over a quarter of respondents performed the installation

themselves. The distribution of installers is displayeérigurel4. Participants who responded with

Ol OEAO6 xAOA 110 AOEAA O OPAAEAU xEI OEAU 1 AAT 08

Figurel4 Who Installed the Water Heater?
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Of the participants who used a contractor to install their HPWH, 81% responded that they would
recommend their installer to others and 6% would not recommend their installer. When those who
responded negatively were asked why they would not recommend th@Bdp stated that the
contactor/plumber did not install the unit correctly or did not do what they requested. Another 26%
mentioned the high cost or lack of transparency regarding the cost as their reason. Six people
specifically stated that their installdrad the rebate sent to themselves instead of the homeowner. Five

OOAAAOGASG OAOIETTI1TcCU AT1T £ZO0OCAA OEAI 8-inpabday. OEQOE
3.2.4.3 Operational Mode Understanding

HPWHs come with different operational modes that attempt to balarcergy efficiency and hot

water delivery Operational mode nomenclature differs across the different manufacturers, but the
efficiency options generally range from heat pump mode (most efficient) to electric resistance mode
(least energy efficient but fastest hot water recovery). When we stadidad the responses for each
water heater manufacturer based on the function of the modes, we found that most particifgaats)
set their units to thehybrid mode (variously namellybrid, hybrid standard, or energy saver mgde

27
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The next most popular setting was tlieeat pumpmode (variously named efficiengheat pump, or
heatpumponlymodjs 4 EA OAI1 A AWe®thdleast tommdan rebpbndedo). However, some
participants indicated in an opeanded response thahey would run out of hot wateunless they used

the electric modeFigurel5shows the percentage distribution for all responses.

Figurel5 Operational Mode
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3.2.4.4 Recommendation Likelihood

47 AAOAOI ET A PAOOEAEDAT OO8 OAOEOEZAAOQOEITh xA AOGEAA
family members, or neighbors:igurel6shows the percentages for each level of likelihood. A majority
responded that they would probably recommend HPWHSs, would definitely recommend HPWHSs, or

have already recommended them (91%).
Figurel6: Recommendation Likelihood

80

68.7%

60 -|

40 |

Percent (%)

20 |

1.6%

Definitely Not Probably Not Neutral Probably Would Definitely Would/Have Already

Would you recommend a HPWH?
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why they felt that way. Their reasons included insufficient hot water supply, repeated unit

maintenance, and higher cost. Many stated that they were not savingey because the unit needs to

be repaired often and they had to pay a charge for the labor. Based on the@pmadsed responsekke

06 AOU EAPDPU xEOE OEA DPOI AOAO6h O3AOAD EOBAUARALDD A
some of the respondents misinterpreted the Likert scale

3.3 IMPACTANALYSIS

To estimate the energy impacts of prograsupported HPWHsye performed a pre/post AMI analysis

for a sample of 252 premises that received a rebate or instant discount on a HPWH purchased between
January 2023 and June 2024. We also metered a sample of 20 pregigmorted HPWHSs. All homes

included in the AMI anasys and metering sample respondedttte participant surveydiscussed in

Section3.2 The objective of the AMI and metering analyses was to develop updated impact factors and

perOT EO OAOET CO AOOOI POEI T O &I O ETAT OPT WARAOET T ET %/
summarizeour data sourcesnodeling methods, andhe resultsfrom our analysisn subsequent

sections Section3.5presents ouiTRM recommendations, which include updated parit savings

values, updated impact factors, and slightly modified algorithms.

3.3.1 SUMMARY OFFINDINGS

Table26 shows our evaluated paunit kWh and kW impacts armeéported perunit values. The reported

per-unit values reflect an average across two different T&MingsschedulesThe values in the

O"1 AT AAA " AOGAT ET A6 O x <of titeApaid Orhbns with dieCitc Oakelined OA OA C.
and for homes with norelectric baselinesThe ealization ratesinthe O lendedBaselingd@ O1 x O A OA
somewhat misleading due to the weighted averaging. The realization rates for the electric arnd non

electric baseline rows are more representative of evaluation findifgéle29 provides a lengthier

discussion of realization rate drivers

Table26: Evaluation Results Perunit kWh and kW

(80% Confidence)
Electric Baseline 1,942 1,298 8.4% 66.8%
AkWh  Non-electric Baseline -946 -862 13.6% 91.1%
Blended Baseline 683 297 10.8% 43.5%
Electric Baseline 0.212 0.118 18.6% 55.7%
AkWsp,  Non-electric Baseline -0.103 -0.040 47.8% 38.8%
Blended Baseline 0.074 0.045 32.1% 60.8%
Electric Baseline 0.305 0.269 11.4% 88.2%
AkW.p,  Non-electric Baseline -0.119 -0.130 22.6% 109.2%
Blended Baseline 0.120 0.084 16.3% 70.0%
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By baseline fuelrigurel7shows evaluated load shapes during the summer and winter peak periods.
The top row shows the energy savings load shape for premises with electric baselines. For these
premises, the HPWH is an energy efficiency measure. The bottom row of the figure shevadded

kW load shape for homes with neglectric baselines. The left column isolates the summer peak period
(with the peak hours highlighted in orange), and the right column isolates the winter peak period (with
the peak hours highlighted in purple). Teavings load shape and the HPWH load shape both follow the
expected trajectory peaks in the morning and evening and low overnigftie seasonal difference in

the savings load shapemegligible and the difference between summer and winter peak savings
values is mostly attributable to the different peak periodsyPM for summer, & PM for winter).

Figurel?. Peak Period Load Shapes by Baseline Fuel
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The summer peak period includes non-holiday weekdays in June-August. The winter peak period includes non-hcliday weekdays in December-January.

Table27shows our evaluated parnit MMBtu impacts and current TRM assumptions. These MMBtu

impacts represent the reduced fossil fuel consumption related to the electrification of household water

heating loadg they do not include MMBtu impacts related to the HPVMEFO O A IEED Q!1-1"100 EI PAA
inclusive of the reduced fossil fuel consumption and the MMBtu associated witbl&ugricity use of

the(07(h AOA AEOAOOOAA AAITx OEA OAAT A8 10 11 0AAR C
represent a weighted average of the impacts for homes with electric baselines and for homes with non

electric baselines. The relative precision for the MMBtu impasttied to the kWh/yy. metric and

does not account for uncertainty in the fuel shares that were estimated via the participant survey.
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Table27: Evaluation Results MMBtu
Blended Baseline MMBtu Savings

MMBtu

Baseline Fuel Savings TRM Value Evaluated PRrZI(E:iig;/oen Realization
(Evaluation Period) Value (80% Gonfidence) Rate
Natural gas 10.19 0.23 0.25 15.3% 109%
Propane 10.19 0.80 0.61 15.3% 76%
Qil 9.40 4.34 355 15.3% 82%
Kerosene 9.40 0.13 0.02 15.3% 15%
The savings values under the Blended Baseline column are weighted averages. For exampih\aki8is a weighted
average of no oil savings (for homes with roihbaselines) an8.40MMBtu of oil savings (for homes with oil baselines).

Table28shi x O -EJdderdgyimpacts by baseline fuel, representative of both the energy impacts of

the heat pump water heater itself (converted from kWh to MMBtu at a rate of 0.003412 MMBtu per

kWh) and the MMBtu savings associated with reduced fossil fuel usage related to thefiel@ion of

the household domestic hot water (DHW). The average program participant saé$/B/Btu

annually by installing a heat pump water heater. Thoughexplicity OOA OAAKETGEA -0 AOAO ET O
current TRM is 8.01. The realization rate for thisralnetric is 65%.

Table28: Fossil Fuel ImpacigAll-in at Site
MMBtu Impact

Baseline Fuel From HPWH From DHW Fuel Pzasrziirsa?\fts
Switching

Electric 4.43 0.00 4.43 53.6%
Natural gas -2.94 10.19 7.25 2.5%
Propane -2.94 10.19 7.25 6.0%

o]] -2.94 9.40 6.46 37.7%
Kerosene -2.94 9.40 6.46 0.2%

Weighted Average 1.01 4.43 5.44 100.0%

Finally,Table29 discusses key drivers of the evaluation realization rates. The biggest driver is the

kWh/yuwL metric. Our evaluated value, which is an output of the metering study, is approximately 54%

i £ OEA DPOEI O OAl OAh xEEAE xAO AOAxT &EOI1T 7A0O (EI
Water Heater impact evaluation repott.

SWest Hill Energy and Computing. Heat Pump Water Heaters Impact Evaluation. Available at
https://www.efficiencymaine.com/docs/WHEC EMT_HPWH_Impact_Evaluation_Full_Report_with_Appendices_
12 11 2019.pdf
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Table29: Realization Rate Drivers

Impact Factor Discussion \

‘QuYw  represents the energy required to sertree annual water heating load
and is a key input for many of the TRM algorithms. The 2020 WHEC evaluation

D kWh/yw, assumed an annual water heating load of 2,821 kWh, which was adapted from t
2015 Residential Energy Consumption Survey. Our evalu@&eif¥w  value,
which is based on results from the metering study, is 1,534.

The efficiency adjustment factor (EAF) is the ratio of fiblmsed measurements of
HPWH efficiency to rated HPWH efficiency. The prior evaluation found an EAF (
0.88, while we found an EAF of 0.50. There are two key drivers of our EAF. Firs]

D ‘080 of the metered HPWHSs operate in hybrid modehich blends heat pump mode (ve
efficient) with electric resistance mod@néfficient). Second, rated efficiency values
assume more hot water usage than what we observed in the fitlahdby losses
occur when hot water usage is low, decreasing efficiency

The prior evaluation and current TRM algorithms do not apply an efficiency
adjustment factor to the baseline water heater efficiencies. However, baseline w
heaters can have standby losses just like HPWHs do. We apply an adjustment f
to the baselire efficiencies in our study, which increases the savings.

O$AAEOEI T OUDPASG OAEAOO OI xEAOEAO Ot

i OOAOOI £FEOG6Q T O 110 jOI1T OO0 1DDI OOO0T T

¢ /D 19% retrofit and 81% lost opportunity. Based on findings from our participant sul
Decision type We used a split of 13/87 for electric baseline homes and a split of 40/60 fedewiric
baseline homes. This change led to increased savings for the average electric b

home and increased electrification loads for the average-etettric baselindhome.

3.3.2 DATASOURCES

3.3.2.1 Rebate Data

The pre/post analysis was performed on a sample of premises that received a rebate for a HPWH
purchased between January 2023 and June 2024. In ttitiency Maingrovided discounts for
14,742heat pump water heaters during this period. This count does not includeuaity that were
rebated through the Lowincome Direct Install (LIDI) program. Those units are coveré&kition6. 1

In addition to energy and demand savings valuasgpam tracking data also included information

about the installed equipment, such as the make and model, and information about the rebate

recipient (name, email address, and physical address). The information about the recipient was used to
map program paticipants to utility accounts. We merged the make and model information with the
ENERGY STAR qualified products ({@PL)to obtain additional information about the rebated units,

such as storage volume, uniform energy factor (UEF), and expected annual elecisieifiyable30
providesaverages for these three variables for the full rebate population, the AMI analysis sample, and
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the metering sampleThe QPL also contains information regarding HPWH draw pattern. Over 90% of
OEA OAAAOAA (07(0 EAOA A Oi AREOGI 6 AOAx DPAOOAOT 8

Table30: HPWHSpecs
I OAOACA &I 08

Variable i
Rebat_e AMI Sample Metering
Population Sample
Storage Size (gallon&) 47.1 46.2 45.8
Uniform Energy Factor 3.62 3.68 3.58
Annual Electric Use (kWh/year) 919 898 927
lal Rated capacity is shown here and in the ENERGY STAR QPL. Rated capacity is typically a few gallons
T1T0I Al AADPAAEAIU 1jTAs8 8oh7 (A 1OV EAOA A OAOAA AADPAA

In addition to the HPWH rebate data, we also used heat pump rebate data and electric vehicle (EV)
rebate data for the analysis. The heat pump and EV rebate data was used to filter out premises that
installed a heat pump or purchased an EV within one yéauochasing the HPWHas these other load
modifiers would make it difficult to isolate the effect of the HPWH.

3.3.2.2 Survey Data

As part of our evaluation, we fielded a wblsed participant survey. The survey is discussed in greater
detail inSection3.2 The surveyas instrumental to our AMI analysis, as we used participant responses
to map each respondent to one of four baseline bins: electric retrofit, electric lost opportunity, non
electric retrofit, or nonrelectric lost opportunity Figure18shows the distribution of baseline ksior

accounts in the AMI analysis and for respondents from the participant survey. Overall, most homes had
an electric fuel baseline and were lost opportunity installations. The distributions differ because
impacts for some categories (new constructiony Bxample) cannot be measured through an AMI
analysis. We weighted the results from the AMI analysis to reflect the baseline bin distribution of the
survey participants.
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Figurel8 Baseline Bins
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The participant survey included several other questions that were also used as data points in our AMI
analysis. The bullet list below describes some of these questions.

1 Replacement type.SomeHPWHSs replaced existing water heaters (84%), some were installed
in a new construction setting (6%), and some were installed in addition to an existing water
heater (10%). New constructiqggremises were removed from the AMI analysis.

i Other home modifications. We probed for other changes that were made at the home, such as
the installation of heat pumpssolar panelsor the addition of an EV. Homes that installed a
heat pump or purchased an EV within a year of their HPWH installation were removed from the
analysis. Likewise, homes that installed solar panels prior to or within aof¢heir HPWH
installation were removed from the analysis.

1 Operation mode. HPWHs have different operation modes, ranging from heat pump only (most
efficient) to hybrid mode to high demand mode (least efficient). We usedregbrted
operation mode to explain differences in annual impact estimates from the AMI analysis.

1 Occupancy and living square footageThese variables were primarily used to explain
differences in annual impact estimates from the AMI analysis.

3.3.2.3 Interval Data

We requested hourly interval data for all 1,002 survey respondents andsgomnple of 10,000 homes

that have not received a HPWH rebate. The latter group was used to develop a matched control group.
In total, we received interval data for 899 of the 1,002 participants an@,#®4of the comparison

homes. This section provides summaries of the interval data. Note these summaries are not weather
normalized. Additionally, only premises included in the final analysis file are included in the summaries.
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Figurel9andFigure20show average daily consumption throughout the analysis window for the
electric baseline accounts and natectric baseline accountsespectively (see the blue lirie each

figure). Note these figures represent a blend of pi®WH and posHPWH data. The purple area in the
background shows average daily temperature (see the secondary Y axis on the right side of the figure).

Most spikes and dips in consumption can be traced to ainsipikes in weather conditionsigurel19
shows a steady decrease in daily consumption over time, consistent with homes replacing electric
resistance water heating with HPWHs, aiRdjure20 shows a steady increase in daily electric
consumption consistent with the electrification of DHW loads.

Average Daily kWh

Average Daily kWh

Figurel9: Average Daily Consumption in Time, Electric Baseline Accounts
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Figure2landFigure22 show average hourly load shapes by month and period (pre HPWH and post
HPWH) for the electric baseline accounts and adectric baseline accountsespectively.Forthe

electric baselingarticipants postHPWH efficiency savings are evident throughout the damong

the nonelectric baselingarticipants the delta between predPWH demand and podiPWH demand
is the HPWH itself, butecall that thesdoad shapesre not weather normalizedNormalized figures

are shown irSection3.3.4.1

Figure21 Average Hourly Load Shape by Month, Electric Baseline Accounts
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3.3.2.4 Metering Sample

For a sample of 20 program participants, we metered water flow, temperature difference, and electrical
use of the progransupported HPWH. The participant survey (s&ection3.2) was used to recruit

homes for the metering samplé:igure23showsthe geographic distribution of these 20 homes.

Although the meters were installed entirely in southern Maine, we do not expect that DHW behavior
would vary much by region. Additionally, impact estimates were weathermmalized to the entire

state, and the interval data discussed in the previous sedamrered premises across the staleters

were installed in February/March of 2025 and retrieved in September/Qctd®25

Figure23 Geographidistribution of Metering Sample
%

3.3.2.5 Weather Data

Two different weather datasets were used in the analysis: (1) actual historical weather records to help
understand the relationship between household electric consumption and weather, and (2) typical
meteorological year (TMYx) weather data representatvEo A O1 1 O A1 6 x AAOEAO UAAO
Regarding the historical weather data, each home in the analysis was mapped to a weather station

based on a zito-station map provided by Efficiency Maineigure24 shows the map with the weather

station locations indicated by a black circle and the associated zip codesamied as shown in the

legend.

Regarding the TMYx data, we developed a populatieeighted 8760 TMYx profile using TMYX data
from Portland, Bangor, and Caribou. The weights used were drawn from the Efficiency Maine TRM

8 Multiple variations offMYx dataare available ahttps://climate.onebuilding.org/For the evaluation, we used
the 20092023 version.
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(Portlandz 71.2%, Bangag 23.4%, and Cariborn5.4%). The populationweighted 8760 TMYx profile
was used to produce weatharormalized impact estimates.

Figure24: Zip-to-Station Map
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Figure25shows the distribution of hourly temperaturedgnuary2022 z June2025) for each of the
weather stationsused in our analysis. The distribution is also shown for the weighted average TMYx
profile. The white line in the middle of each box represents the median (or typical) hourly temperature,
and each box runs from the 2percentile of the temperature distribution to the #®ercentile. The
population-weighted TMYx temperature range is smaller than the range of observed weather
conditions for the individual stations, but this is because the TMYx temperatures are averaged across
three stations to develop the populatieweighted profile. This averaging reduces the range of the

data.
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Figure25: Distributionof Temperature Records During Analysis Period
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3.3.3 METHODS

Evaluation results draw from two primary analyses: a pre/post AMI analysis and a metering study. We
marry the results from each analysis with TRM algorithms and assumptions regarding baseline water
heater efficiencies to develop kWh, kW, and MMBtu impastiraates. Methods for the AMI analysis

are discussed iBection3.3.3.1and methods for the metering analysis are discusse8dntion3.3.3.2
Results are provided ifection3.3.4 and TRM recommendations are providedSaction3.4.

3.3.3.1 AMI Analysis

At a high level, we used a regression analysis to understand the relationship between household electric
consumption, outdoor air temperature, and period (prestallation or postinstallation). Separate

regression models were created for each premise, dnah we cast the modeled relationship over a

normal weather year. We used the weatheormalized results to produce estimates of annual energy
impacts, winter and summer peak demand impacts, winter and summer coincidence factors, and

energy period factorsRelative precision for each impact factor is estimated at the 80% confidence

level. The following sections provide additional details.

3.3.3.1.1 PREPARING THE INTERVAL DATA FOR ANALYSIS

In preparing the interval data for analysis, our goal is to isolate accounts where we expect that there is
sufficient data for a pre/post comparison, there are no confounding load modifiers, and there are no
data quality issues. Key steps in preparing tfaa include:

1 Checking for zeroes, missing observations, and duplicates in hourly interval data. Days with
missing observations or zero daily kWh are removed from the analysis.

{1 Create visualizations of average daily loads and the relationship between consumption and
temperature to identify potential issues (like the summariesiction3.3.2.3.
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1 Review the distribution of accourievel annual consumption (prenrollment and post
enroliment) and flag potential outliers.

1 Review consumption patterns for homes that generate their own electricity (via solar panels)

1 Merge in technology adoption dates; remove accounts with insufficient data for the analysis or
with confounding technology installationguch as heat pumps, solar PV, or an.EV)

Table31shows the number of accounts we removed from our analysis while reviewing and preparing

the analysis dataseOur final analysis dataset hadblhomes with an electric baselinéshomes with a

non-electric baseline, and 26 homes that installed the HPWH as a secondary unit. A significant number

of the homes in our AMI sample also installed heat pumps, solar panels, or purchased an EV during the
analysis period. For these homes, a/fp@st AMI analysis will confound the HPWH impact with the

EIi PAAO 1T £ OEA EAAO bpOIi bj 6qQh %w6j 6Oqh T O Oi1 A0 PAT AT
I1TAA 11T AEEUET ¢ OAAET T 1T CcUuoe ~£EI OAOh xEEAEf £ ACO EIT |
installing the HPWH, (2) installed solar panels before or within a year of installing the HPWH, or (3)

purchased an EV within a year of installing the HPWH.

Flagging the homes with confounding load modifiers relied on a mix ofre@ibrting (from the

participant survey), crosshecking againsEfficiency Mainéneat pump and EV rebate data, and a
reviewof daily and hourly load patterns for homes that were annual impact outliers. Homeswith
electricwater heating baselines were more likely to have confounding load modifier issues (notably,
heat pump installations) than homes that were already using electricity for water heating, as many of
these homeswith anon-electricwater heating baselinelectrify their space heating and water heating

in tandem.

Table31 Number of Accounts Removed from Analysis

Number of Accounts Remaining

Filter Electric  Non-Electric Additional
Baseline Baseline Unit el
Total accounts with AMI 899
New construction or unknown baseline 381 356 97 834
Insufficient pre or postenrollment data ( < 1 year) 341 318 86 745
Confounding loaemodifying technology 163 89 34 286
Several days of zero load ( > 5%) 160 88 32 280
High pre or post annual consumption ( > 40,000 k\ 160 88 32 280
Low pre or post annual consumption ( < 3,000 kW 151 75 26 252
Total accounts after filtering 151 75 26 252

Though we removed the homes with confounding load modifying technology from reporting
summaries, we did calculate annual impacts for théfigure26 shows the distribution of annual

impacts for all homes with at least eight months of peexd postHPWH data. The left panel of the
figure represents homes with electric water heating baselines, and the right panel represents homes
with non-electric waterheating baselines. Within each panel, the blue bars represent accounts that
were not filtered out (n = 151 for electric baseline and n = 75 feelsmtric baseling)and the
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transparent/white bars represent all accounts (inclusive of the accounts that were not filtered out). The
central tendency of the blue and transparent bars is similar across baseline fuels. Homes that installed

heat pumps or purchased EVs predominantlyi fal E 1
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Figure26: Comparison of Results With and Without Load Modifier Filter
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3.3.3.1.2 SELECTING A MATCHED COMPARISON GROUP

10,000 15,000

The goal in using a matched comparison group ikétp control for exogenous factors that could affect
energy consumption, like variation in supply rates and rettoroffice mandates. To develop the
matched comparison grougkfficiency MaingrovidedDemand Side AnalyticDSA) with
approximately3.5years of interval data for a control pool dd,@00 accountsMost of the control pool
homes had not received a HPWH, heat pump, or EV rebate Efiitiency Maing70%), but we also
selected some homes that had received a heat pump rebate fdinciency Maindor the control pool
(30%)since many of the HPWH rebate recipients installed heat pumps a year or more prior to installing

the HPWH

After preparing the interval data for analysigur goal was to match ea¢tPWH rebate recipienwith

one control pool account based on variables like:

== = =/ =4 -

Weathernormalized annual consumption (pi#iePWH or consumption bins

Weather sensitivity of load or sensitivity bins

Overnight demand (to identify homes with EVs)

Average demand during ISE summer and winter peak periods

Geographic location

Using different combinations of the variables noted above, we made 30 different matched comparison
groups. To determine which combination of variables can produce the best matched comparison group,
we assessed the performance of each of the 30 matchingetsodlsing a false experiment. In essence,
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we ranadifferencein-differences model over a period whéime HPWHSs had not yet been installed

This allows us to assess the accuracy of the matching models and identify the one that is most accurate

and unbiasedFigure27illustrates this approach for three hypothetical matching models. The right

DAT Al OEI xO OEA OAAOO6 I AOAE E1T OEEO EI 1 OOOOAOGEOA
Figure27. Hypothetical False Experiment Results
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3.3.3.1.3 REGRESSION MODELING

Producing an estimate of the weatharormalizedHPWHimpactvia a pre/post AMI analysentails two

steps. First, wenodel the relationship between prastallation load and weather and cast this

OAl AGET 1 OEEDP 1T OAO A O11 01 Al 6 xAAOE Astallatidn/péisd. 7A OEAT
The weathernormalized impact is the difference between weatheormalized consumption in the pre

and post periodsAdditional details are belopand Figure28 summarizes the process.
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Figure28: Developing WeatheNormalized Impacts
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7) Calculate impacts by

1) Clean baseline data 4) Clean posperiod data subtracting (6) from (3)

2) Develop a regression model 5) Develop a regression model
for the baseline period using for the post period using actual
actual weather weather

3) Use the baseline model to 6) Use the post model to predict
predict baseline consumption post consumption under normal
under normal conditions conditions

The general form of the regression model, as well as the set of independent variables used, follow
LBNL's Timeof-Week Temperature (TOWT) Model. The dependent variable is hourly electric
consumption from the utility revenue meter. Because the relationdtgpveen outdoor air

temperature and electric demand may differ depending on the temperature level, we estimated the
relationship for several separate temperature bins (effectiypigcewise regression). For the tinuf-

week variable, we used 168 categorical indicator variablese for each hour of the weekthat

capture idiosyncratic patterns in occupancy and electric consumption. As noted, we developed separate
models for eaclparticipant. We also developed separate models for elacime in the matched

comparison group. Comparison group homes inherit thes@ivice date from the participant they were
matched to. Additional modeling methods are detailedTiable32.



Table32 Additional Details on Modeling Approach
Component Modeling Approach |

The exact irservice date for each HPWH is not known. The purchase date
known for most records in the tracking data, but not all. For HPWHSs that
were rebated through the distributor pathway, the-service date is likely
very close to the purchase dat€or others, the irservice date and purchase
date may show greater variation.

Approach: To account for unknown kservice dates, we applied a blackout
period (i.e., removed data) as follows:

Blackout period 1 Records with a purchase date: We removed the two weeks
immediately following the purchase date for HPWHs that went
through the distributor pathway. For the others, we removed three
weeks immediately following the purchase date.

1 Records without a purchase date: We removed two weeks on bott
sides of the enrollment date for HPWHSs that went through the
distributor pathway. For the others, we removed three weeks on b
sides of the enrollment date.

Since the HPWHSs were not all installed at the same time, each premise h
different number of preinstallation and postinstallation days.

Approach: To balance the dataset, we kept one year ofjomstallation data
and one year of posinstallation data. When trimming the data, we

accounted for the blackout period (i.e., the blackout period is not part of tf
pre or post year).

Analysis timeframe

The matched comparison group was included in the analysis to help acco
for exogenous factors that could affect energy consumption

Netting out Approach: A differencein-difference approach was used:
changes in N . .
comparison group 0(Xn v éd 0 iQ
consumption 00X b ed 50
04 N O ADAN 0 "XD

3.3.3.1.4 BASELINE ADJUSTMENTS

Customer baselines were a primary concern for this analysis. There are two factors to consider when
determining the correct baseline for each participant: decision type (retrofit or lost opportunity) and
baseline fuel (electric or neelectric). Using respnses from the participant survey, we placed each
premise into one of the four bins at the bottom Bigure29. Theweights showrin the figure were

derived from the survegnalysis (se&ection3.2).
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Figure29: Baseline Bins
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In the pre/post AMI analysis, baseline consumption reflects whatever water heater was in place prior to
installing the programsupported HPWH. For lost opportunity measures, the baseline is a code
minimum or standard efficiency water heater rather than wheas in place prior to the HPWHor

homes that had norelectric water heatingthe pre/post analysis does not captuitee reduction in

fossil fuel consumption from the replaced water heatEor three of the four baseline binskigure29,

we supplemented the pre/post AMI analysis with engineering adjustmaat®llows

A Electric baseline, bst opportunity measure A pre/post AMI analysis does not capture the
correct baseline since the existing electric water heater would presumably be less efficient than
a codeminimum new electric resistance water heat&We used the following equation to
adjust the savings estimates from the AMI analysis. In this equationkNeFepresents the
5%& 1 £ OEA DA OO&AepRintsQiie OEF oDatcgabinintusbélectric
resistance water heater of the same size and draw pattern as the HPWH, ard<JEF
represents the UEF of a cogrinimum electric resistance water heater using the federal
standard prior to 2015.
5 0706 158D b 0 80D TE b 0t P YOO
o} 0 iow L0 Qe QW WwL o ~0

A Electric baseline retrofit measure A pre/post AMI analysis captures the correct baseline. No
adjustment is needed.

A Non-electric baseline, bst opportunity or retrofit . A pre/post AMI analysis shows the added
I1TAA OAI AOCAA O1 OEA Al AAOOEEEAAOQEIT 1T &£ OEA
electrification impact. However, the AMI analysis does not capture the reduction in fossil fuel
consumption from the replac# water heaterWe used the estimated energy required to
provide annual hot water demand (from the metering results) and assumed baseline thermal
efficiencies (from federal code) to estimate MMBtu savings.

"Federal codes and standards can be found hetigs://www.ecfr.gov/current/titie 10/chapterll/subchapter
D/part-430/subpartC
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3.3.3.1.5 WEIGHTING

From the participant survey, we know most of the programpported HPWHSs replaced another DHW

system, but some were installed in a new construction setting and some were installed in addition to an
existing DHW system. However, new construction homes vexauded from the pre/post AMI analysis

since these homes have insufficientpfe0 7 ( AAOA8 311 A OAAAEOEI T Al O1 EOSHG
the analysis, but a pre/post analysis can only measure addedzloatienergy savings against a code

minimum baselinez for these homes. Since the distribution of installation type for homes in the AMI

analysis did not match the distribution for homes in the survey, we used analysis weights to align our

AMI analysis results with the split of replacements, additional yratsl new construction installations

observed in the participant survey. By baseline fdelble33shows our weighting approach for the

annual energy (kWh) and peak demand (kW) impact estimates.

Table33 Weighting Approach for kWh and kW Impact Estimates

Bf’jglne Component Weight?! Source
(1) Replacemery Retrofit 13%  AMI analysis
. AMI analysis with baseline
0
(2) Replacemeng Lost Opportunity 67% adjustment
Electric Weighted average of components
(3) New Construction 8% (1) and (2) but with a baseline
adjustment also applied to (1)
(4) Additional Unit 12%  Same as (3) above
(1) Replacemery Retrofit 40%  AMI analysis
(2) Replacemenz Lost Opportunity 49%  AMI analysis
Non-
Electric  (3) New Construction 3% Weighted average of components
(1) and (2)
(4) Additional Unit 8% AMI analysis
1Weights are derived from the participant survey.

3.3.3.2 Metering Analysis

For a sample of 20 prograsupported HPWH, we metered water flow, water temperature (supply and
return), and electric use over arfionth period spanning February 2025 to October 202& provide
additional details regarding the metering set up$rction6.2.1 We used the metering results to
estimateannual electric consumption, annual heat delivered, annual gallons of water, and the
coefficient of performance (COP) for each metered unit. Annual heat delivered is a key metric for the
HPWH measure characterization in the Efficiency Maine TRM.

3.3.3.2.1 MEASURING HEAT DELIVERED

For flows of hot (and cold) fluid where the temperature of the flow is changed, this equation cakulate
the change in energy in the fluid flow

YO 20 0°Y Y
Where:
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YO s the energy removed or provided

is the mass flowrate as determined by the volumetric flowrate and density of the fluid
w is the specific heat of the working fluid
Ts is the supply temperature

T, s the return temperature

This equation simplifies based on heating water, a wagef 1 Btu/lb./°F, and a density of 8.34 Ib./gal:
YO Al FPumndwz 'Y Y
Where:
YO s the energy removed or provided in Btu/hr
& 1 Tisthe volumetric flowrate in gallons per minute (gpm)
500.4is the unit conversion of Ib./hr per gp(8@.34 * 60 minutes)
Ts s the supply temperature
Tr s the return temperature
For each HPWH in the metering sample, we metered the three necessary components of the formula

above (flow, E, and R), which enables the calculation ®E. The heat added for a period is the heat
rate in Bu/hr times the period in hours.

3.3.3.2.2 ANNUALIZING

For each HPWH in the sample, we used regression modeling to develop wewaihaalized estimates
of annual electric use, annual gallons of water used, and annual heat delivered. The modeling
framework was similar to the TOWT framework used for the AMI gsial(seesection3.3.3.1.8 The
independent variables in the models were outdoor air temperature (specifically the average daily
temperature) and time of week indicator variables (168 categorical indicator varigldee for each
hour of the weelk that capture idiosyncratic pa#rns in occupancy and HPWH load). We developed
separate models for each metered premise.

After developing the regression models, we used the models to estimate annual electric use, gallons,
and heat delivered during a typical weather year. TMYx data was used for the typical weather year
profile (seeSection3.3.2.5.

3.3.3.2.3 COEFFICIENT OF PERFORMANCE

CORP is calculated as the ratio of heat gain (in Btu) to total electricity consumption (converted to Btu).
Using weathemormalized annual results from the regression analysis, we calculated the COP for each
metered HPWH as follows:

..o UET O 0aORAEDELDO VE €TIQ @D QO 0
600 -
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3.3.4 RESULTS

Results for the AMI analysis are presentedattion3.3.4.1 results from the metering study are
presented inSection3.3.4.2 MMBtu impacts are presented iBection3.3.4.3 and a comparison

between AMI results and metering results is include&attion3.3.4.4 We combine the results across
the AMI and metering studies with TRM algorithms to develop a full set of updated impact factors and
per-unit impact estimatesWe present the full suite of TRM recommendation$iction3.5 Evaluated
per-unit savingsvaluesare shown infable34below. These petunit values blend impacts across homes
where the HPWH is an efficiency measure (53.6% of homes) and homes where the HPWH is an
electrification measure (46.4% of homes)

Table34: Evaluated PelJnit Savings
Relative Precision

Metric Evaluated Value at 80% Confidence
Annual Energy (kWh) 297 10.8%
Summer Peak Demand (kW) 0.045 32.1%
Winter Peak Demand (kW) 0.084 16.3%
Natural Gas (MMBtu) 0.25 15.3%
Propane (MMBtu) 0.61 15.3%
Oil (MMBtu) 355 15.3%
Kerosene (MMBtu) 0.02 15.3%

3.3.4.1 AMI-Based Results

Table35shows impact estimates by baseline fuhpacts for homes with an electric baseline are
positive, as the HPWH is expected to produce energy savings related to an electric resistance water
heater. Likewise, impacts for a neglectric baseline are negative since the HPWH represents added
electric load. Estimates for reduced fossil fuel consumption for+etectric baseline homes are covered
in Section3.3.4.3

Table35 Annual Energy and Peak Demand Impact Estimates
Relative Precision

Baseline Fuel Impact Factor Evaluated Value at 80% Confidence
AkWh 1,298 8.4%
Electric AkWsp 0.118 18.6%
AkWup 0.269 11.4%
AkWh -862 13.6%
Non-Electric AkWsp -0.040 47.8%
AkWup -0.130 22.6%
AkWh 297 10.8%
Blended AkWsp 0.045 32.1%
AkWup 0.04 16.3%
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3.3.4.1.1 ANNUAL ENERGY IMPACTS

Table36shows the average impact estimate by baseline fuel and replacement type. For homes with an
electric baseline, annual efficiency savings were 1,298 kWh on average. For homes witielaatdn

baseline, the added electric energy use was 862 kWh on avetdgjag baseline fuel weights from the
participant survey, the weighted average impact is 297 k&&ingsper year.

Table36: Annual kWh Impacts by Baseline Fuel

Baseline Fuel Impact Estimate  Relative Pre_cision Share of E_Slended
(kWhlyr) at 80% Confidence Baseline
Electric 1,298 8.4% 53.6%
Non-Electric -862 13.6% 46.3%%
Blended Baseline 297 10.8%

Figure30shows the distribution of weathenormalized annual impacts by baseline fuel. The central
tendency of these figures is the focus. Impacts for individual homes are,isyhe result is reliable
on aggregate. That said, the tails of the distributions were reviewed for possible heat pump or

occupancy interference. Homes with such issues were removed from the analysis (and are not included
in the figure).

Figure30: Distribution ofAnnual kWh Impacts by Baseline Fuel
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3.3.4.1.2 PEAK DEMAND IMPACTS

Table37shows summer and winter peak demand impacts by baseline fuel. Our summer and winter
DAAE AAEET EOQOEIT O Al ECI xEOE OEA bDbAHofeshih@tEl A AAZEET
electric baseline reduced their water heating load by an estimated 0.118 kW during the summer peak
window and 0.269 kW during the winter peak windolihe difference between these two values is
largely attributable to the difference in peak period definitions. The winter peak housKFM) are

more coincident with hot water usage than the summer peak hows PM).Homes with a norelectric
baseline added an estimated 0.040 kW during the summer peak window and 0.130 kW during the
winter peak windowThe difference betweerthese values is attributable to (1) peak period definitions
and (2) HPWHs using more energy in the winter than in the summer. Onddjeleve this is because
ambient room temperatures and inlet water temperatures are lower during the cooler months,

meaning more energy is required to heat the water

Table37. Peak Demand Impacts by Baseline Fuel

Peak Demand Relative Precision Share of Blended

Season 2zallictals Impact (kW) at 80% Confidence Baseline
Electric 0.118 18.6% 53.6%
Summer Non-Electric -0.040 47.8% 46.4%
Blended Baseline 0.045 32.1%
Electric 0.269 11.4% 53.6%
Winter Non-Electric -0.130 22.0% 46.4%
Blended Baseline 0.084 16.3%

By baseline fueligure31shows load shapes during the summer and winter peak periods. The top row
shows the savings load shape for premises with electric baselines, and the bottom row shows the added
kW load shape for homes with neglectric baselines. The first column isolaté&tsummer peak period

(with the peak hours highlighted in orange), and the second column isolates the winter peak period

(with the peak hours highlighted in purple).

8The peak definitions in the TRM align with the IS{& summer and winter peak definitions. Summ#100 to
5:00 PM on notholiday weekdays in June, July and Augifinter: 500 to 7:00 PM on norholiday weekdays in
December and January.
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Figure31 Peak Period Load Shapes by Baseline Fuel and Season
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The summer peak period includes non-holiday weekdays in June-August. The winter peak period includes non-holiday weekdays in December-January.

By month,Figure32andFigure33showweathernormalizedload shapes for average ptéPWH
household consumption (blue line), average pd#?WH household consumption (gray line), and the
HPWH load impact (orange baBigure32isolates homes with an electric baseline, efdure33

isolates homes with noflectric baselines. Load shapes are fairly consistent across months, showing
both morning and evening peaks of similar magnitudes. This is true for both homes with savings
(electric baseline) and added electric load (relactric aseline).

Figure32 Normalized Load Shapes by Month, Electric Baseline
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Figure33 Normalized Load Shapes by Month, Né&tectric Baseline
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3.3.4.1.3 ENERGY PERIOD FACTORS

Table38shows energy period facto&PFspy baseline fuel and for the blended baseline scenario. In
the blended baseline scenario, most of the impact occurs during the winter peak period. We aligned our
AT AOcU PAOET A AAEET EOEI T O xEOQOE OEI OA ET %AEZAZEAEAT A
1 Summer off peak energy period11:00 PM to 7:00 AM on ndwliday weekdays and all hours
on weekends and holidays during June through September (4 months)
1 Summeron peak energy period:7:00 AM to 11:00 PM on ndwliday weekdays during June
through September (4 months)
1 Winter off peak energy period:11:00 PM to 7:00 AM on né¢mwliday weekdays and all hours on
weekends and holidays during October through May (8 months)
1 Winter on peak energy period:7:00 AM to 11:00 PM on ndwliday weekdays during October
through May (8 months)

Table38 Energy Period Factors

. Electric Non-Electric Blended
Period : : :
Baseline Baseline Baseline
Summer off peak 12.4% 11.6% 12.0%
Summeron peak 19.7% 12.9% 16.6%
Winter off peak 28.7% 38.7% 33.4%
Winter on peak 39.2% 36.8% 38.1%

9 See the Retail/Residential TRM linkrdtps://www.efficiencymaine.com/about/library/policies/
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3.3.4.1.4 SUBGROUP ANALYSIS

We used selfeported results from the participant survey to segment the AMI savings estimates.

Specific grouping variables include household living area, household occupancy, whether the HPWH is

in a heated or unheated spacself-reportedincome group, HPWH operational mode (heat pump only

or not), and program pathway (distributor instant, retail instant, or retail mi)l*° Figure34shows

annual impacts across subcategories for homes with an electric baseling;iance35shows annual

impacts across subcategories for homes with a ssbectric baselineSubcategories witifewer than15

homes areexcluded fromthe figureh AO AOA O) AT 180 ET T xo6.Redall O0OA Z£A
that homes with electric and neelectric baselines have directionally opposite impacts since the HPWH

is an efficiency measure for homes with electric baselines and an electrification measure for homes with
non-electric baselines.

Noting that differences across subgroups of interest were not found to be statistically significant, key
directional findings from the subgroup analysis include:

1 On average, electrification loads were:

o Higher for HPWHSs located in unheated spaces compared to HPWHSs located in heated
spaces We did nodirectly measure the interactive effects with the heating systems in
the case of heated spacgbut the AMI analysis did capture interactive effects for the
electric cooling/heating systems but not fossil fuel heating systems

o Higher for homes with more occupants

o Higher for highincome households

1 On average, efficiency savings were:

o Higher in lowincome households

o0 Higher in homes that reported operating their HPWH in hybrid mode. While this finding
seems counterintuitive, the selected mode is correlated with hot water usage.
Participants who run their HPWH in hybrid mode tend to use more hot water, which
means theyalso used more hot water with their previous electric resistance unit. While
the percentage savings might be smaller than homes that operate in heat pump only
mode, the absolute kWh savings are larger in homes that use more domestic hot water.

Using model numbers from the program tracking data, we were able to identify the storage volume
(gallons) and UEF of each rebated HPWH. We examined the relationship between these two variables
and the annual HPWH impacts. Findings from this comparison are:

i There were no directional findings from this comparison, largely due to the lack of variation in
storage volume.

01ncome group is based on seported household income. Respondents were provided three income bins
based on their household size and were asked to select the bin that their adjusted gross household income falls in.
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9 Larger UEFs generally produced greater savings for homes with electric baselines and smaller
electrification loads for homes with neelectric baselines. The differences were not statistically
significant.

Figure34: Annual Impacts by Subgroup, Electric Baseline
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Figure35 Annual Impacts by Subgroup, Ndglectric Baseline
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3.3.4.1.5 MATCHED COMPARISON GROUP

Our bestmatching modelhad sixmatching dimensionscold weather sensitivityweathernormalized
annualconsumption 98th percentile of overnight load, average daily base load, average kW during
ISO-NE summer peakandaverage kW during ISQIE winter peakFigure36visualizes average daily
consumption in the participant and matched comparison groups over a period with enougHPRYgH
observations(Homes in the mtched comparison group inherit the pigost transition date from the
participant they are matched toAverage daily consumption for thvo groupsshows strong
alignment.



Figure36: AverageDaily Consumption Time Series, PEnrollment
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Figure37andFigure38provide additional comparisons betwegrarticipantsand the matched
comparison groupFigure37shows the distribution of weathenormalized annual consumption fohe
rebate recipient{preHPWH and for homes in the matched comparison gro&mure38compares
average demand during the ISRE summer and winter peak periods for tharticipantsand matched
comparison accountd.ike withFigure36, these figures suggest there ssrong alignment between the
participantgroup and the matched comparison group.

Figure37. Distribution of WeatheiNormalized Annual Consumption, Pi¢PWH
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Figure38 Distribution of Average Demand during the IS Peak Periods
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The ISO-NE summer and winter peak definitions are used.

3.3.4.2 Metering-Based Results

Results from the metering analysgsincluding summary statistics and weathaormalized annual
metrics are provided in subsequent sections. We also include a discussion on factors that affect COP in

Section3.3.4.2.3and a comparison of COP and UEBéttion3.3.4.2.4

3.3.4.2.1 USAGE SUMMARIES

Summary statistics from the metering analysis are showiidinle39. These statistics reflect usage
during the 9month metering period and are not weatherormalized. The relationship between daily
kWh and daily gallons of water was as expectepteater volume generally leads to greater electricity
use.Figure39visualizes this relationship for each premise in the metering sample.

Table39: Meter Data Summaries (n = 20)

Metric Average

Daily kwh 2.3
Daily Gallons 29.0

Daily Heat Delivered (Btu) 14,601
Daily Heat Delivered (kWh) 4.3
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Figure39: Relationship between Daily kWh and Daily Gallons
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For Site 14, daily gallons exceeded 150 on 19 days. These days are not included in the figure.

3.3.4.2.2 ANNUALIZED METRICS

Table40shows annualized metrics from the metering analyJike annualized gallons metric of 10,236
gallons per year is equivalentto 28 gallons perdafs A O! 11 OAT (AAO $AI EOAOAA
EAEAEAT AU - AETA6O0 (07( 42- AEAOAAC

Table40: Annualized Estimates from Metering Analysis (n = 20)
Relative Precision

Metric Evaluated Value (80% Confidence)
Annual kWh 855 14.7%
Summer Peak kW 0.056 19.2%
Winter Peak kW 0.143 30.6%
Annual Gallons 10,236 15.0%
Annual Heat Delivered (Btu) 5,233,489 15.3%
Annual Heat Delivered (kW) 1,534 15.3%

COP 1.79 6.9%
[al This metric represents the annual water heating load for a theoretical electric water heater with a COP
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Figure40showshow annual HPWH consumption is distributed across the 8,760 hours of a year.
Pockets of orange represent times when HPWH loads are higher, and pockets of blue represent times
when the HPWH is not heating water. The morning and evening peaks (around 10 AMPaMmt il

water use peaks by an hour. There is some seasonality to HPWH demand, with summer loads typically
being smaller than norsummer loads. This seasonality is likely a function of (1) cooler inlet water
temperatures outside of the summer and (2) gter standby losses when indoor temperatures are

lower.

Figure40: HPWH Demand Heat Map based on Metering Sample
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3.3.4.2.3 FACTORS AFFECTING COP

The COP is the ratio of the heat provided by the HPWH to the energy input required to provide the

heat. Larger COP values indicate greater efficiency. Wiy factorscan affect efficiency (inlet

water temperature, ambient temperature of the room where the water heater is located, etc.), there

AOA Ox1 EAU AOEOAOOg OEA (07(60 1 PAOAOGEITAI 11AA |
water the occupants typicallyse.

Regardingoperational mode, over half of the HPWHSs in the metering sample operated in a hybrid
mode that blends heat pump mode (most efficient) and electric resistance (less efficient). HPWHs that
only operate in heat pump mode will generally have higher COPs than HPWHSs that ejeifatbrid

mode, as the electric resistance (ER) heating will decrease the overall efficiency of the unit. The power
draw of a HPWH while in ER mode i¢@imes greater than the power draw in heat pump mode. By
premise,Figure4lsplits runtime (left panel) and electricity consumption (right panel) by operation
mode. Though the HPWHSs run predominantly in heat pump mode, the difference in power draw
between the two modes leads to a greater split in total kWh by mode.
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Figure4l: HPWH Runtime and kWh by Operational Mode
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Regardinghot water usage, HPWHs in homes with lower hot water loads have greater standby losses
relative to useful work performed than HPWHSs in homes with higher hot water loads. Standby losses
occur when the heated water in the tank cools down to a point where it must be hegj®id. These
losses reduce the overall efficiency of the HPWidgure42 compares daily hot water use (gallons) with
daily COP for each of the homes in the metering sample. Hot water loads vary across sites, but COP
generally increases (and eventually plateaus) as daily hot water use incréases43compares the
annualized COP for each metered HPWH with the annualized hot water load of the household. The
color of the dots indicates whether the HPWH runs primarily in heat pump mode (blue) or not (gray).
Not surprisingly, the HPWHSs with the lowest arailCOPs are the ones where (1) the HPWH spends
more time operating in electric resistance mode or (2) hot water usage is relatively low.
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Daily COP

Annual COP

Figure42:

Relationship between Daily COP and Daily Hot Water Use
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For Site 14, daily gallons exceeded 150 on 19 days. These days are not included in the figure.
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3.3.4.2.4 COP VS UEF

The average COP for HPWHs in the metering sample was 1.8, and the average UEF for HPWHs in the
metering sample was 3.6. While the prior section touches on key drivers of thebfisked COP value,
wewanted to understand whyhe COP and EUGffered. This section touches on differences between

the two metrics.

TheUEFRs a laboratorybased metric used to compare water heater efficiency under standardized test
conditions. Water heaters are assigned to one of four draw pattern (usage) bins (very small, low,
medium, or high) based on expected daily hot water demand, aké i$ determined through a

controlled test that measures firdhour delivery and operates the unit over a prescribeehddir draw
profile with fixed inlet water temperature, ambient air temperature, and draw timing. Measured energy
input and delivered hotvater are combined to calculate UEFable41details the test procedure.

COPisan efficiency measurealculated as the ratio of thermal energy delivered to electrical energy
consumed, using measured water flow, inlet and outlet temperatures, and metered electrical input.
Because COP is based on in situ measurements, it is sensitive to ambient conditiensater
temperature, hot water draw patterns, operating modes, setpoints, and included standby losses. As a
result, fieldmeasured COP values may not match rated UEF values and should be interpreted as
representative of actual site performance rathéran standardized efficiency.

Table41 Notes on UEF Testing
Testing Variable UEFDescription Field Notes

Tested under default
manufacturer control
settingsin hybrid mode,
however the resistance
element only turns on if
needed

Most of the HPWHSs in the metering sample ran ir
hybrid mode.More frequent resistancelement
engagement increases energy use and lowers C(

Operatingmode

Prescribed 24hr draw Actual draw volumes and timing vary by househo

Drawsize and . and are often more clusterediregular or clustered
profiles based

timing . draws increase resistance element engagement
on usagebins -
and reduce overall system efficiency
Cooler ambient air reduces available heat, requiri
Ambientroom Held between 65~and  longer compressor runtime and increasing energy
temperature 70°F consumption It is common for HPWH to be
installed in unheated basements in Maine
This can be much lower in the figteespecially in
Inlet water Held between 56Fand  Maine during the winterColder inlet water
temperature 60°F increases the required temperature lift, leading to

higher energy use

Varies with tank location, ambient conditions, anc
usage frequencyincreased standby losses reduce
useful thermal output per unit of energy consume
lowering measured COP

Incorporated implicitly
Standbylosses  through the standardized
24-hour test cycle
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3.3.4.3 MMBtu Impacts

By baseline fuel, fossil fuel impacts are showiamle428 4 EA O&OI 1 (07(6 AT1OI1T C
AT 1T OA1 Ei PAAO 1T &£# OEA (07( Ai 1 OAOOAA mEOI 1T E7E O -
OAPOAOGAT 6O &I OOCEI &£OAI OAOGET cO AOA o661 OEA Al AAOOE.
the sumof theprioOx 1 8 7AECEOO AOAx1T £EOI I OEA PAOOEAEDPAT O O

0OAOOEAEDAT 006 AT 10018 MiMMBIOAMAIGAR DAOOEAEDAT OO OA

Table42: Fuel Agnostic MMBtg All-in at Site
MMBtu Impact

Baseline Fuel From HPWH From DHW Fuel szr:iir[?a?]fts
Switching

Electric 4.43 0.00 4.43 53.6%
Natural gas -2.94 10.19 7.25 2.5%
Propane -2.94 10.19 7.25 6.0%

o]] -2.94 9.40 6.46 37.7%
Kerosene -2.94 9.40 6.46 0.2%

Weighted Average 1.01 4.43 5.44 100.0%

Table43shows expected MMBtu impacts for the average participant. These are calculated using the

fuel switching MMBtu and participant share fronable42. For example, a home with a natural gas

baseline will sav&0.19MMBtu of natural gas by electrifying water heatifgut only 2.5% of homes

have a natural gas baseline. The remaining 97.5% of homes do not see any natural gas saving®. The 0.2
MMBtu in the first row off able43is a weighted average df0.19(2.5%) and 0 (97.5%).

Table43 Blended Fossil Fuel Impacts

Baseline Fuel MMBtu Impact

Natural gas 0.25
Propane 0.61
oil 355
Kerosene 0.02

3.3.4.4 Comparison of AMHBased Results and MeterinBased Results

Table44 compares results from the AMI analygispecifically for homes withon-electricbaselinesg

with results from the metering analysis. Note that the results shown in the tal#enot based on the
same set of homesas we do not have sufficient data for a direct comparison of-BdHed results with
meter-based results for a common set of homésnstead, we compare the results for the 20 metered
homes with the results for all nealectric baseline homes in the AMI analysis. The comparison shows

10Of the twenty homes in the metering sample, eight had an electric baseline. Of the twelve homes with non
electric baseling, eight had a confounding load modifier issue (heat pump, solar panels, &Vagurchase) that
would muddy the analysiand three others did not have sufficient prer postHPWH data for a pre/post analysis.
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strong alignment in both the magnitude of load impacts and the distribution of load impacts
throughout the year.

Table44: Comparison of AMBased Results and Meterifgased Results

Variable AMI-_Based Metering-Based
Estimate Estimate
Annual kwh 862 855
Summer Peak kW 0.040 0.056
Winter Peak kW 0.130 0.143
Summer Off 11.6% 11.3%
Summer On 12.9% 15.8%
Winter Off 38.7% 33.3%
Winter On 36.8% 39.6%
Average selreported home occupancy for the AMtoup was 2.4. The average for the
metering sample was 2.2.

By month,Figure44 shows estimated hourly HPWH load shapes from both the AMI analysis and the
metering analysis. With the caveat that these results are not based on the same set of homes, the
results are encouragingthe timing and magnitude of the morning and afternoonailes are similar.

For this specific comparison, ANdased estimates seem to be slightly higher than meterlraped
estimates overnight and slightly lower in the afternoon.

Demand (kW)
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Figure44. Hourly HPWH Load Shapes by Month and Analysis Type
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Both sets of results are weather-normalized using a population-weighted TMYx profile.
Note these results are not based on the same set of homes.
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3.4 DISTRIBUTOR INTERVIEWS

To assesshe influence ofefficiency Mainaliscounts on sales of qualifi¢dPWHs, we conducted phone
interviews with five HPWH distributor&ample selection was based on volume of ECM circulator pump
installations. (The interviews also contained questions about circulator pumpsS8ei&on4.3for

details on the circulator pump interview findings.) The five distributors we interviewed accounted for
91% ofHPWHsgebated through the Instang Distributor pathway over our evaluation period

Ultimately, findings from the interviews are used qualitatively. The-teefgross estimate for the HPWH
measure (84.2%) is based on participant interviews (Seetion3.2). The findings from the interviews
directionally agree with the NTG modeling results: program discounts have generally increased the
stocking, sales, awareness, and adoption of HPWIH$Ile45summarizes the key findings.

Table45: Directional Findings from Distributor and Contractor Interviews

Topic Interview Findings

Program impact on | Overall directiont

HPWH stocking and | || five distributors indicated they have seen a significant increase in sale
sales HPWHSs since they began patrticipating in the program.

Overall directiont

Program impact on | pjstributors were asked to rate how influential ticentiveprogram has
HPWH awareness | peen in reaching the current level of awareness and adoption of HPWHs
and adoption among Maine contractors. On a scale from 0 (not influential) to 10 (extrer
influential), the average rating was 9.8.

Key findings from specific HPWH questions are shown below.

T (T x EAO UiI OO0 Aii PATUBO DPAOOEAEDPAOEIT EI wAAEAE

your stocking and sales of heat pump water heaters in recent years?
o All five distributors indicated that they have observed large growth in the sales of
HPWH since the start of their participation in the program.
1 Approximately what percentage of water heater sales in the past year do you think were heat
pump water heaters?
0 Average: 49%
0 Range: 30% to 75%
1 What type of trends are you seeing in the DHW space? How different do you think your answer
to the previous question might be in 5 years?

o / PETEITTO xAOA 1T EQGAA8 4x1 AT180 AgbAAO i OAE

expect legislation will increase HPWH sales. Two cited electric resistance as on the way
out, and one also suggested oil is on the way out. Three suggested tankless sales will
increase.
i1 Inthe last year, approximately what percentage of the time did you recommend program
qualifying HPWH models when discussing water heater options with buyers?
o Average: 80%



0 Range: 50% to 100%
0 Two interviewees did not answer this question.
1 What percentage of the time would you be recommending HPMfHEfficiency Maine
discounts were not available?
0 Average: 53%
0 Range: 10% to 100%
o Two interviewees did not answer this question.
I On ascale from 0 to 10, where 0 is not at all influential and 10 is extremely influential, how

ET £l OAT OEAI EAO wAZAEAEAT AU - AET A0 DPOI COAI
adoption of HPWH among Maine contractors?

0 Average: 9.8

0 Range:9to 10

1 Do you think heat pump water heaters will eventually become the market standard in Maine
even without program discounts?

0 The consensus was nout one stated that it could happen with federal legislation. All
five indicated that the discounts were extremely important for HPWHs to become the
market standard.

3.5 TRM RECOMMENDATIONS
4EEO OAAOQEIT AAOAEI O 10600 OAATI I AT AAA AEAT CAO Oi

Retail/Residential TRM. The current TRM configuration of the HPWH measure is shbigniie4s.
Savings algorithms key off th€®¥&>  metric, which represents the annual energy required to
provide the annual hot water load. Our recommendationsger-unit savings values and other impact
factors are irSection3.5.1, and our recommendations for algorithm updates areSiction3.5.2
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Figure45: Current HPWH Measure Configuration

DEEMED GROSS ENERGY SAVINGS (UNIT SAVINGS)
Demand Savings®® | AkWsp = 0.078

AkWyp =0.125
Annual Energy | Electric = 755 AkWh/y
Savings®® | Natural Gas = 0.22 MMBtu il = 4.34 MMBtu
Propane = 0.75 MMBtu Kerosene = 0.13 MMBtu
GROSS ENERGY SAVINGS ALGORITHMS (UNIT SAVINGS)

Demand Savings | Electric Baseline Non-electric Baseline?®
AkWsp = AKWh/y*LSFsp AkWss =-0.103
Akap = AkWh/y*Lstp AkWWP =-0.119

Annual Energy Savings | Electric Baseline

AkWh/y = kWh/yuw *(1/Effanse - 1/(UEFee X EAF) )
Non-electric Baseline

AkWh/y = kWh/yuw *(- 1/(UEFe X EAF) )

MMBtu = kWh/yuw *0.003412 [ Effpase

Definitions | Unit =1 heat pump water heater
kWh/yewL = Annual energy required to provide the annual hot water demand?'?
LSFsp = Summer peak load shape factor (kW/kWh/yr)
LSFwe = Winter peak load shape factor (kw/kWh/yr)
EFgase = Energy factor of electric resistance water heater
UEFee = uniform energy factor of heat pump water heater
EAF = efficiency adjustment factor
0.003412 = Conversion factor: 0.003412 MMBtu per kWh
Effanse = efficiency factor for non-electric water heater baseline

3.5.1 PERUNIT GROSSSAVINGS

Table46 shows our recommendegder-unit grosssavings values along with the comparable values in

the current Efficiency Maing@RM (v2026.3)Note that the evaluated values in this table do not match

our perunit evaluation results due to differences in UEF assumptions (the values here are based on a
morerecentUEF assumptiond ER T OOAA6 Al 1 O0i 1 ETAEAAOAO xEAOGEAO O
an output of the AMI analysis or metering analysis. The weighting underpinning most of these metrics

came from the participant survey.

Table46: PerUnit Gross Savings

Value
Metric C.Ilfg(:/lnt Proposed Source
Annual Energy Savings (kWh), Electric Baseline 1,995 1,367 AMI analysis
Annual Energy Savings (kWh), Né&itectric Baseline -850 -814 AMI analysis
Annual Energy Savings (kWh), Blended Baseline 755 356 AMI analysis
Summer Peak Demand (kW), Electric Baseline 0.217 0.124 AMI analysis
Summer Peak Demand (kW), Ndtlectric Baseline -0.103 -0.037 AMI analysis
Summer Peak Demand (kW), Blended Baseline 0.078 0.049 AMI analysis
Winter Peak Demand (kW), Electric Baseline 0.313 0.283 AMI analysis
Winter Peak Demand (kW), Nelectric Baseline -0.119 -0.122 AMI analysis
Winter Peak Demand (kW), Blended Baseline 0.125 0.095 AMI analysis
Annual Natural Gas Savings (MMBtu) 0.22 0.26 Metering analysis

67



Value

Metric C_Ilfg:lm Proposed Source
Annual Propane Savings (MMBtu) 0.75 0.62 Metering analysis
Annual Oil Savings (MMBtu) 4.34 357 Metering analysis
Annual Kerosene Savings (MMBtu) 0.13 0.02 Metering analysis

3.5.2 ALGORITHMS ANDEFINITIONS

Table47shows current TRMIgorithms (v2026.3) alongit

h our proposed algorithms. The proposed

changes are minor and often only affect notation. We introddioae new impact factor, EAdzse This is
an efficiency adjustment factor for the baseline water heater. The derivation of this value is discussed

later. We also added formulas for summer and winter p
baselines.

eak demand impacts in homes witblextnc

Table47: TRM Algorithms

Metric \ Formula \
Current: 3QdQ QETw 2 P = p'
Annual Energy, Y YQ 2000
Electric Baseline 5 & . 0 P
o OGTn 7 _
roposed: 3Q4Q Qui¥w o0 080 0 2080
M T p
- z e —
Annual En_ergy, Current: 3QuQ QW N 2080
Non-Electric
Baseline Proposed: 3060 QTG 7 roeb
P TR eI Y@ 0060
Summer Peak Current: 3@ 3QW@Z 0O "
Demand, Electric B B
Baseline Proposed: 3@ 3QWEQ 20
Summer Peak Current: ™ MO
Demand, Non B
Electric Baseline | Proposed: 3@ 30 20D
Winter Peak Current: 3@ 3 QA2 O "0
Demand, Electric . .
Baseline Proposed: 3@ 3QWQ z0 @
Winter Peak Current: 1™ p w
Demand, Non B B
Electric Baseline Proposed: 3@ 3QQ z0 O
Current: 006 00QWFw zmdimo TZ@G‘%
MMBtu
. z ZA—rc
Proposed: 0 0 6 6 6 Qu¥w Tmnort P 2080
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Table48shows definitions for the impact factors from the algorithmsTiable47.

Table48: Impact Factor Definitions

Factor Description

folio (%) Annual energy required to provide the annual hot water demand
b o Load shqpefactor for summer peak demand, electric baseline (kW/kWh/yr).
Replaces @
00 Load shapédactor for summer peak demand, neslectric baseline (kW/kWh/yr).
o o I:o%c)i shapdactor for winter peak demand, electric baseline (kW/kWh/yr). Repla
0
0@ Load shapdactor for winter peak demand, neelectric baseline (KW/kWh/yr).
‘0060 Efficiency adjustment factor for HPWH.
‘060 Efficiency adjustment factor for baseline water heater.
YOO Uniform energy factor of the HPWH.
YO Energy factor for the baseline water heater. Formerly deno@d®
0.003412  Conversion factor (MMBtu/kWh)

3.5.3 IMPACTFACTORS
Table49showstheEI DPAAO AAAOI 00 ET OEA AOOOAT O 42- AT A 100
column indicates whether the proposed value is primarily an output of the AMI analysis or metering

analysis. The baseline efficiencies @d0O are discussed in greater detail in the sections that
follow.

Table49: Impact Factors

ST, Value
Current TRM Proposed Source
QXD 2,821 1,534 Metering analysis

00 0.000109 0.000091 AMI analysis
0@ N/A 0.000046 AMI analysis
00 0.000157 0.000207 AMI analysis
0 N/A 0.000150 AMI analysis
‘060 0.88 0.50 Metering analysis
‘060 N/A 0.75 Metering + AMI
YOO SeeSection3.5.5

3.5.4 BASELINEEFFICIENCYADJUSTMENTFACTOR

We used outputs from the AMI and metering analyses, combined with the baseline efficiencies
discussed in the prior section, to estimate an efficiency adjustment factor for baseline water heaters.
The logic flows as follows:
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1 We estimate homes with electric baselines save 1,298 kWh annually. We estimate homes with
non-electric baselines increase their electric usage by 862 kWh annual§gdin savings).
This implies a baseline electric water heater uses 2,160 kWh annL288(+ 862 = 2,168).

i Our estimate for anual energy required to provide the annual hot water demaras$ 1,534
kWh/yaw. If a baseline electric water heater requires 2,160 kWh for this work, then the
efficiency is 0.71 (1,534 /2,160 = 0.71)

I The energy adjustment factor is a ratio of the actual efficiency to the expected baseline
efficiency. The actual efficiency is 0.71, and the expected baseline efficiency is 0.941. 0.941 is a
weighted average of the baseline efficienciesTmble53(using weights of 13% and 87% for
retrofit and lost opportunity, respectively).

Following the logic above, here is the formula we used to detern@@O

080 jolae ,_ P poot p _.
3Ry  p23QEQ oy Y plt W PP @ qTBOT p

3.5.5 BASELINEEFFICIENCIES

Estimates for annual natural gas, propane, oil, and kerosene savings rely on €hetiyy required to
provide annual hot water deman@ ¥ ) and (2) baseline water heating efficiencies for each of
these fuel types. The first component is an output of the metering study. The baseline efficiencies are
drawn from federal water heating codéable50shows current baseline efficiencies and our
recommended values. Notably, our proposed baseline efficiencies for the retrofit caseégirerthan

the efficiencies for the lost opportunity case. This counterintuitive result can be explained by weighting
(a more efficient type of water heater receives greater weight in the retrofit case) and is discussed in
more detail belowThe proposed factorgn Table50do not reflect the baseline adjustment factor of

0.75 discussed in the prior sectidie show adjusted baseline efficiencies later in this section.

Table50: Updated Baseline Efficiencies

THI+ v THl+ v Share of Blended
Baseline Fuel CurremI:?%etrofit Cu;c;srt]tOpportunity Curre:taavmgs
TRM Proposed TRM Proposed TRM Proposed
Electric 0.9299 1.078 1.007 0.920 56.4% 53.6%
Natural Gas 0.675 0.694 0.9 0.671 1.9% 2.5%
Propane 0.675 0.694 0.9 0.671 6.6% 6.0%
oll 0.756 0.758 0.756 0.725 34.1% 37.7%
Kerosene 0.756 0.758 0.756 0.725 1.0% 0.2%

24gA OAAOGAT ETA Al AAOOEA xAOAO EAAOAOS POAAT T ET AT O1 U OA,

some heat pump water heaters.
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As noted, the baseline efficiencies are based on federal codes. We used2@@0@4vater heater code

for retrofit installations and 2012029 water heater code for lost opportunity installatiohdVe also

used efficiencies for hot water boilers to develop weighted baseline efficiencies, as many rebate
OAAEDPEAT 0O DPOAOGEI 601 U EAA ET AEOAAO EI O xAOAO 0OUOGO.
domestic water'*

Federal efficiency standards as of January 2004 were based on product classes (storage, instantaneous,
or indirect) and were a function of the rated storage volume of the water he&igure46 shows the
2004-2014 code algorithms. When federal code was updated in 2015, the algorithms were expanded.
The updated algorithms were separated by product class, water heater draw pattern, and rated storage
bins.Figure47shows the current algorithms for gded storage water heaters. When developing the
baseline efficiencies for this evaluation, we assumed-g&ibn storage volume and a medium draw

pattern.

Figure46: Prior Water Heater Baseline Code (22014)

Product class Energy factor as of January 20, 2004
Gas-Fired Storage Water Heater EF = 0.67—(0.0019 x Rated Storage Volume in gallons)
Qil-Fired Storage Water Heater EF = 0.59—(0.0019 % Rated Storage Volume in gallons)
Electric Storage Water Heater EF = 0.97—(0.00132 x Rated Storage Volume in gallons)
Tabletop Water Heater EF = 0.93—(0.00132 x Rated Storage Volume in gallons)
Gas-Fired Instantaneous Water Heater | EF = 0.62—(0.0019 x Rated Storage Volume in gallons)
Instantaneous Electric Water Heater | EF = 0.93—(0.00132 x Rated Storage Volume in gallons)

Figure47. Current Water Heater Baseline Code for @esd Storage Water Heaters

Rated storage volume
Product class and input rating Draw pattern Uniform energy factor !
(if applicable)

Gas-fired Storage Water Heater =20 gal and <55 gal Very Small 0.3456 - (0.0020 x V)
Low 0.5982 - (0.0019 x V)

Medium 0.6483 - (0.0017 x V)

High 0.6920 - (0.0013 x V)

>55 gal and <100 gal Very Small 0.6470 - (0.0006 x V;)

Low 0.7689 - (0.0005 x V)

Medium 0.7897 - (0.0004 x V)

High 0.8072 - (0.0003 x V)

B Available athttps://www.federalreqgister.gov/documents/2010/04/16/207611/energyconservationprogrant
energy-conservationstandardsfor-residentiatwater-heatersdirect and https://www.ecfr.gov/current/title
10/chapterll/subchaptefD/part-430

Y For the indirect casaye conservatively assume 100% indirect and no tankless coils.
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Table51shows baseline efficiencies for natural gas and propane baselines, &nd52 shows baseline

AErFe AEAT AEAO A1 O TEI AT A EAOI OATA AAOGAT ET AG8 4EA
participant survey and sum to 100% within each decision type. Directionally, the results seem

counterintuitive, as the weighted average refibbaseline efficiency is higher than the weighted

average lost opportunity efficiency. The counterintuitive result can be explamethe difference in the

weights for the two decision types. Specifically, the weight for the indirect ctaghich is the most

efficient class is larger for the retrofit baseline case than it is for the lost opportunity baseline case.

The result is that the eighted average for the retrofit case is highewen if the efficiencies of the

storage and instantaneous classes are lower for retrdfits.

Table51 Baseline Efficiencies for Natural Gas and Propane Baselines
Weighted Average

Decision Efficiency

Typel Factor G Unadijusted Adjusted !
Gasfired storage 0.575 36%
Retrofit Gasfired instantaneous 0.620 14% 0.694 0.520
Indirect (off the gadired boiler) 0.800 50%
Gasfired storage 0.563 55%
Opplz)?tsljnity Gasfired instantaneous 0.810 14% 0.671 0.504
Indirect (off the gadired boiler) 0.800 31%
[l Retrofits represent 40% of installations for participants with relectric baselines and lost opportunity represents 60%
[l The adjusted value incorporates the baseline efficiency adjustment factor of 0.75.

Table52: Baseline Efficiencies for Oil and Kerosene Baselines

Decision Efficiency Weight Weighted Average
Typel Factor 9 Unadjusted Adjusted [®!
i Oil-fired storage 0.495 14%
Retrofit : — : 0.758 0.569
Indirect (off the ofiffired boiler) 0.800 86%
Oil-fired storage 0.528 28%
Lost : oTage : 0.725  0.544
Opportunity  Indirect (off the oilfired boiler) 0.800 72%
[ Retrofits represent 40% of installations for participants with relectric baselines and lost opportunity represents 60%
("l The adjusted value incorporates the baseline efficiency adjustment factor of 0.75.

Table53shows baselinefficiencies for electric baselines. The retrofit case includes three water heater
classeg electric storage, electric instantaneous, and HPWH. We included HPWHSs because a few survey
respondents indicated that their prograraupported HPWH replaced anoth&unctioning HPWH. The

lost opportunity case assumes code minimum (storage or instantaneous) and does not include HPWHSs.
The efficiency factors for storage and instantaneous are drawn from federal code. The efficiency factor
for HPWHSs requires some disairsn. The value in the table (2.37) is lower than the rated efficiency of

15For gasfired storage, the efficiency value we show for the retrofit case is actually higher than the efficiency
value for the lost opportunity case (which is based on more recent code). TheZl@code uses a single
baseline formula, while the 201%029 code has separate formulas based on water heater draw pattern and
storage volume bins. The formulas are showirigure46 and Figure4?.
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the HPWHSs in our evaluation (3.58) but higher than the fimded efficiency we determined through
the metering study (1.79). We calculated 2.37 by dividing the-iakkd efficiency, which does not
need an efficiency adjustment, by EAE:(0.75). Thus, when the efficiency adjustment is applied to
2.37, the result equals our estimated field efficiency value.

Table53 Baselineefficiencies for Electric Baseline

Decision Efficiency Weight W_eighted AV(_arage
Typeld Factor Unadjusted Adjusted ™
Electric storage 0.904 84%
Retrofit Electric instantaneous 0.930 4% 1.078 0.808
HPWH 2.30 12%
Lost . Ele.ct.rlc storage 0.9207 94% 0.920 0.690
Opportunity Electric instantaneous 0.910 6%

[l Retrofits represent 13% of installations for participants with electric baselines and lost opportunity represents 87%
("l The adjusted value incorporates the baseline efficiency adjustment factor of 0.75.

[d See the discussion prior to this table for context around this value. Based on the metering analysis, we estimate th¢
efficiency is 1.79.

3.5.6 DECISIONTYPE

Table54shows the distribution of decision type by baseline fuel. These estimates are drawn from the
participant survey (se8ection3.2.2.3.

Table54: Distribution of Decision Type by Baseline Fuel

. Decision Type
Baseline Fuel

% Retrofit % Lost Opportunity
Electric 13% 8%
Non-Electric 40% 60%
Overall 25% 75%

3.5.7 NET-TO-GROSS

Our estimated NTG ratios for each program pathway aréable18 We used the participant survey to

develop these estimates (sezection3.2q8 4 EA | AOOEAO E

OEA O/ OAOAI 1 6

e
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Table55 NTGR Results by Program Pathway
% of Freeridership

Pathway % of Rebates Respondents Rate NTGR
Mail-in z Retail 5.2% 11.7% 20.4% 79.6%
Instantz Retalil 37.5% 50.2% 7.9% 92.1%

Instantz Distributor 57.3% 38.1% 20.6% 79.4%

Overall 100% 100% 15.8% 84.2%




4 ECMCIRCULATOR PUMPS

Through theEfficiency MaineDistributor program, Efficiency Maingorovides rebates oelectronically
commutated motor (ECM) circulator pumps with brushless permanent magnet motors and variable
speed controls for the circulation of hot water that is usedhgdronicheatingand sometimes

domestic hot water Table56 summarizes program activity over our evaluation perié®2023. There

are noreported summer peak demandgssil fuel, water, or wood savings associated with this measure.
Because only 3% of ECM circulator pumps (ECMCPSs) rebated in FY2023 were installed in commercial
buildings, our evaluation focused on resideniiatallations.

Table56: ECM Circulator Pump FY2023 Rebkitetrics
Annual Energy  Winter Peak Demand

Customer Type

Savings (MWh) Savings (MW)
Residential 14,304 1441 0.52
Commercial 473 234 0.02
Total 14,777 1,675 0.54

Our evaluation of th&CM circulator pump (ECMCReasure included four key evaluation activiti@s:
price elasticity analysjgphone interviews wittECMCRlistributorsand contractors anda metering
study. The remainder of this chapter is organized as follows:

In Section4.1, we summarize key evaluation findings.

In Section4.2, we provide details on thprice elasticity analysis

In Section4.3, we provide details othe distributor and contractor interviews

In Section4.4, we provide details on theetering study

In Section4.5, we provide our comprehensive TRM recommendations forEaMCHneasure.

v v > > D

4.1 HIGH-LEVELEVALUATION FINDINGS

Table57summarizes some of our higlevel evaluation findings. We provide greater detail on these
findings in subsequent sections.

Table57 HighLevel ECMCP Evaluation Findings

We estimate an ECMURstalled in a residential applicaticsaves 47
kWh annually relative to a baseline circulation pumith ashaded pole
motor.

While most ECMCPs servesagoply or return pumps in a hydronic
heating system, a fewrogram-supported ECMCPs in our metering
Typical application sample supplied heat exchangersarbHW system or DHW in addition
to space heatingAs a result, we estimate nexero summer peak
demand savings.

Based on our price elasticity analysis, our estimated NTGR for ECM
circulator pumps is 79.5%.

Annual energy impact
of an ECMCP

Price elasticity / NTG
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Topic Findings

Four out of fivantervieweddistributors indicated stocking and sales of
ECM pumps have increased because of the incentb@% of the
interviewedcontractors indicated that théncentiveshave influenced
their stocking and sales of ECM pumps.

Distributors were asked to rate how influential tirecentiveprogram

has been in reaching the current level of awareness and adoption of
pumps among Maine contractors. On a scale from 0 (not influential) t
10 (extremely influential), the average rating was 8.2.

In the prospective gross scenario, we estimate the measure retutr34
of benefits per $1 of cost.

Program impact on
ECMCP stocking and
sales

Program impact on
ECMCP awareness anc
adoption

Cost effectiveness

4.2 PRICE ELASTICITY ANALYSIS

The goal of a price elasticity analysis isitulerstand the relationship betweethe quantity of a good
demandedandits price We can use the relationship to estimate sales quartitthe productat

varying levels of priceOf interest for this evaluation is the quantity of ECM circulator pumps thatld

have beensoB AA wAAEAEAT AU - AET A 5This @lkdiskaovidasthé O AAAT AOA
counterfactual, and aestimate of the counterfactual is key output of a price elasticity analysi§e

use the counterfactual to estimate program litor the net impact of the program as well as the

freeridership rate and the netb-gross ratio (NTGR)
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The analysis makes a simplifying assumption that the overall volume of circulator pumps sold in Maine
during theanalysisperiod was not impacted by theresence of theebates ad that theEfficiency

- A E TefhotsGimply increase the market share of efficient pumpégat the expense of inefficient

pumps)

Our modeling results indicate thatpproximately4 out of Scirculatorpump purchases would have been
the lower cost standard efficiency opti@bsent program discounts. We provide additional detaifs

the analysis in subsequent sections.

4.2.1 SUMMARY OF THEREBATEDATA

We used five years of historical rebate data to perform the price elasticity analysis, covering the period
between April 2019 and July 2024. By calendar y€able58 summarizes the number of rebates

provided and the average incentive level during this window. The increasing incentive levels are a
response to increasing retail prices and a couple of promotional periods in 2023tHdb{Eaperwork
stipend fees provided to the distributors are not included in the average incentives.
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Table58 Summary of Rebate Data

Year M Average Incentive
ECMCPs Level
20194 2,294 $51
2020 7,443 $76
2021 8,735 $81
2022 12,112 $86
2023 16,841 $102
2024 6,246 $88
@ denotes incomplete year of tracking data

Figure48 showsthe number of pumpsoldand theaverageincentive leveduring each month in the
five-year analysis windowTwo promotional periods are highlighted in purpRrogram volumeclearly
increasess incentives increasén addition to the incentive response, there is a seasonality to rebate
volume. More pumps are rebated in the winter than in the summer. Presumeibdylator pump
installations are lightewhen spaceheating loads are light. The price elasticityodelingaccounsfor

this seasonality.

Figure48: Average PetJnit Incentive and Volume by Month
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Figure49 mirrors Figure48 but replaces incentive level with the discounted priceogtam volume
increases in response to lower custorfacing prices over time In estimating the effect of incentive
levelson salesit is important to account for changes in retail price over time. Higher incentive levels
over the last five years generally coincide with higher retail prices.
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Figure49: Average Per Unit Discounted Price and Volume by Month
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4.2.2 PREPARATION OF THANALYSISDATASET

The key steps in preparation of the analysis dataset were

1 Interpolating retail prices for 2019 and 2020Retail prices for this period were not collected.
To interpolate missing valuesye modeled the relationship between retail price, time, and
manufacturer via regression. Wesedpredictedretail pricesfrom theresulting regression
model to replace missing retail prices.

1 Correctingoutlying retail prices observed in the raw dataFor each yeain the dataset we
flaggedretail price outliersFora small percentage of pumpated 44 watts, which is the rating
of 90% ofpumpsin our sample, retail prices were far above the average retail pfiedout
$200.We believe many of thesehigh retail priceswereerroneous.Overall, 3% of retail prices
were flagged as outlierdVe used predicted retail prices from the regression model discussed
above to replace outlier retail prices. The outliers themselves were withheld from the
regression model.

4.2.3 MODELINGMETHODS

We used a Poisson regression model to estimate price elasticity of demand coefficients. vetiatsd
guantity was modeled as a function of the natural logarithm of the discounted piricaddition, our

model controlled foretail prices rising over time due to inflatioseasonal effects on ECM circulator

pump purchasesthe dollar value of the paperwork stipend fee over time, and increasing ECM circulator
pump adoption over timeThe model was estimated at the yearonth-level over a period between

July 2019 and April 2024.

After developing the model, we used model outputsestimate ECMcirculator pumpsales volume aa
price point that reflecé no rebate (and no paperwork stipendhis is the relevant counterfactudr



our analysis, and estimates for the freeridership rate, program lift, and the program NTGR are all tied to
the estimated counterfactual.

4.2.4 RESULTS

Weestimateda price elasticitycoefficientof -1.6, whichindicates that a 10%ecreasén the customer
facingpriceof an ECM circulator pumpesults in a 16%tmcreasen monthly purchasedyjuantity. Figure
50shows the observed monthisebatesand the predicted monthly sales volume under
incentivedcounterfactual. The difference between the observed value andwincentive
counterfactual represents thprogram lift, or thenet impact of the program. As expected, the net
impact is higher during promotional periods with a higher incentive. Aggregating the net impact and
actualsalesacross months for calendar year 2023, we find thetoegross ratio is 79.5%:

6 &i Qi bRt a®E 6 ¢ 0 Qi DEADEDE  p Gy @ b
6ol QI WEdD & Q PP o x? TEX

Figure50: Observedvolume,Counterfactual Volumeand Program Lifby Month
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4.3 DISTRIBUTOR AND CONTRACTOR INTERVIEWS

Toassesshe influence ofefficiency Mainaliscounts on sales of qualifiairculator pumps we

conducted phone interviews with five distributors and fifteen contract@ample selection was based

on volume of ECMCRebates There were fourteen unique ECMCP distributors in FY2023, and five of
them accounted for 90% of FY2028bates We interviewed these five distributors. The battery of
guestions for the distributor interview was much longer than the battery for the contractor interviews,
and each interview lasted about 30 minutd@$e distribution ofECMCRontractorswas notastop-
heavyas the distribution of ECMCP distributorshere were approximately 330 uniqueECMCP
contractors in FY2023and he top fifteen contractors accouet for 18% of FY2023 installations.
Contractors generally did not respond to interview requests sent over email, so we performed a cold
call campaign and interviewed contractors who would agree to give us five minutes of their time. The
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order of the cold calls followed FY20&%atevolume. Our contractor interview sampéeccounted for
9% of FY2023ebates

Ultimately, findings from the interviews are used qualitatively. The-teeigross estimates for the
ECMCP (79.5%) measure is based on price elasticity modelin@¢sten4.2). The findings from the
interviews directionally agree with the NTG modeling results: program discounts have generally
increased the stocking, sales, awareness, and adoption of ECM@B®59 summarizes the key
findings, andrigure51shows the estimated share of circulator pump sales that are currently ECM and
the estimated share under a counterfactual scenario where the incentives are not available and the
incentive program never existed.

The distributor and contractor interviews did not uncover any reason to modify the curresgrivice
OAOA AOOOI POETT 1T & Xoom ET wEAEAEAT AU - AET A8O 42- .
Figure51 Estimated Share of Circulator Pump Sales that are ECM
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Under the counterfactual scenario, incentives for ECM circulator pumps are not available and never existed.

Table59: Directional Findings from Distributor and Contractor Interviews

Topic Interview Findings
Overall directiont

Four out of five distributors indicated stocking and sales of ECM pumps h
increased because of the incentives. Overall, distributors thought the sha
of circulator pump sales that are ECM would drop from an estimated curr
Program impact on | level of 78% to about 35% & counterfactual scenario where incentives

ECMCP stocking ang would not be available in the future and the incentive program never exisi

sales 60% of the contractors indicated that thacentiveshave influenced their

stocking and sales of ECM pumps. Contractor responses to the
counterfactual question above mirrored distributor respongesi% of
circulator pump installations in the past year were ECM, and they expect
percentage would drop td4% in the counterfactual scenario.




Topic Interview Findings

Overall directiont

Program impact on | pjstributors were asked to rate how influential ticentiveprogram has
ECMCP awareness | pheen in reaching the current level of awareness and adoption of ECM
and adoption circulator pumps among Maine contractors. On a scale from 0 (not
influential) to 10 (extremely influential), the average rating was 8.2.

4.3.1 DISTRIBUTORNTERVIEWS

The five distributor interviewees in our sample had an average of 20 years of experience (r&ge: 6
years), and job titles included inside sales, plumbing and hydronics sales, special projects manager,
general manager, and president. Overall, the intewees believe that the program discounts have
increased the sales of ECM circulator pumps in Maine and fueled a circulator pump market
transformation.

Keyfindings from specific questions are shown below.

T H  x EAO Ul 60 Al i PATUBO PAOOEAEDPAOEIT EIT w%AEAEAE,

your stocking and sales of hydronic circulator pumps in recent years?

o Four out of five indicated that the stocking and sales of ECM pumps has increased in
response to théncentives The fifth indicated no significant change in volume (and also
said stocking them has always been a necessity).

i1 Inthe last year, about what percentage of the time did you recommend proguamadifying
ECM models when discussing circulator pumps with buyers?
0 Average: 75%
0 Range: 60% to 90%
1 What percentage of the time would you be recommending ECM circulator pumps if Efficiency
Maine discounts were not available?
0 Average: 61%
0 Range: 40% to 90%

T (1T x EAOA AT 1 OOAAOI 008 OEAxOTI PETEITO 1T £ %#-

0 There was skepticism early pbut contractors are more confident in the pumps now
1 On a scale from 0 to 10, where 0 is not at all influential and 10 is extremely influential, how
ET £l OAT OEAI EAO %AEAEAEAT AU - AET A0 DOl COAI
adoption of ECM circulator pumps among Maine contractors?
0 Average: 8.2
0 Range:7t09
1 Do you think ECM circulator pumps will eventually become the market standard in Maine even
without program discounts?
o Four out of five said yes, and the other said that it would not happen without discounts
or legislation.
9 Do you see differences in purchase patterns in Maine compared to neighboring states? What
are the drivers for any differences relative to Maine?
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0 Three stated that they observe more ECM pump sales in Maine than other states, with
two specifically identifying New Hampshire as a state with lower sales for ECM pumps.
One distributor mentioned that New York, Rhode Island, and Massachusetts have
incentives but the price for the pumps is higher than Maine, leading to fewer sales than
Maine.
1 Approximately what percentage of the circulator pump sales [in the last year] do you think
were ECM?
o0 Average: 7%
0 Range: 500to 95%
i1 Imagine a hypothetical scenario in which Efficiency Maine never offered discounts on ECM
circulator pumps and the discounts were not going to be available in the next 12 months. Under
that hypothetical scenario, what share of your circulator pump salegaipanticipate would be
ECM in the next 12 months?
0 Average: 3%
0 Range: 50to 50%
1 Can you walk me through your thought process for the prior question?
o Three out of five indicated shares would decrease due to the cost. Another thought the
percentage would decrease but did not cite a specific reason. The other indicated the
share would not change now that the technology has been adopted.

4.3.2 CONTRACTOHRNTERVIEWS

DSA spoke with fifteen contractors and recorded their responses to four questions regarding their
stocking practices and the circulator pump markéable60 shows the four questions and a summary
of the responses. Key findings include:

A 60% of the contractors interviewed indicated that the discounts have influenced their selection
of circulator pumps.

A When scoping a project, 60% of the contractors interviewed typically propose just the ECM
model. Another 27% present both ECM and ABG&M options.

A Overall,contractorsthought the share of circulator pumipstallationsthat are ECM would
drop from 4% t044% in a counterfactual scenario whereentiveswould not be available in
the future and thancentiveprogram never existed.

Table60: Contractor ECM Program Questions
Question Interview Findings \

60% of respondents (9 of 15) indicated that they
would sell fewer ECM circulator pumps without the
discounts. Four others cited the ECM option as
superior and indicated that their share of circulator
pump installations that are ECM is not affected by
the discounts. The remaining two seemed unaware
of theincentives

Q1. How has the availability of Efficiency
-AET AG6O0 ET OOAT O AEO,
selection of hydronic circulator pumps in
recent years?
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Question Interview Findings ‘

Q2. Do you usually present homeowners  60% of respondents (9 of 15) indicated that they
with a norECM option when scoping a typically present the ECM option, 27% (4 of 15)
project? Or do you simply propose an indicated that they typically present both options,
efficient ECM model? and 13% (2 of 14) present the ABECM option.

Q3. Thinking about all of the circulator pum The average response was 74%, though three did
installations your company has done in directly answer the question. Six contractors were |
Maine in the last year, approximately what the 90-100% range, two said around 80%, two said
percentage of the installations were ECM? about 50%, and two indicated it was low.

Q4. Imagine a hypothetical scenario in whic The average response was 44%. More than half of
Efficiency Maine never offered discounts or the interviewees indicated that they expected the
ECM circulator pumps and no discounts we installations of ECMs would be below 50% if no
going to be available in the next 12 months. discounts were offered. Three contractors said they
Under that hypothetical scenario, what shar expected the percentage to be around 0%. Four

of your circulator pump installatins do you others expeced to still have morg¢han 75% of their
think would be ECM in the next 12 months? installations as ECMs because it is a superior prod

4.4 METERING ANALYSIS

To understand the energy impacts of ECMQ@Psesidential applicationswe metered a sample of 41
program-supported ECM circulator pumps in 22 Maine homes. The metering period varied by house but
generally ran from November 2024 through March 2025. The objective of the metering study was to
develop updated peunit savings asumptions for incorporation ithe Efficiency Maine TRMn

subsequent sections, weiimarize our data sourcesjodeling methods, andhe resultsfrom our

analysis Our TRM recommendation®r residential installationsire provided irSection4.5.

4.4.1 DATASOURCES

4.4.1.1 ProgramTracking Data

In total, Efficiency Maingrovided discounts for 14,777 ECM circulator pumps during fiscal year 2023
(FY2023)Table61shows the aggregate savings metrics for FY2023.

Table61 FY2023 Reported Savings

Metric Residential Commercial Total
Installed Measure Quantity 14,304 473 14,777
Energy Savings (MWh) 1,441 234 1,675
Winter Peak Demand Savings (MV 0.52 0.02 0.54

Installation addresses were not collected for approximately 75% of tracking data records, so these
records were removed from the sample frame. Additionally, we removed commercial enrollments from
our sample frame because fewer than 5% of pumps were iestél commercial buildings. Note the

82



claimed winter peak savings for all residential ECM circulator pumps is 0.0363 kW, but this value
higher for commercial pumps angiriesbased orpump size

Many participants installed multiple prograrsupported pumpsFigure52shows the distribution of the
number of programsupported pumps per home for installations where the address was collected. The
average number of pumps per home was slightly greater than two. The height of the bars is dictated by
households, not pumps.

Figure52: Number of ProgranrSupported Pumps per Household

5 0y
4 0

3 0

Percent

2 0

1 0

2 3 4 5+

Number of-SBppgramd Pumps per House

4.4.1.2 Metering Sample

The sample frame for our analysis was FY2023 participants whose addresses were collected. From this
group, we recruited 22 homes to participate in the metering study. In total, we metered 41 pregram
supported ECM circulator pumps (for an average of 1.88gaiper home). Meters were installed

during fall 2024. Some installations included a cellular gateway to provide remote access to the data
and others stored the data locally. Our technicians collected meters from the homes without remote
communications irMarch 2025. We also downloaded data from the meters in homes with remote
communications in March 2025, but left the devices in place to gather additional springFgtae53

shows the geographic distribution of participating homes. While in the field, our technicians also took
spot measuremerdon nonECM pumps to inform the Watgssemetric.



Figure53 Geographic Distribution of Metering Sample
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Table62 summarizes the pump models that were in our metering sample. The average rated wattage
across all pumps in our sample was 44.4 watts.

Table62: Pump Models

Pump Model Rated Watts Mg':)eur:]r:g l\l/zl’itrecrelrr]]?
Model 1 44 3 7 3%
Model 2 45 4 9.8%
Model 3 44 30 73 204
Model 4 44 3 7 3%
Model 5 58 1 > 4%

Total 44.4 41 100%

Most of the pumps we metered served as supply or return pumps in a hydronic heating system, but a
few of them served a domestic hot water (DHW) system or DHW in addition to space heating. We
confirmed that the pumps serving DHW were indeed ECM circulatongssupplying heat exchangers
not recirculator pumps?® Table63shows the distribution of pump applicatisfior the pumps in our
metering sample.

18The DHW circulating pumps supply hot water to the heat exchangers contained within the indirect hot water
storagetanksTEAU AT 180 AEOAAOI U pOIi D OEA $(78
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Table63: Pump Applications

Application Count Percent

Hydronic Space Heating 36 87.8%
Domestic Hot Water and Space Heatinc 2 4.9%
Domestic Hot Water 3 7.3%

Total 41 100.0%

4.4.1.3 Meter Data

We metered both flow (gallons per minute) and current (amps), but this analysis focuses on the current
readings.Thecurrentmeters logged amperage inrinute intervals. To convettbgged amperage into
power (watts) we took a series of true power measurements for several operating points to establish
the power factor.The average measured voltage was 121 and the average measured power factor was
0.554. The amp#$o-watts conversion formula is as follows:

WROODANINE 0 OZVAW WO DO £ i
We provide additional details regarding the metering set usattion6.2.2

Figure54shows average hourly load shapes during the 24/25 winter for each of the pumps in our

sample. The Y axis shows Percent On, which is equal to the average wattage for the hour divided by the

DOi P60 AOAOACA Pl xAO AOAx xEATguré drsistdadEnomgeaD ahdc A T O
a pump ID. For example, the three pumps in the top left (10.1, 10.2, and 10.3) are all in the same house

(DSA ID 10). For homes with multiple pumps, we generally see that one of the pumps shows

considerably more runtime thathe other(s). The three in the top left are a good exanmpfrimp 10.2

runs significantly more often than pump 10.1 or pump 10.3.
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Figure54: Winter Load Shapes
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