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GLOSSARY 

 

Term Definition 

AMI Advanced Metering Infrastructure (AMI) is an integrated system of smart utility 
meters, communication networks, and data management systems.  This evaluation 
uses the term AMI to refer to the source of hourly data received from electric utility 
meters.  

Btu and Btu/h  British Thermal Units and Btu per Hour. A British Thermal Unit is the energy needed 
to raise the temperature of 1 pound of water one degree Fahrenheit. 

COP Coefficient of Performance. This is the ratio of the amount of heat added or 
removed by a heat pump to the amount of energy used to move that heat.  For 
example if 9,000 Btu (2.6 kWh) of heat is removed from a home during the cooling 
season, and this uses 3,000 BTU (0.88 kWh) of electrical energy to accomplish, the 
COP of the heat pump is (9,000 / 3,000) or 3.0. 

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

Design 
Temperature 

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

effRT The Efficiency Maine Reporting and Tracking System (effRT) is a SQL-based database.  
Efficiency Maine uses the effRT database to manage and track energy efficiency 
projects. 

HSPF and 
HSPF2 

Heating Seasonal Performance Factor is a heating efficiency rating for heat pumps 
that has units of BTU/watt-hours.  

ὌὛὖὊ 
          

           ᶻ
  

A newer version of HSPF termed HSPF was released January 1, 2023.  HSPF2 changed 
a number of testing requirements meant to reflect actual field conditions more 
closely.   

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

kWh A kilowatt-hour (kWh) is a measurement of electricity consumption equivalent to 
one kilowatt of demand for one hour. 
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Term Definition 

MMBtu 1 million BTUs.  This convention derives from the Roman numeral M for 1,000, so: a 
thousand, thousand BTUs.  It is equivalent to the heat provided by about 9 gallons of 
oil used in an 80% efficient furnace or boiler. 

Min47 COP COP at the reported minimum heat output of a heat pump at an outdoor 
temperature of 47°F. 

Multi -zone 
heat pump 

A heat pump with more than one indoor unit working in tandem with a single outdoor 
unit. 

RRV Residential Registered Vendor. Contractors qualified by Efficiency Maine to install 
heat pumps rebated through Efficiency Maine programs. 

Relative 
precision 

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

Single zone 
heat pump 

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

TRM ¢ƘŜ ¢ŜŎƘƴƛŎŀƭ wŜŦŜǊŜƴŎŜ aŀƴǳŀƭ ό¢waύ ŘƻŎǳƳŜƴǘǎ 9ŦŦƛŎƛŜƴŎȅ aŀƛƴŜΩǎ ƳŜǘƘƻŘǎΣ 
formulas, assumptions, and sources that are used to estimate energy and demand 
impacts of energy-efficiency measures. 
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1 EXECUTIVE SUMMARY 

 

In September нлноΣ 9ŦŦƛŎƛŜƴŎȅ aŀƛƴŜ ōŜƎŀƴ ƛǘǎ ǊŜōŀǘŜ ǇǊƻƎǊŀƳ ŦƻǊ ά²ƘƻƭŜ-IƻƳŜ IŜŀǘ tǳƳǇǎέ ό²IItύΦ 

This program makes rebates available for heat pump systems that will ǎŜǊǾŜ ŀǎ ŀ ƘƻƳŜΩǎ ǇǊƛƳŀǊȅ ƘŜŀǘƛƴƎ 

system. It rebates one or more single-zone heat pumps (1 indoor-unit to 1 outdoor-unit) in which the 

capacity of the heat pump system meets or exceeds 80% of ǘƘŜ ƘƻƳŜΩǎ heat load at design temperature, 

and combined with supplemental heating sources, meets or exceeds 100% of heat load at design 

temperature. As of September 2025, approximately 98% of rebated heat pumps in 9ŦŦƛŎƛŜƴŎȅ aŀƛƴŜΩǎ 

WHHP program were ductless, with the remaining 2% ducted. 

 

This report presents analyses of WHHP installations that occurred in Maine during the first six months of 

the WHHP program from 9/18/2023 through 2/28/2024. The first phase of the work included analysis of 

premise-level interval data on electricity consumption collected through the utilitƛŜǎΩ advanced metering 

infrastructure (AMI) during the spring of 2024. This analysis estimated heat pump usage by isolating 

cold-weather-dependent electricity consumption (kWh) in each home όǊŜŦŜǊǊŜŘ ǘƻ ŀǎ άLƴƛǘƛŀƭ !aL 

Aƴŀƭȅǎƛǎέ ƛƴ ǘƘƛǎ ǊŜǇƻǊǘύ.  

 

Using these results, Ridgeline Energy Analytics (Ridgeline) and Demand Side Analytics (DSA) developed a 

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

more about suspected underutilization of heat pumps, Ridgeline and DSA drew from the two-thirds of 

the WHHP population that showed the lowest electricity consumption for cold-weather-dependent 

kWh. Ridgeline installed metering equipment in homes in late fall 2024 and early winter 2024-2025. 

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

2025 to run a parallel analysis to the metering data όǊŜŦŜǊǊŜŘ ǘƻ ŀǎ άwŜŦǊŜǎƘ !aL Aƴŀƭȅǎƛǎέ ƛƴ ǘƘƛǎ ǊŜǇƻǊǘύ.   

 

This study found that, on average, homes participating in 9ŦŦƛŎƛŜƴŎȅ aŀƛƴŜΩǎ WHHP program use 4,904 

kWh annually for heating with heat pumps, delivering approximately 52 MMBtu of heat. Compared to 

the ŜŀǊƭƛŜǊ ƎŜƴŜǊŀǘƛƻƴǎ ƻŦ 9ŦŦƛŎƛŜƴŎȅ aŀƛƴŜΩǎ ƘŜŀǘ ǇǳƳǇ rebate program, which had smaller incentive 

amounts and did not establish any minimum requirements for design load capacity, total kWh 

consumption for heating with heat pumps nearly doubles in the new WHHP program (Figure 1). Under 

the new WHHP program, electricity consumed per unit of rated heat pump capacity rises from 

approximately 109 kWh/ kBtuRated
47 to 143 kWh/ kBtuRated

47 compared to the legacy program design.  

 

Our study finds that the new program design ς requiring WHHP systems ǘƻ ǎŜǊǾŜ ŀǎ ŀ ƘƻƳŜΩǎ ǇǊƛƳŀǊȅ 

heating system in order to be eligible for a program rebate ς significantly increased electricity usage for 

the heat pumps. This higher usage is not an indication that the heat pumps are operating inefficiently; 

on the contrary, we found their coefficient of performance (COP) has improved. Of greatest importance, 

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

capacity (instead of sitting idle) and are therefore displacing significantly more fossil fuel than the earlier 

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

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

cost savings for the customer and carbon reductions. DƛǾŜƴ aŀƛƴŜΩǎ ǊŜƭŀǘƛǾŜƭȅ ǳƴŘŜǊǳǘƛƭƛȊŜŘ ƎǊƛŘ 
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capacity, the higher electrical usage by the heat pump systems will also help depress electricity 

distribution rates.1 

 

Figure 1.  Heat Pump Consumption (kWh) Across Multiple Maine Studies2 3 

  
 

Efficiency, expressed as the COP, was metered for the 160 heat pumps in the study. Figure 2 shows the 

observed relationship between COP and outdoor air temperature. The field-metered COP falls between 

the COPs claimed by manufacturers (AHRI Reported) for maximum and minimum capacity across a 

range of outdoor temperatures. The COPs found through our metering in the current study are higher 

than in previous studies that covered heat pumps installed in Maine from 2014 to 2021. We believe 

there are several reasons for the findings of improved efficiency: 

¶ New heat pumps have increased their ability to provide partial load heating and have increased 

their ratings at both warm and cold temperatures. 

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

 

1 Triennial Plan VI Appendix H-1: Beneficial Electrification Plan for Maine. 2024. 

2 The 2023 meter evaluation covers heat pumps installed in 2020 and 2021. The 2023 AMI study covers this same 
period. Efficiency Maine Residential Heat Pump Impact Evaluation. 2024.  
3 The 2024 AMI study and this study examine heat pumps installed from fall 2023 through spring 2024. 

https://www.efficiencymaine.com/docs/TPVI_Appendix_H1_Beneficial_Electrification_Plan_for_Maine_11-24.pdf
https://www.efficiencymaine.com/docs/Efficiency_Maine_Residential_Heat_Pump_Impact_Evaluation_Report-2024.pdf
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¶ This study used web-connected meters that provided continuous data with nearly no gaps, 

reducing the need for data extrapolation. 

 

Figure 2.  Average Field-Metered and Manufacturer-Reported COPs vs. Outdoor Air Temperature, with 

Metered COP from 20244 Evaluation and 2019 HESP Evaluation5 

 
 

Figure 3 shows the average power consumption per heat pump across all heat pumps in the metering 

sample for January 22, 2025, the coldest day of the 2024-25 metering period. On this day, average site 

temperatures fell below -5°F, and peak power draw exceeded 1 kW per heat pump. For regional 

differences, see Figure 32 in Section 5. 

 

 
4 Efficiency Maine Residential Heat Pump Impact Evaluation. 2024. This study evaluated heat pumps installed 2019 
- 2021. 

5 Efficiency Maine Trust Home Energy Savings Program Impact Evaluation. 2019. This study evaluated heat pumps 
installed 2014 - 2016. 

 

https://www.efficiencymaine.com/docs/Efficiency_Maine_Residential_Heat_Pump_Impact_Evaluation_Report-2024.pdf
https://www.efficiencymaine.com/docs/HESP-Evaluation-2019.pdf


16 

 

Figure 3.  Average Power Consumption vs. Time of Day for Coldest Day (1/22/25) in Metering Period, per 

Heat Pump (n = 160) 

 
 

 

Looking across all 78 metered homes and sorting by percentage of heat load met by heat pumps, we can 

see (Figure 4) that many of the highest users of heat (of all heat sources), that is >70 MMBtu, correlate 

to the lowest use of heat pumps to meet their heating load. Moderate consumers of heat (all sources) 

were more successful than high consumers in fully heating their homes with heat pumps, and homes 

that consumed the least heat overall were more likely to achieve the highest share of ǘƘŜƛǊ ƘƻƳŜΩǎ 

heating needs from their heat pumps. 



17 

 

Figure 4.  Total Heating by Home Ordered by Percent Heat Pump Heating (n = 78) 

 
This study found that the WHHP program approach increased the use of heat pumps, and that heat 

pumps provided over 70% of total heating needs in the homes. Wood heat accounts for 10%, and fossil 

fuel use accounts for the remaining 19% of total heating needs. 
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2 BACKGROUND 

 

Efficiency Maine historically offered incentives for heat pump installations that contained minimum 

requirements for efficiency and cold-climate performance, but did not require that heat pumps serve a 

minimum capacity ƻŦ ǘƘŜ ƘƻƳŜΩǎ ƘŜŀǘ ƭƻŀŘ at design temperature.  

In 2023, Efficiency Maine contracted Demand Side Analytics (DSA) to perform a pre/post AMI analysis of 

homes that received a rebate from Efficiency Maine for a supplemental (not whole-home) heat pump 

installed between 2019 and 2021. Separately, Efficiency Maine contracted Ridgeline Energy Analytics 

(Ridgeline) to meter residential heat pumps (installed through the Efficiency Maine programs in 2020 

and 2021) during winters 2021-22 and 2022-23Φ  wƛŘƎŜƭƛƴŜΩǎ ǊŜǇƻǊǘ ƻŦ ǘƘŜ metering results is the 

Residential Heat Pump Impact Evaluation (2024).6 The results from both of these analyses indicated that 

the rebated heat pumps were ǇŜǊŦƻǊƳƛƴƎ ǿŜƭƭ ƛƴ aŀƛƴŜΩǎ ŎƻƭŘ ŎƭƛƳŀǘŜΣ ōǳǘ ǘƘŜȅ ǿŜǊŜ underutilized 

relative to their full potential and many homeowners continued to rely on their central fossil-fueled 

heating systems ǘƻ ǎǳǇǇƭȅ ǾŀǊȅƛƴƎ ŘŜƎǊŜŜǎ ƻŦ ǘƘŜ ƘƻƳŜΩǎ ƘŜŀǘƛƴƎ ƴŜŜŘǎ.  When the heat pumps are 

underutilized relative to their full potential, Maine homeowners tend to use more of their traditional 

fuels to heat their homes, resulting in higher costs. As noted in the prior section, underutilization of heat 

pumps in Maine also results in higher air pollution levels and a missed opportunity to depress electricity 

distribution rates. 

In response to these findings, Efficiency Maine redesigned the heat pump program by, among other 

things, limiting rebate eligibility ǘƻ ŀ άWhole Home Heat PǳƳǇέ ό²IItύ system intended to serve as a 

ƘƻƳŜΩǎ ǇǊƛƳŀǊȅ ƘŜŀǘƛƴƎ ǎȅǎǘŜƳ.  A WHHP system is one in which the sum of all heat pump(s) in the 

home are designed and  sized to meet at least 80% of the hoƳŜΩǎ peak heating load. The remaining 20% 

of peak heating load, if not met by heat pumps, may be met by a supplemental system.7 Efficiency 

Maine launched its WHHP rebate  in September 2023. Hereafter, the term άƭŜƎŀŎȅ ǎǳǇǇƭŜƳŜƴǘŀƭέ refers 

to ǘƘŜ ŜŀǊƭƛŜǊ ƛǘŜǊŀǘƛƻƴ ƻŦ 9ŦŦƛŎƛŜƴŎȅ aŀƛƴŜΩǎ ǇǊƻƎǊŀƳ ŘŜǎƛƎƴΣ ŘƛǎŎƻƴǘƛƴǳŜŘ ƛƴ нлноΣ ƛƴ ǿƘƛŎƘ ƘŜŀǘ ǇǳƳǇǎ, 

intended for use as a supplement to an existing, central furnace or boiler were eligible for a rebate. 

In the spring of 2024, Efficiency Maine contracted DSA to perform a new pre/post analysis for homes 

that received a WHHP rebate όǊŜŦŜǊǊŜŘ ǘƻ ŀǎ άLƴƛǘƛŀƭ !aL Analysiǎέ ƛƴ ǘƘƛǎ ǊŜǇƻǊǘύ. The Initial AMI analysis 

found that heat pump utilization was higher under the WHHP rebate design than it had been under the 

legacy supplemental structure. Figure 5 compares the distribution of post-installation annual heating-

related electricity use between the two program designs (i.e., legacy supplemental HP versus WHHP).8 

 
6 Efficiency Maine Residential Heat Pump Impact Evaluation. 2024.  

7 Subsequent to the launch of the WHHP rebate, Efficiency Maine clarified that a central furnace or boiler is not 

considered an allowable supplemental heating system. 

8 Electricity used for heating was calculated using outputs from the AMI analysis based on a weather-dependent 
pattern. If electricity use for a home trends downward with decreasing outdoor air temperature, the predicted 
cold-weather-dependent electric use is characterized ŀǎ άƴŜƎŀǘƛǾŜέΦ A negative electricity use for heating does not 
make theoretical sense ς it just means the relationship between electricity usage and outdoor air temperature is 
the opposite of the trend we would expect to see in a home that relies on their heat pump for space heating. 

https://www.efficiencymaine.com/docs/Efficiency_Maine_Residential_Heat_Pump_Impact_Evaluation_Report-2024.pdf
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The green distribution represents the AMI-predicted electricity use of legacy supplemental HP 

participants, and the translucent distribution represents the AMI-predicted electricity use by WHHP 

participants. Temperature-dependent electricity use is clearly greater for WHHP participants than legacy 

supplemental heat pump participants, but the left half of the WHHP distribution in Figure 5 suggested 

that many participants would, according to the model, still be underutilizing their heat pumps.  

Figure 5.  Predicted Post-Installation Heat Pump Electricity by Home 

 

 

To better understand what was happening in the homes on the left side of the WHHP distribution from 

Figure 5, Ridgeline performed field metering on a subset of homes. Based on the estimated electricity 

use distribution above, DSA binned WHHP participants into one of four use bins: negative, low, medium, 

and high (see footnote 8 for discussion on the negative heating electricity use). WHHP participants with 

non-negative use were split into bins by thirds rather than using specific kWh or kWh/kBtu of capacity 

cutoffs. ¢ƘŜ ƘƻƳŜǎ ƛƴ wƛŘƎŜƭƛƴŜΩǎ ƳŜǘŜǊƛƴƎ sample were selected from only the negative, low, and 

medium bins.  

Geographic filters were placed on the dataset to limit technician drive times for metering; however, 

much of Maine was covered. Table 1 shows the number of homes in each bin in DSAΩǎ Initial AMI 

analysis and RidgelineΩǎ metering sample. The table also shows the range of post-installation heating 

electricity use and other summary statistics for each bin. 
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Table 1.  Bins by Temperature Dependent Electricity Use (Initial AMI Analysis) 

Usage Group Bin 

Number of 
Homes in 
Initial AMI 
Analysis 

Range of 
Electricity Use 

(kWh/yr) 

Average 

Electricity Use 

(kWh/year) 

Average Total 

Household Max 

Heat Pump 

Capacity 

(kBtuMax
Design) 

Number of 

Homes in 

Metering 

Sample 

Negative (01) 57 < 0 -888 31.9 8 

Low (02) 312 0 ς 3,250 1,713 30.4 34 

Medium (03) 312 3,250 ς 6,130 4,667 33.6 36 

High (04) 311 > 6,130 9,296 42.2 0 

Total 992 --- 4,870 35.1 78 

 

Ridgeline metered all heat sources (not just heat pumps) in each home. In metering all heat sources, we 

could better understand what percentage of each homeΩs heating load was being delivered by the heat 

pump(s). Chapters 5 through 8 of this report provide additional details regarding the metering methods 

and findings. Ridgeline metered 160 outdoor units and 166 indoor units in 78 homes. The electricity 

used by each heat pump, the amperage drawn by each indoor fan, the temperature of the air supplied 

by each indoor unit, and the temperature of the air returned to each unit were measured. These 

parameters also allowed the calculation of the efficiency of each heat pump. Research questions for the 

metering portion of the study include: 

¶ How much power is drawn by each heat pump and how does it vary with outdoor temperature? 

¶ How much heat is provided by each heat pump and how does that vary with outdoor 
temperature? 

¶ How are other sources of heat used in the home, and at what outdoor temperatures are they 
turned on? 

¶ What is the ratio of heat provided to electricity used for the heat pumps? 
 

In parallel with metering, DSA refreshed the AMI analysis for early WHHP participants with additional 

post-installation AMI data όǊŜŦŜǊǊŜŘ ǘƻ ŀǎ άwŜŦǊŜǎƘ !aL Aƴŀƭȅǎƛǎέ ƛƴ ǘƘƛǎ ǊŜǇƻǊǘύ. For a portion of homes 

in the Initial AMI analysis, only a limited timeframe of post-installation AMI data was available because 

customers had installed their heat pumps in the second half of winter 2023-24. Much of the additional 

AMI data overlapped with the metering period. One goal of the Refresh AMI Analysis was to compare 

estimated heat pump electric use produced through regression modeling with actual metered heating 

kWh. Key research questions for the Refresh AMI Analysis and the AMI/metering comparison include: 

¶ How accurately can heat pump loads be predicted through an AMI analysis?  

¶ Are certain regression model specifications better at estimating heat pump loads than others?  

¶ Are there situations where the AMI approach is more or less applicable than metering?  
 

Additional details regarding the Refresh AMI Analysis including AMI/metering comparison can be found 

in Chapter 9, Refresh AMI Analysis and Appendix B. 
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3 INITIAL WHHP AMI INVESTIGATION 

 

In September 2023, the Trust began offering the ά²hole Home Heat Pumpέ ό²IItύ rebate through two 

programs: (1) the Home Energy Savings Program; and (2) Low- and Moderate-Income Initiatives. To be 

eligible for the WHHP rebate, the newly installed heat pump(s), together with any previously existing 

heat pump(s), must be sized such that the ƘŜŀǘ ǇǳƳǇǎ Ŏŀƴ ŘŜƭƛǾŜǊ ŀǘ ƭŜŀǎǘ ул҈ ƻŦ ǘƘŜ ƘƻƳŜΩǎ ǇŜŀƪ 

heating load. DSA performed a pre/post AMI analysis of WHHP participants who installed one or more 

heat pumps between September 2023 and February 2024. This chapter describes the data sources used 

for the AMI analysis, our regression approach, and the results. 

3.1 DATA SOURCES 

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

¶ Program tracking data from 9ŦŦƛŎƛŜƴŎȅ aŀƛƴŜΩǎ wŜǇƻǊǘƛƴƎ ŀƴŘ ¢ǊŀŎƪƛƴƎ {ȅǎǘŜƳ όeffRT) 

¶ Hourly AMI interval data for homes participating in the WHHP program 

¶ Historical weather data 

¶ Typical meteorological year (TMY3) weather data 

These four data streams are discussed in subsequent sections, and the development of the analysis 

dataset is discussed in section 3.1.4. 

3.1.1 Program Tracking Data 

The effRT program tracking data captures key information on each home that received a WHHP rebate, 

including the program pathway (low income, moderate income, or any income), installation date, and 

details regarding the incentivized heat pump equipment. Two of the key fields regarding the heat pump 

equipment were (1) the rated heating capacity at 47ЈF for the rebated units and (2) the sum of the max 

capacities at the design temperature for all heat pumps at the household (including heat pumps that 

were previously rebated and heat pumps that were not rebated). This section provides details on 

relevant program tracking fields used in our analysis.  

Figure 6 shows the cumulative count of participants by date. Roughly half of the installations were 

completed before January 2024, but a notable share were installed after the coldest days of winter had 

already passed. Any projects completed on or after March 1, 2024, were excluded from the initial AMI 

analysis due to a lack of sufficient post-installation winter data at the time of analysis (spring 2024). 
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Figure 6.  Cumulative Participation in WHHP by Date 

 

Figure 7 shows the breakdown of the rebated units by manufacturer. Mitsubishi Electric and Fujitsu 

alone account for about 70% of all units, with Samsung, Daikin, and a handful of other brands making up 

the balance. The ten most common models were cross-checked against the AHRI directory to confirm 

ratings and cold-climate eligibility. 

Figure 7.  Units Breakdown by Manufacturer 

 
 

Table 2 summarizes key metrics for homes that received a WHHP rebate during the period of 

investigation. The average rated heat pump capacity at 47°F for the rebated heat pumps is 14.8 kBtu/h, 



23 

 

and the average total household maximum heating capacity at design conditions is 34.6 kBtu/h.9 This 

matches well with the fact that on average, participants installed 2 to 3 heat pumps to meet the whole 

home sizing criteria ς either through incentivized WHHP installations only or in total between WHHP 

incentives, prior heat pump installations, and new non-rebated multi-zone units.  

The average rated HSPF2 of heat pumps in homes that received a rebate was 11.3, which is 

approximately 3.3 times more efficient than electric resistance heating. Even under 5°F conditions, fleet-

wide efficiency remains high, with an average rated COP of 2.4. Nearly one-quarter of homes that 

received a WHHP rebate had also received a prior heat-pump rebate under the legacy program offering 

for supplemental heat pumps. The incidence of existing, supplemental heat pumps in homes that 

received a subsequent WHHP rebate ƛǎ ƛƳǇƻǊǘŀƴǘ ǘƻ ŎƻƴǎƛŘŜǊ ǿƘŜƴ ŎƻƳǇŀǊƛƴƎ άǇǊŜέ ŀƴŘ άǇƻǎǘέ ǇŜǊƛƻŘǎ 

in the AMI analysis.  

Table 2.  WHHP Tracking Data Summary Statistics (Through 4/7/2024) 

Metric Value 

Average Rated Capacity of Heat Pumps Installed through Program (47°F) 
(kBtu/h) 

14.8 

Average Total Household Maximum Heating Capacity of Heat Pumps at or Below 
Design Temperature (kBtu/h)* 

34.6 

Rated COP @ 5°F 2.4 

HSPF2 (Btu/Wh) 11.3 

Average Contractor-Calculated Heat Load (kBtu/h) 29.1 

Average10 Annual Heat Load (MMBtu) 75 

Percentage of Homes with Prior Heat Pump Rebate (%) 23 
*This average capacity reflects all homes in the tracking data. The capacity value shown in Table 1 only reflects homes in the 
initial AMI analysis.   

Figure 8 shows the distribution of total household capacity (kBtuMax
Design), Figure 9 shows the distribution 

of living square footage, and Figure 10 shows the relationship between these two variables. According 

to the 2020 Residential Energy Consumption Survey, aŀƛƴŜΩǎ ŀǾŜǊŀƎŜ residential unit has roughly 1,660 

ft² of conditioned area (living space).11 More than 60% of homes in this study have living spaces less than 

 
9 Design conditions vary by geography with homes mapped to Portland at 0 degrees (F), Bangor at -7 degrees (F), 
and Caribou at -14 degrees (F). The source of capacity at design conditions is the rebate claim form filled out by the 
contractor. Manufacturers report capacities at varying conditions and in the NEEP database include capacity at 5°F 
and at a lower temperature that is often below zero. 

10 As calculated in effRT using the minimum of (installed HP capacity at design temp or reported Heat Load at 
design temperature) * 186,648 / (Ti-To) / 1,000,000 where 186,648 is the population weighted average TMY3 
heating degree hours, Ti - To is assumed to be 70 degrees F, and 1,000,000 converts from Btu to MMBtu. 

11 нлнл wŜǎƛŘŜƴǘƛŀƭ 9ƴŜǊƎȅ /ƻƴǎǳƳǇǘƛƻƴ {ǳǊǾŜȅΣ ¦Φ{Φ 9ƴŜǊƎȅ LƴŦƻǊƳŀǘƛƻƴ !ŘƳƛƴƛǎǘǊŀǘƛƻƴΦ άIƛƎƘƭƛƎƘǘǎ ŦƻǊ ǎǉǳŀǊŜ 
ŦƻƻǘŀƎŜ ƛƴ ¦Φ{Φ ƘƻƳŜǎ ōȅ ǎǘŀǘŜέΦ  

https://www.eia.gov/consumption/residential/data/2020/state/pdf/State%20Square%20Footage.pdf
https://www.eia.gov/consumption/residential/data/2020/state/pdf/State%20Square%20Footage.pdf
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the state average.12 Homes in this size range typically install 16ς44 kBtu/h of heat-pump design 

temperature capacity.  

Figure 8.  Distribution of Total Household Capacity (kBtuMax
Design) 

 

 

Figure 9.  Distribution of Living Square Footage 

 

 

 
12 Ibid. According to property tax data, average living square footage was 1,638 for the homes in the AMI analysis 
of legacy supplemental HPs. For homes included in the Initial AMI analysis, the average is 1,457. For homes 
included in the Refresh AMI analysis, the average is 1,490. For homes included in the metering sample, the average 
is 1,337. 
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Figure 10 shows a near-linear trend where each additional square foot adds roughly 15ς20 Btu/h of heat 

pump capacity.  This is not surprising because most contractors calculated heat load using an estimate 

of 20 Btu/h/ ft2, one of the options in the program application.  

 

Figure 10.  Relationship Between Living Square Footage and Capacity (kBtuMax
Design) 

 

 

The program tracking data did not contain the electric utility company or the account number for the 

participants, but it did contain the participantsΩ name and installation addresses. Some records 

contained a phone number and an email address. We also received program tracking data for Efficiency 

aŀƛƴŜΩǎ ŜƭŜŎǘǊƛŎ ǾŜƘƛŎƭŜ ƻŦŦŜǊƛƴƎ (EV Accelerator). This data was used to flag homes that installed heat 

pumps and purchased an EV around the same time. The presence of an EV confounds pre/post AMI 

analysis for these homes, so they were removed from the analysis in the filtering process described in 

Section 3.3.1. 

3.1.2 Interval Data 

Participant information from the program tracking data was used to map participants to specific account 

numbers in the Central Maine Power (CMP) and Versant customer databases. After performing this 

mapping, we requested a history of AMI data from CMP and Versant. Both utilities were able to provide 

1-hour interval data for most of the accounts in the data request. Table 3 provides a summary of the 

data we received. Due to the timing of the analysis, we did not receive any post-installation summer 

data. This was not an issue since our primary focus was usage during the heating season. On average, we 

had approximately 2.25 years of pre-participation data and about four months of post-participation 

data.  
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Table 3.  Count of Service Points 

Utility  Number of Accounts 
Average Number of Pre-

Installation Days 
Average Number of 

Post-Installation Days 

CMP 1,195 835 108 

Versant 238 827 109 

Total 1,433 834 108 

 

Across all homes in the AMI data, Figure 11 shows average daily consumption for the heating season by 

day of year for both the pre-installation (gray) and post-installation periods (green). The post-period 

data excludes data from the cooling season. The increase in consumption in the post-period winter 

months is evident. Note this figure reflects raw consumption, not weather-normalized usage.  

Figure 11.  Heating Season Average Household Daily kWh by Day of Year and Period* 

 

*  Analysis of the post period only included data from the heating season. The cooling season 

was not part of the dataset. 

3.1.3 Weather Data 

This analysis incorporates two types of weather data: historical weather data and typical meteorological 

year (TMY3) data. Historical weather data was used to estimate the relationship between temperature 

and energy use, while TMY3 data were used to predict heat pump usage under typical long-term climate 

conditions.  

Using a zip-to-station map provided by Efficiency Maine (Figure 12), each participant account was 

mapped to a nearby weather station based on their zip code. In Figure 12, the black dots represent the 

weather stations. In total, fifteen candidate stations were used. The most common stations were Bangor 

International Airport (23%), Auburn-Lewiston (15%), Augusta Airport (11%), and Portland International 

Jetport (10%).  
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Figure 12.  Mapping Zip Codes to Weather Stations13 

 

3.1.4 Preparing the Analysis Data Set 

The key step in creating the analysis data set was merging the AMI data with the weather data and key 

characteristics from the program tracking data, such as installation date and zip code. Prior to running 

the merge, hourly kW readings were aggregated to daily kWh totals, and hourly temperatures were 

averaged for each day.  

Figure 13 shows average daily consumption (gray line) and average daily temperature (green area). Note 

that the gray line reflects a mixture of both pre-installation and post-installation data, as installations 

occurred throughout fall of 2023 and winter of 2024. That said, average daily consumption is clearly 

higher during the 2023-24 winter than either of the prior winters. Many of the rebate recipients had 

partial or full electric heating (either supplemental heat pumps or primary electric resistance heating) 

prior to their WHHP installation. 

 
13 Based on climate data from ¦{5!Ωǎ нлно tƭŀƴǘ IŀǊŘƛƴŜǎǎ ½ƻƴŜ aŀǇ. 

https://planthardiness.ars.usda.gov/
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Figure 13.  Average Daily Household Consumption Time Series 

 

Figure 14 shows average daily consumption across different temperature bins (incremented by 1 

degree). The right panel represents WHHP participants, and the left panel represents participants under 

the legacy supplemental rebate design. See Chapter 2 for discussion on the transition from the legacy 

rebate design to the WHHP design. Focusing on the right panel, the increase in daily kWh use after 

WHHP installation is evident. After installation, households were using approximately 50 kWh per day 

when average daily temperatures were between 10°F and 20°F, compared to approximately 30 kWh per 

day prior to WHHP installation.  

In comparing the two panels, there are a few key takeaways:  

¶ The post-period temperature ranges differed between the two analyses. For the WHHP analysis, 

which gathered data during the winter of 2023-24, average daily temperatures rarely dropped 

below 10ЈF in the post period. For the legacy supplemental rebate analysis, which spanned two 

winters, average daily temperatures in the post period dropped down to near -10ЈF. The study 

had no insight into what electric heating use for WHHP participants would look like 

between -10ЈF and 10ЈF due to the lack of very cold temperatures during the winter of 2023-24. 

¶ Post-installation loads after WHHP rebates are higher than they were after legacy supplemental 

rebates.  

¶ Pre-installation loads for WHHP rebate reflect considerably more electric heating than the pre-

installation loads for the legacy supplemental rebate. (Twenty-three percent (23%) of homes 

with a WHHP had received a rebate for a supplemental heat pump prior to their WHHP 

installation.)  

Due to the relatively high pre-installation cold-weather-dependent electric use, one of the primary 

reporting metrics we looked at was the predicted post-installation, cold-weather-dependent electric use 

only (rather than pre/post). Looking at the delta between the pre period and post period will understate 
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how much the participants rely on heat pumps since the pre-period reflects the use of supplemental 

heat pumps for nearly one-fourth of participants.14 

Figure 14.  Average Daily Consumption by Temperature 

 

3.2 REGRESSION MODELING 

As noted in the prior section, there were two primary metrics we estimated: (1) the post-installation 

cold-weather-dependent electric use and (2) the delta between the pre- and post-installation cold-

weather-dependent electric use. Both metrics can be expressed in kWh, or they can be normalized to 

maximum heating capacity of the heat pumps at design temperature (kWh/kBtuMax
Design). 

Producing these estimates entails two steps. First, we use historical data to understand the relationship 

between daily consumption, temperature (in the form of heating degree days and cooling degree days), 

and period (pre or post). Then, we cast this relationship over a typical meteorological weather year to 

estimate weather-normalized metrics. We chose to run individual customer regression models (ICRs) 

rather than one pooled model. The ICR approach enables unlimited slicing of the results across any 

dimension of interest. We also ran pooled models to check the ICR results, and the average results were 

quite similar. The model specification for the ICR models is shown below. 

ὯὡÈ  ‍  ‍ ὅzὈὈ ‍ ὌzὈὈ 
 

  ‍ ὖzέίὸ ‍ᶻὖέίὸ ὅzὈὈ ‍ᶻὖέίὸ ὌzὈὈ 
 

  ‍ ὓzέὲὨὥώ Ễ ‍ ὛzὥὸόὶὨὥώ Ὁὶὶέὶ 

In this model: 

 
14 Suppose a home used 500 kWh for heating in the pre period, then 2,500 kWh for heating in the post period. The 
pre/post delta is 2,000 kWh and the post-installation cold-weather-dependent electric use is 2,500 kWh. In this 
hypothetical, the pre/post delta would ǳƴŘŜǊǎǘŀǘŜ Ƙƻǿ ƳǳŎƘ ƻŦ ǘƘŜ ƘƻƳŜΩǎ ƘŜŀǘ ƭƻŀŘ ƛǎ ōŜƛƴƎ ŘŜƭƛǾŜǊŜŘ ōȅ ƘŜŀǘ 
pumps by 20%. 
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¶ ὯὡὬ represents the daily kWh on day ὸ. 

¶ ὅὈὈ and ὌὈὈ represent the daily cooling degree days (CDD) at base 70 degrees (F) and daily 

heating degree days (HDD) at base 60 degrees (F) on day ὸ. 

¶ ὖέίὸ is an indicator variable that equals one if day ὸ occurs in the post-installation period, and 

it equals zero otherwise. 

¶ ὓέὲὨὥώ through ὛὥὸόὶὨὥώ are indicator variables. ὓέὲὨὥώ, for example, equals one if day 

ὸ is a Monday, and it equals zero otherwise. (With this approach, Sunday is treated as the 

baseline day.) 

¶ Ὁὶὶέὶ represents prediction error on day ὸ. 

And the parameters are interpreted as follows: 

¶ ‍ represents the expected base daily kWh (non-weather-dependent) on a Sunday in the pre 

period. 

¶ ‍ represents the expected change in pre-period daily kWh for each daily CDD. 

¶ ‍ represents the expected change in pre-period daily kWh for each daily HDD. If this coefficient 

is positive (and statistically significant) for a given premise, then pre-period daily consumption 

increased as average daily temperatures decreased. This could suggest some form of electric 

heating (though there are other possible explanations such as hydronic circulator pumps, 

furnace blower fans, and lighting). 

¶ ‍ represents the expected change in base daily kWh (non-weather-dependent) in the post 

period. 

¶ ‍ represents the incremental effect of each CDD on daily kWh in the post period. If this 

coefficient is positive, then the premise used more kWh per CDD in the post period than they 

did in the pre period. In practice, we observed no CDD in the post-period of the initial AMI 

investigation, so this coefficient was omitted for each home.  

¶ ‍ represents the incremental effect of each HDD on daily kWh in the post period. If this 

coefficient is positive, then the premise used more kWh per HDD in the post period than they 

did in the pre period (i.e., increased load in the winter after installing a heat pump). 

¶ ‍ through ‍  represent the expected change in base daily kWh for each day of the week 

(where ‍ corresponds to Mondays, ‍ corresponds to Tuesdays, and so on).15 

The model estimates can be combined with TMY weather data to predict weather-normalized annual 

pre and post consumption. Example regression output is shown in Figure 15, and Table 4 illustrates how 

the metrics are normalized for a location with 6,118 annual HDD60 and 104 annual CDD70. The practical 

 
15 bƻǘŜ ǘƘŀǘ ǘƘŜǊŜ ƛǎ ƴƻ άŘŀȅ ƻŦ ǿŜŜƪέ ŎƻƳǇƻƴŜƴǘ ǘƻ ¢a¸ ǿŜŀǘƘŜǊ ŘŀǘŀΦ ²ƘŜƴ ǿŜ Ŏŀǎǘ ǘƘŜ ǊŜƭŀǘƛƻƴǎƘƛǇ ōŜǘǿŜŜƴ 
ŎƻƴǎǳƳǇǘƛƻƴΣ ǿŜŀǘƘŜǊΣ ŀƴŘ Řŀȅ ƻŦ ǿŜŜƪ ƻǾŜǊ ǘƘŜ ¢a¸ ŘŀǘŀΣ ǿŜ ŀǎǎƛƎƴ ŀ ȅŜŀǊ ǘƻ ǘƘŜ ¢a¸ Řŀǘŀ ǘƻ ŦŀŎƛƭƛǘŀǘŜ ŀ άŘŀȅ ƻŦ 
ǿŜŜƪέ ŎŀƭŎǳƭŀǘƛƻƴΦ ¢ƘŜ ŎƘƻƛŎŜ ƻŦ ȅŜŀǊ has a negligible but non-zero effect on weather-normalized pre and post 
annual consumption but has no effect on the impact estimate. 
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interpretation of the HDD60 coefficient (‍ = 0.230) is that predicted pre-period daily kWh increases by 

0.230 for each additional HDD60. The practical interpretation of the coefficient for the Post*HDD60 

interaction term (‍ = .424) is that predicted post-period daily kWh increases by 0.654 (0.230 + 0.424 = 

0.654) for each additional HDD60. In other words, this account used 0.424 more kWh per HDD in the 

post period than they did in the pre period. 

Figure 15.  Example Regression Output 

 

Table 4.  Example Impact Calculations 

Component Metric Calculation 

Cold-Weather-

Dependent 

Electric Use 

Pre 0.230 * 6,118 = 1,407 kWh 

Post (0.230 + 0.424) * 6,118 = 4,001 kWh 

Impact 4,001 kWh ς 1,407 kWh = 2,594 kWh 

Warm-Weather-

Dependent 

Electric Use 

Pre 0.288 * 104 = 30 kWh 

Post (0.288 + 0.56) * 104 = 88 kWh 

Impact 88 kWh ς 30 kWh = 58 kWh 

Non-Weather-

Dependent 

Electric Use 

Pre 9.646 * 365.25 = 3,523 kWh 

Post (9.646 + 0.247) * 365.25 = 3,613 kWh 

Impact 3,613 ς 3,523 = 90 kWh 
These calculations assume 6,118 annual HDD60 and 104 annual CDD70. 

‍ 

‍ 

‍ 

 

‍ 

 
 

‍ 

 

 

 

 

 

 

 

 

 

‍ 
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¢ƘŜ ƳŜǘǊƛŎǎ ƛƴ ǘƘŜ άCold-Weather-Dependent Electric Useέ Ǌƻǿǎ ς specifically the post period metric, 

which accounts for any existing heat pumps in addition to newly installed heat pumps through WHHP ς 

are the metrics of interest for this analysis.  

3.3 RESULTS 

Overall, we estimated average post-installation cold-weather-dependent electric use to be 4,870 kWh 

per year. The average maximum heating capacity at design temperature for the homes in this initial AMI 

analysis, inclusive of heat pumps installed prior to the WHHP installation and/or heat pumps that were 

not rebated, was approximately 35.1 kBtu/h. This section provides details on filters we applied before 

calculating these averages as well as some other summary metrics. 

3.3.1 Filters 

Prior to summarizing the results, we filtered out approximately 20% of accounts. The goal in applying 

filters is to isolate accounts where we expect (1) the impact of WHHP participation is not confounded 

with other load modifiers such as the installation of solar panels or charging of an electric vehicle, (2) 

there are no data quality issues, and (3) the consumption for the home is reasonable for a residential 

property. The following filters were applied: 

¶ Insufficient data. Homes with fewer than 300 days of pre-participation data were filtered out. 

Homes with installation dates after 3/1/2024 were filtered out as well. 

¶ Solar power. Homes with known solar power (per utility database information) or homes with 

typical solar load shapes were removed. 

¶ Rebated electric vehicle. Homes that received an Efficiency Maine rebate for an electric vehicle 

were removed, as these homes likely charged an EV during the analysis period. 

¶ Low or high pre-participation annual consumption. A threshold of 500 kWh was used for the 

low end, and a threshold of 40,000 kWh was used for the high end. 

¶ Zero reads. Homes with several days of 0 kWh were removed. Among other possibilities, no 

consumption could indicate a data quality issue or a home with solar power. Days with 

widespread power outages were removed from the entire dataset, separately from the filter for 

individual homes with several days of 0 kWh. 

Table 5 shows the number of accounts that remained in the analysis after applying each filter. If the 

filters were applied in a different order, the interim table values would change but the final account tally 

would not. 

Table 5.  AMI Analysis Filtering 

Filter Accounts Remaining 

Total accounts before filtering 1,433 

Insufficient data 1,378 

Solar power 1,284 

Rebated EV 1,255 

Low or high pre-WHHP annual consumption 1,245 

Several days of zero reads 1,141 

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

Total accounts after filtering 992 

3.3.2 Annual Impacts and Predicted Cold-Weather-Dependent Electric Use 

Table 6 shows summary statistics from the initial AMI investigation. Estimated post-installation cold-

weather-dependent electric use is shown in kWh and kWh per kBtuMax
Design.16 The latter metric 

(kWh/kBtu) allows for making comparisons across homes of varying sizes, providing insight into the 

relative intensity of heat pump usage. We found an average pre/post impact of 3,176 kWh and 

predicted post-period cold-weather-dependent electric use averaged 4,870 kWh (or 147 

kWh/kBtuMax
Design). The distribution of post-installation cold-weather-dependent electric use is shown in 

Figure 16. There is some discussion in Chapter 3.3.3 on the predictions of negative electric use, which 

are theoretically implausible. Note that the average of the normalized values (kWh/kBtuMax
Design) differs 

from a calculation of the average cold-weather-dependent electric use divided by the average capacity 

because of the weighting of individual homes.  

Table 6.  Initial AMI Analysis ς Results 

Metric P25 P50 P75 Mean 

Total Household kBtuMax
Design 24.0 32.6 42.7 35.1 

Cold-Weather-Dependent 
Electric Use, Post Period 

kWh/year 2,148 4,440 7,134 4,870 

kWh/kBtuMax
Design 71 132 204 14717 

Pre/Post Cold-Weather-
Dependent Electric Use Delta 

kWh/year 684 2,695 5,250 3,176 

! ƴƻǊƳŀƭƛȊŜŘ ƳŜǘǊƛŎ όƪ²Ƙκƪ.ǘǳύ ŦƻǊ ǘƘŜ άtǊŜκtƻǎǘ IŜŀǘ tǳƳǇ IŜŀǘƛƴƎ LƳǇŀŎǘέ ǿŀǎ ƴƻǘ ŎŀƭŎǳƭŀǘŜŘ ōŜŎŀǳǎŜ ǘƘŜ ŎŀǇŀŎƛǘȅ 
installed between the pre and post periods could not be accurately assessed. Also note that the capacity metric used in 
this table (kBtuMax

Design) represents the total for the household. 

 

 
16 kBtuMax

Design represents the household sum of the maximum capacity at or below design temperature based on 
manufacturer reported data as reported on the claim form. 

17 This number is larger than the ratio of the averages because it is an average of the ratios. 
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Figure 16.  Distribution of Post-Installation Cold-Weather-Dependent Electric Use 

 

Homes with more heat pump heating capacity generally have higher estimated cold-weather-dependent 

electric use (Figure 17), though there is considerable variation. Normalized to household heating 

capacity, average post-installation cold-weather-dependent electric use was 147 kWh per kBtuMax
Design. 

Figure 17.  Estimated Cold-Weather-Dependent Electric Use vs. Heat Pump kBtuMax
Design 

 

Larger homes also generally had higher estimated cold-weather-dependent electric use. The left panel 

of Figure 18 shows the distribution of predicted post-installation cold-weather-dependent electric use 

across different home living square footage bins (per property tax data). The right panel shows the 

average predicted post-installation cold-weather-dependent electric use in each bin. 
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Figure 18.  Estimated Cold-Weather-Dependent Electric Use vs. Home Living Square Footage 

 

3.3.3 Additional Context 

Below we provide some additional context on the findings of the initial AMI investigation. 

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

stored in the program tracking data generally corresponded to the start of heat pump use but 

were occasionally off by a few weeks. In an analysis with more post-installation data, we would 

typically apply a blackout period around the installation date. Given the limited available post 

data, we did not apply a blackout period for the initial AMI investigation, but we did apply a 

blackout period for the Refresh analysis discussion in Chapter 9. 

¶ Negative cold-weather-dependent electric use. Our AMI analysis resulted in a prediction of 

negative cold-weather-dependent electric use for approximately 6% of homes. This seems 

unusual, and a negative electric use is simply not possible. Our cold-weather-dependent electric 

use estimates use a linear relationship between daily consumption and average daily 

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

dropped. See Figure 19 for an example of a home with a prediction of negative use. 

Consumption at this home clearly increases after the heat pumps are installed, but the 

relationship between consumption and outdoor temperature does not conform to what we 

would expect to see. When heat pump usage is not tied to weather conditions, the estimates 

from the regression model may become counterintuitive (like predicting negative cold-weather-

dependent electric use). 
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Figure 19.  Negative Cold-Weather-Dependent Electric Use Example 

 

¶ Electric rates. wŀǘŜǎ ŀǊŜ ŀƴ ƛƳǇƻǊǘŀƴǘ ŦŀŎǘƻǊ ǘƘŀǘ ŀǊŜƴΩǘ ŎƻƴǘǊƻƭƭŜŘ ŦƻǊ ƛƴ ǘƘƛǎ ŀƴŀƭȅǎƛǎΦ Figure 20 

shows an eleven-year history of ŜƭŜŎǘǊƛŎƛǘȅ ǇǊƛŎŜǎ ƛƴ aŀƛƴŜΩǎ ƭŀǊƎŜǎǘ ŜƭŜŎǘǊƛŎ ŘƛǎǘǊƛōǳǘƛƻƴ ǘŜǊǊƛǘƻǊȅ. 

The increase in rates after 2021 ŎƻǳƭŘ ŀŦŦŜŎǘ ǇŀǊǘƛŎƛǇŀƴǘǎΩ ǿƛƭƭƛƴƎƴŜǎǎ ǘƻ ǊŜƭȅ ƻƴ ƘŜŀǘ ǇǳƳǇǎ ǘƻ 

heat their homes. 
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Figure 20.  11-Year History of Supply Rates in Maine18 

 
 

 

 
18 Maine Office of the Public Advocate. 2025.  

https://www.maine.gov/meopa/sites/maine.gov.meopa/files/inline-files/Electric%20Bill%20Components%20%28Online%2C%20FERC%20Link%29.pdf
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4 METERED HOME CHARACTERISTICS 

 

This section presents a subset of homes with heat pumps installed before March 1, 2024, metered from 

December 2024 through April 2025, that were initially analyzed using AMI data for winter 2023-24 

(Section 3 of this report). As stated earlier in the report, the objective of the metering portion of this 

study was to determine the driving factors behind lower-than-expected utilization levels observed in the 

AMI data for certain heat pump installations. Based on the Initial AMI analysis for winter 2023-24, the 

metering study divided homes into categories of usage level ς Low (L), Medium (M), and High (H) use 

(see Table 1 for details) -- based on their electricity consumption. An additional category of άbegativeέ 

(N) was established for homes whose modeled electrical use decreased with decreasing temperatures. 

The sample used in the metering study focused exclusively on homes segmented as Negative, Low, and 

Medium, where temperature-dependent electricity use was less than expected.  

 

As described previously, at each home, Ridgeline metered (at one-minute intervals) the power to each 

heat pump outdoor unit, the amperages to indoor unit fans, the indoor unit supply air temperatures, the 

indoor unit return air temperatures, and the outdoor temperatures. Additionally, balometer testing was 

conducted to establish a relationship between fan current and airflow for each indoor heat pump head. 

Other sources of heating within the home, including boilers, furnaces, wood stoves, spot fossil heating, 

and electric resistance elements, were also metered to allow a more accurate and comprehensive 

picture of how homeowners were heating their homes overall. The metering methodology is discussed 

more thoroughly in Appendix A: Metering Methods. 

 

This data would: 

 

¶ Provide verification for the AMI analysis by checking its accuracy for these categories of homes. 

¶ Give insight at the household level as to why the heat pumps in the Low and Medium (usage) 
homes consumed less kWh than expected. 

4.1.1 Metered Home Locations 

The initial sample design for this study was 80 residential homes. Ultimately, this study comprised 78 

homes due to one cancellation and one power meter failure. A total of 160 heat pumps (outdoor units) 

were deployed across these 78 homes. Figure 21 shows the geographic spread of the 78 homes in the 

metering sample. 



39 

 

Figure 21.  Map of Study Area 

 
 

The study was focused on the more populated areas of Maine as shown in Figure 22. Ten of the 16 

Maine counties were represented. Based on the most recent plant hardiness map (Figure 23) issued by 

the USDA, climates zones 6a, 5b, and 5a were covered by this sample. One home is on the border of 

zones 5a and 4b. The only populated zone not covered by the study (4a) is at higher elevations in the 

western mountains and in populated areas in the Caribou and Presque Isle region.   
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Figure 22.  Approximate Study Area Superimposed on Population Density Map 

 
Figure 23.  Approximate Study Area Superimposed on USDA Plant Hardiness Zone Map 
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4.1.2 Metered Home Characteristics 

Ridgeline calculated the heat loss from homes using Amply, a software that uses LIDAR19 sensors built 

into iPads to efficiently gather dimensions of spaces. It also contains an embedded Manual J model20 to 

calculate the heating and cooling requirements of living spaces. The average heat loss for a home in this 

metering sample was 25.7 kBtu/h at 5°F. These homes were relatively small at 1,337 ft2, on average. This 

corresponds to an average heat loss per square foot of approximately 20.3 Btu/h/ft2 at 5°F. Using the 

Amply heat loss models and the Efficiency Maine Technical Reference Manual (TRM) equation for 

annual heat loss mentioned in the Initial AMI Analysis section of this study, Ridgeline estimated the 

average annual heat loss to be 68.5 MMBtu.21 (Table 7). 

 

Overall, approximately 63% of the metered homes had a central fossil fuel boiler or furnace, 35% had a 

wood or pellet stove, 15% had some form of non-central fossil fuel stove, monitor, or through-wall spot 

heating, and 13% had electric resistance heating in the form of electric space heaters, or baseboard 

heaters. This does not indicate that all these forms of heating were used at these homes, and 

sometimes homes had multiple forms of non-heat pump heating available. 

Table 7.  Characteristics of Homes Metered 

Home Summary Statistics 

Count 78 

Average Conditioned Square Footage 1,337 ft2 

Average Heat Loss @ 5°F 25.7 kBtu/h 

Average Heat Loss per Square Foot @ 5°F 20.3 Btu/h/ ft2 

Average Annual Modeled Heat Loss22 68.5 MMBtu 

Average Annual Metered Heat Delivered (all heat 

sources) 
58.9 MMBtu 

Percentage with Two or More Floors Above Grade 41% 

Percentage with Wood Heating 35% 

Percentage with Electric Resistance 13% 

Percentage with Boiler 53% 

Percentage with Furnace 10% 

Percentage with Non-Central, Non-Wood Heat  

(Stove, Monitor, or Through-Wall Heater) 
15% 

 
19 LIDAR (Light Detection and Ranging) is a sensing technology that uses pulses of laser light to measure distances 

and create 3-D models of objects.  For this project, LIDAR is constructing 3-D models of rooms. 
20 Manual J is an ANSI-recognized Air Conditioning Contractors of America (ACCA) standard that provides a detailed 

method for calculating the heating and cooling loads of residential buildings, considering factors like insulation, 

windows, local climate, and building envelope. 
21 Minimum of (installed HP capacity at design temp or reported Heat Load at design temperature) * 186,648 / (Ti-
To) / 1,000,000 where 186,648 is the population weighted average TMY3 heating degree hours, Ti - To is assumed 
to be 70 degrees F, and 1,000,000 converts from Btu to MMBtu. 
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The metered heat delivered on average was about 86% of the modeled heat loss extrapolated to the 

season.  This does not necessarily mean that modeling overestimates heat loss.  If homeowners turn 

down temperatures at night or when they leave, they will use less heat than the design load 

extrapolated to the full season.  Similarly, if homeowners only heat certain zones continuously (e.g., 

they marginally heat a guest bedroom) they will use less heat than the model, but the modeled design 

load will still be correct. 

4.1.3 Metered Heat Pump Characteristics 

All but two of the 78 homes that Ridgeline studied had one or more single-zone ductless heat pumps. 

The other two homes used a central, ducted heat pump. Three of the 78 homes also had a multi-zone 

heat pump (an outdoor unit that provides heat to more than one indoor unit), in addition to either one 

or two single-zone heat pumps. In all, the homes contained 160 outdoor units and 166 indoor units 

(Table 8). The representation of ducted heat pumps in the metering sample reflects that only 2% of the 

heat pumps in the WHHP population are ducted. In all, 41 different heat pump models were metered. 

Table 8.  Homes Investigated by Number of Heat Pumps (Outdoor Units and Indoor Units) 

Count Outdoor Indoor Heat Pump Type 

15 1 1 Single-Zone only 

2 1 1 Ducted 

41 2 2 Single-Zone only 

1 2 3 Both Single-Zone and 2:1 Multi-Zone 

1 2 5 Both Single-Zone and 4:1 Multi-Zone 

15 3 3 Single-Zone only 

1 3 5 Both Single-Zone and 3:1 Multi-Zone 

1 4 4 Single-Zone only 

1 5 5 Single-Zone only 

78 160 166  

 

 Across the 160 heat pumps, the average rated capacity at 47°F (BTUrated47ύΣ ǿƘƛŎƘ ǊŜŦƭŜŎǘǎ !IwLΩǎ 

definition for the nominal heating capacity in Section 3.2.39 of the AHRI Standard 210/240, was 14.5 

kBtu/h. The average maximum capacity at 5°F (BTUmax5) was 16.6 kBtu/h. It is important to note that 

not every heat pump in the metered sample is rated across all these ratings. Some of the older models, 

which were most likely not rebated by the WHHP program, but were already installed in homes, are not 

rated for the updated, more stringent HSPF2, SEER2, and EER2 standards. For one such heat pump in the 

sample, only the rated COP, nominal capacity, maximum capacity at 5°F, and HSPF are known. 

Additionally, the average rated capacity at 5°F (BTUrated5) of these heat pumps is marked as an 

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

 

Table 9 shows the average characteristics of the installed heat pumps. These values are obtained from 

the Air-Conditioning, Heating, and Refrigeration InstituteΩǎ όAHRI) Directory of Certified Product 
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Performance.23 Across the 160 heat pumps, the average rated capacity at 47°F (BTUrated
47), which reflects 

!IwLΩǎ ŘŜŦƛƴƛǘƛƻƴ ŦƻǊ the nominal heating capacity in Section 3.2.39 of the AHRI Standard 210/240, was 

14.5 kBtu/h.24 The average maximum capacity at 5°F (BTUmax
5) was 16.6 kBtu/h. It is important to note 

that not every heat pump in the metered sample is rated across all these ratings. Some of the older 

models, which were most likely not rebated by the WHHP program, but were already installed in homes, 

are not rated for the updated, more stringent HSPF2, SEER2, and EER2 standards. For one such heat 

pump in the sample, only the rated COP, nominal capacity, maximum capacity at 5°F, and HSPF are 

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

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

 

Table 9.  Average AHRI Ratings of Metered Heat Pumps 

 Heat Pump Characteristic Value Sample Size 

 Outdoor Unit Count 160  

Indoor Unit/Outdoor Unit Ratio 1.04  

AHRI 

Directory of 

Certified 

Product 

Performance 

Maximum Capacity @ 47°F (BTUmax
47) 22,130 Btu/h 159 

Rated Capacity @ 47°F (BTUrated
47) 14,501 Btu/h 160 

Minimum Capacity @ 47°F (BTUmin
47) 3,694 Btu/h 159 

Maximum Capacity @ 17°F (BTUmax
17) 18,287 Btu/h 159 

Rated Capacity @ 17°F (BTUrated
17) 9,879 Btu/h 159 

Minimum Capacity @ 17°F (BTUmin
17) 3,594 Btu/h 158 

Maximum Capacity @ 5°F (BTUmax
5) 16,604 Btu/h 160 

Rated Capacity @ 5°F (BTUrated
5) 15,514 Btu/h 138 

Minimum Capacity @ 5°F (BTUmin
5) 2,945 Btu/h 158 

 

While we observed 5 brands of heat pumps, 81% were Mitsubishi or Fujitsu (Table 10). This closely 

mirrors the heavy market dominance of these two manufacturers in the overall program data, as 

discussed in Figure 7 in the initial AMI analysis section of this report. The Mitsubishi units tended to be a 

bit smaller, but examining brand by capacity did not shift the proportions by much. Samsung, Daikin, 

and Gree comprised the remaining 19% of the metered sample. In terms of BTUrated
47, 23% of the heat 

pumps in the sample were smaller than 12,000 Btu/h, 46% were between 12,000 and 17,999 Btu/h, and 

31% were greater than 17,999 Btu/h. 

  

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

24 From AHRI Standard 210/240 Section 3.2.39: Nominal Heating Capacity is defined as a capacity approximately 
equal to the heat pump capacity tested at the H1Nom condition which is the test condition for the reported Rated 
Capacity @ 47°F (BTUrated

47). 

https://www.ahridirectory.org/
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Table 10.  Heat Pumps by Make and Size of Outdoor Unit 

Size Range (Rated Capacity at 47°F (BTUrated
47)) 

(Counts) 
Less than 

12,000 Btu/h 

12,000 to 

14,999 Btu/h 

15,000 to 

17,999 Btu/h 

Greater than 

17,999 Btu/h 
Total % 

Mitsubishi 28 16 20 14 78 49% 

Fujitsu 0 13 7 31 51 32% 

Samsung 1 12 2 3 18 11% 

Daikin 5 3 0 1 9 6% 

Gree 3 1 0 0 4 2% 

Total 37 45 29 49 160 100% 

% 23% 28% 18% 31% 100%  
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5 METERED HEAT PUMP ELECTRICAL USE 

 

This chapter discusses the electrical usage of the heat pumps metered from December 2024 through 

April 2025. Across the 78 homes in the metering sample, the average metered annual heat pump usage 

was 3,438 kWh per home and 1,676 kWh per heat pump. Since few meters were installed before 

December 1, 2024, metered electrical use needed to be annualized to the entire 2024-25 heating season 

to account for the fall 2024 shoulder season. 

5.1.1 Annualization of Metered Electrical Use 

 

Using heating degree days (HDD) for the season obtained from local weather stations, a ratio of metered 

heating degree days to total season heating degree days was calculated and applied to extrapolate the 

metered data. This metered kWh annualized to 2025 is discussed in this chapter. 

 

Across all 78 homes, 70% of the total HDD for winter 2024-25 were metered. To account for the 

remaining HDD, each home was assigned to its nearest weather station using EMTΩǎ weather station to 

zip code matching keys. Figure 24 shows the distribution of homes colorized by their matched weather 

station. Hourly outdoor temperature data was then collected for the full heating season (October 1, 

2024, through April 30, 2025) from the 10 matched weather stations. Using a 65°F HDD base, the HDDs 

measured during the metering period for each heat pump and the total HDDs for the entire season at 

each weather station were calculated. The metered data was then extrapolated to the full 2024-25 

season by applying this ratio of HDDs between the metered period and the entire season. 

Figure 24.  Map of Homes Binned by Annualization Region 
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Figure 25 shows the recorded outdoor air temperatures (OA) from the 10 matched weather stations 

against the average outdoor temperature readings from all homes grouped with each station. As 

expected, the readings align closely across all weather stations. On average, the correlation coefficient 

between local weather stations and on-site temperature sensors was 0.83 for overlapping periods. 

While the metered outdoor temperatures generally aligned closely with the matched weather station 

data, some variation remains due to localized temperature differences. 

 

Figure 25.  Comparison of Outdoor Air Temperature (OA) between Local Weather Stations and the 

Averages of the Grouped Homes (n = 78) 
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5.1.2 Trends in Metered Electrical Use 

 

This section shows the heat pump electrical use across the 78 homes and 160 heat pumps metered. The 

figures in this section use the following lines and markers to show annual electricity consumption by 

heat pumps as calculated with these methods (Table 11).  

 

Figure 26 through Figure 28 show, as a black line, the 2024-25 metering averages for heat pump kWh at 

the home for sampled negative, low, and medium heat pump use as identified by the AMI analysis. To 

compare to the metering data, the weather-dependent regression model from the 2024-25 Refresh AMI 

Analysis (Chapter 9) was applied to actual weather data for the 2024-25 heating season from October 1, 

2024, through April 30, 2025, as opposed to TMY3 conditions.  The average results from the Refresh AMI 

regressions for these 78 sites areshown as a red dashed line in Figure 26. This AMI Refresh analysis and 

comparison with the metering results are discussed more thoroughly in Section 9.4.25 

 

For reference, average results for the total extrapolated WHHP population are shown as the blue 

dashed line in the figures in this section. Electricity use was extrapolated to the entire population by first 

developing a ratio of the Refresh AMI analysis to the metering results for the 78 metered homes. These 

full population extrapolated results are discussed more thoroughly in Section 9.4.1. This sample of 1,003 

homes includes homes categorized as Negative, Low, Medium, and High, so the results from this group 

cannot be directly compared to the other calculation methods, which only include metered homes 

categorized as Negative, Low, and Medium. Again, the metering was intended to check on the lower 

users. The total extrapolated WHHP population also represents an annualization based on TMY3 data, 

not actual 2024-25 weather data.  

 

Additionally, results from the 2023-2024 Initial AMI Analysis (Chapter 3) for 77 out of the 78 metered 

homes are included in   

 

25 The results in Section 9.4 may differ to those shown here in Section 5.1.2 due to differences in sample size and 

filtering. 
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Table 11 for comparison (and are shown as a yellow dashed line in the following figures). These initial 

results are annualized using TMY3 data and are therefore not directly comparable to the metering data.  
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Table 11.  Summary Statistics for Electricity Use by Heat Pumps  

Method 

Name 
Marker N 

Usage 

Groups 
Calculation Method 

kWh / 

Home 

kWh / 

HP 

kWh / 

kBtuRated
47 

2024-25 

Metering 

Solid 

Black 

Line 

78 N, L, M 

Measured by on-site 

metering equipment during 

winter 2024-25, for homes 

characterized by 2024 AMI 

as negative, low, or medium 

users (annualized to entire 

heating season 2024-25). 

3,438 1,676 115 

2024-25 

Refresh AMI 

Analysis 

Red 

Dashed 

Line 

78 N, L, M 

Modeled using refreshed 

AMI data from winters 

2023-24 and 2024-25 

(annualized to heating 

season 2024-25). This is 

discussed in Chapter 9 of 

this report. 

3,403 1,659 114 

2023-24 

Initial AMI 

Analysis 

Yellow 

Dashed 

Line 

77 N, L, M 

Modeled using AMI data 

from winter 2023-24 

(annualized to TMY3). This is 

discussed in Chapter 3 of 

this report. 

2,845 1,378 95 

2024-25 

Metering & 

AMI 

(WHHP 

Population) 

Blue 

Dashed 

Line 

1,003 
N, L, 

M, H 

Modeled using refreshed 

AMI data from winters 

2023-24 and 2024-25 

(annualized to TMY3). This is 

discussed in Chapter 9 of 

this report. 

4,904 2,229 143 

 

Figure 26 shows the annual metered electricity consumption by heat pumps per home or household. 

Usage per metered household averaged 3,438 kWh per year, and it varied somewhat, with nearly 13% 

of homes using less than 2,000 kWh per year and nearly 33% using more than 4,000 kWh per year.  The 

2023-24 Initial AMI annual heat pump electricity consumption averaged 2,845 kWh per home, below the 

other two methods. When extrapolating to the entire program population with the high heat pump 

usage category included, the average heat pump electricity use increases to 4,904 kWh per household 

per year. This whole program extrapolation is discussed more in Section 9.4.1. 
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Figure 26.  Heat Pump Heating Electricity Use by Household (n = 78) 

 
  

Figure 27 shows annual electricity consumption by heat pumps per household normalized to the 

household rated capacity of the heat pumps at 47°F as reported by AHRI (kBturated
47). The average 

household electricity use is 3,438 kWh and the average installed capacity of heat pumps is 29.8 

kBturated
47 per household.  The average normalized usage is 115 kWh per kBturated

47 for metered homes.  

We expected that normalizing household electricity use by heat pump capacity would decrease 

variability and cause the data to revert to the mean. Specifically, we figured that a household with lower 

electricity use would also have smaller heat pumps and that the largest electricity users would have 

more heat pump capacity. From the analysis, the coefficient of variation (CV) for kWh is 0.443 and the 

CV for kWh / kBturated
47 is 0.487, a slight increase in data dispersion. Given that normalization increased 

the data spread, electricity use does not apparently correlate with heat pump size.  
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Figure 27.  Normalized Heating Electricity Use by Household kWh per kBturated
47 (n = 78) 

 
 

Figure 28 shows annual metered electricity consumption per heat pump. Usage per metered heat 

pump averages 1,676 kWh per year, where use varies widely among heat pumps. Electricity usage is a 

function of user behavior, zoning in the home, and the size and efficiency of the heat pump. For 

example, a 12,000 Bturated
47 unit operating at half capacity at 30°F, might only draw 600W. Even 3,000 

hours at this operating point would barely exceed the mean value on this graph. The average metered 

usage per heat pump of 1,676 kWh is roughly half of the home-level average of 3,438 kWh as there 

were approximately 2.05 heat pumps per metered home. 

 

Figure 28.  Heating Electricity Use by Heat Pump (n = 160)  
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Using the metered data, Ridgeline then analyzed trends in heat pump power versus outdoor 

temperature and time of day. Figure 29 presents the average power usage of metered units versus 

outdoor air temperature. It shows both the average power of all units across the sample in orange 

(dotted) and only units that are actively operating in green (solid).  

 

For Figure 29 through Figure 32, ƘŜŀǘ ǇǳƳǇǎ ŀǊŜ ŎƻƴǎƛŘŜǊŜŘ άŀŎǘƛǾŜƭȅ ƻǇŜǊŀǘƛƴƎέ όƻǊ άhƴέύ if they draw 

power greater than a designated power threshold that scales positively with heat pump capacity. These 

thresholds are greater than zero to discount any small power loads, small metering noise, and low-

power fan-only modes. These thresholds were also visually inspected to ensure that they accurately 

capture operational time only. The average power threshold across all 160 heat pumps was 0.175 kW, 

with the minimum being 0.150 kW. As heat pump capacity and size increase, this threshold increases. 

For example, a small unit with a 6,000 Bturated
47 would have a power threshold of 0.150 kW, but a larger 

24,000 Bturated
47 ducted unit could have a higher power threshold of up to 0.300 kW. This is to ensure 

that only time periods with relatively significanǘ ǇƻǿŜǊ ŘǊŀǿ ŀǊŜ ŎƻƴǎƛŘŜǊŜŘ άƻƴέ ǿƛǘƘƻǳǘ unnecessarily 

discounting operation of smaller units. 

 

Across the entire sample of 160 heat pumps, the average power draw peaks at 0.8 kW, at -10°F. As 

expected, the average power draw decreases as temperatures increase due to decreasing heating needs 

and increasing efficiency. Looking at only the heat pumps actively operating, the average power draw 

follows a similar shape but is higher. The ratio of the average power draw of all heat pumps versus 

operating heat pumps is about 0.8 at low temperatures, and it is about 0.5 for warm temperatures, 

showing the impact of load diversity at warm temperatures and low home heating loads. If all heat 

pumps were used to heat for all temperatures, one would expect the two curves to move closer 

together at very low temperatures. Instead, the power curve of all heat pumps flattens out at 0°F, 

possibly indicating that a portion of heat pumps switch off at 0°F. 

Figure 29.  Average Electrical Power of All Heat Pumps vs. Outdoor Temperature (n = 160)  
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Figure 30 shows the average winter day power usage of metered units by time of day. The άaverage 

winter dayέ is based on temperatures across all metered days from late November through early May. 

Average heating demand ranges from about 0.3 to 0.5 kW. The peak load occurs from 6 to 7 A.M., which 

is the coldest portion of most days (around dawn) and is when many families wake up. The minimum 

load occurs in early afternoon, around 1 to 2 P.M., when many occupants are away from home and 

outdoor temperatures rise. 

Figure 30.  Average Power Consumption vs. Time of Day per Heat Pump (n = 160) 

  
 

Figure 31 shows the average power consumption across all heat pumps in the metering sample for 

January 22, 2025, the coldest day of the 2024-25 metering period. On this day, average site 

temperatures fell below -5°F, and peak power exceeded 1 kW per heat pump, on average. Compared to 

the average winter day, the peak occurred an hour later, between 7 and 8 A.M.  
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Figure 31.  Average Power Consumption vs. Time of Day for Coldest Day (1/22/25) in Metering Period, 

per Heat Pump (n = 160) 

  
 

To investigate potential regional differences in heat pump usage, the time-of-day analysis was replicated 
on four individual regions within the larger metered sample. Figure 32 shows the average power of all 
heat pumps grouped into these four regions: Auburn-Lewiston, Augusta, Bangor, and Portland. Although 
the sites were annualized using 10 unique weather stations, we grouped each site into one of these four 
regions to preserve the individual group sample sizes for comparison. Heat pumps were assigned to 
cities based on closest geographic proximity, and the resulting regions closely align with the EffRT WHHP 
program data design locations. Figure 33 maps the homes by their assigned region: yellow for Portland, 
green for Auburn-Lewiston, blue for Augusta, and orange for Bangor. Note that these reporting region 
bins are distinct from the 10 weather stations used in the annualization to the entire winter 2024-25 
season. 
 
When comparing the 4 regions, one can see that the Bangor region experienced the coldest average 
temperatures and that the Portland region experienced the highest on January 22, 2025. Additionally, 
the average power draw of operating heat pumps in the Bangor region peaked at the highest levels of 
around 1.3 kW at 8 A.M. The Augusta and Portland regions both experienced the lowest peaks around 
approximately 1 kW. Notably, there appears to be a smaller difference between the average power 
draw of all heat pumps and all actively operating heat pumps in the Portland region, suggesting that 
homes in the Portland region had higher metered heat pump usage rates on the coldest day of the year 
compared to the other regions. More on these regional differences in heat pump power is discussed in 
Appendix D: Regional Differences in Heat Pump Operation. 
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Figure 32.  Average Power Consumption vs. Time of Day for Coldest Day (1/22/25) in Metering Period 

Across 4 Regions (n = 160) 
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Figure 33.  Map of Homes Binned by 4 Reporting Regions 
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6 METERED HEAT DELIVERED BY ALL HEAT SOURCES 

 

This chapter discusses the heat output metered by Ridgeline across all heating sources at the 78 homes 

in the metering sample. As previously mentioned, Ridgeline metered the heat output from not only the 

heat pumps but also across all boilers, furnaces, spot fossil heaters, wood and pellet stoves, and electric 

resistance elements present at a given home. 

6.1 METERED HEAT PROVIDED BY HEAT PUMPS 

Firstly, narrowing in on the heat pumps only, Figure 34 shows the heating provided by heat pumps to 

the 78 metered homes, delivering a mean value of 37 MMBtu per home per year. Extrapolating this 

value to include homes originally categorized as High users that were omitted from the metering 

sample, as discussed in Section 9.4.1 of this report, the average heating delivered by heat pumps rises to 

52 MMBtu per home per year. For context, 1 MMBtu is equivalent to about 9 gallons of fuel oil at a 

boiler or furnace effective efficiency of 80%.26 The average heat provided by these heat pumps is thus 

equivalent to about 468 gallons of fuel oil. Based on the average home size of metered homes, 1,337 

square feet, this is about one-third of a gallon of oil per square foot per year. 

 

Figure 34.  Annual Heating Provided by Heat Pumps by Household (n = 78) 

 

 

The heating outputs normalized by household kBTUrated
47 are shown in Figure 35. The pattern of the 

curve is similar, but the apparent outlier on the right side of the non-normalized graph is transformed 

 
26 While nominal combustion efficiencies can be higher than this, heat is lost in piping, duct leakage, and at the 
furnace or boiler.  Effective efficiency reflects how much heat ultimately enters the occupied space.  
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into a smooth curve of high users. The average normalized heating output to kBturated
47 was 1,241 hours 

among the metered sample and 1,535 hours among the entire WHHP population. 

Figure 35.  Household Heating Provided by Heat Pumps Normalized by kBtuRated
47 (n = 78)  

 
 

The heating statistics discussed in this chapter are summarized in Table 12. The average heat provided 

per household in the metered sample of homes previously categorized as Negative, Low, and Medium 

users was 37 MMBTU per year, and this value increased to 52 MMBTU per year when High users are 

extrapolated in. The table also shows statistics per heat pump and statistics normalized by heat pump 

capacity. 

Table 12.  Summary Statistics for Heating Provided by Heat Pumps  

Method 

Name 
Marker N 

Usage 

Groups 
Calculation Method 

MMBtu 

/ Home 

MMBtu 

/ HP 

kBtu / 

kBtuRated
47 

2024-25 

Metering 

Solid 

Black 

Line 

78 N, L, M 

Measured by on-site 

metering equipment 

during winter 2024-25, 

for homes characterized 

by 2024 AMI as negative, 

low, or medium users 

(annualized to entire 

heating season 2024-25). 

37 18 1,241 
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2024-25 

Metering & 

AMI 

(WHHP 

Population) 

Blue 

Dashed 

Line 

1,0

03 

N, L, 

M, H 

Modeled using refreshed 

AMI data from winters 

2023-24 and 2024-25 

(annualized to TMY3). 

This is discussed in 

Chapter 9 of this report. 

52 24 1,535 

 

Now, stepping down to the heat pump level, Figure 36 shows the heating provided by all 160 heat pump 

outdoor units in the metering sample. The mean value was 18 MMBtu per heat pump per year, and 

there was a large range of heating outputs across the sample. When extrapolating to the entire WHHP 

population with the High users tied in, this average increases to 24 MMBtu per heat pump per year. 

Nearly 30% of the heat pumps provided less than 10 MMBtu per year.27  

 

The heating outputs normalized by heat pump capacity are shown in Figure 37. The pattern of the curve 

is similar. The average normalized heat output by kBtuRated
47 remained at 1,241 hours for the metered 

sample and 1,535 hours for the entire WHHP population. 

 

Figure 36.  Heating Provided per Heat Pump Unit (n = 160)  

 

 
27 For reference, 10 MMBtu is equivalent to the heat output of 90 gallons of oil, combusted at 80% effective 

efficiency. 
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Figure 37.  Heating Provided per Heat Pump by kBturated
47 (n = 160)  

 
 

6.2 METERED HEAT PROVIDED BY ALL HEAT SOURCES 

 

6.2.1 Metered Heat versus Outdoor Temperature 

Figure 38 shows the rate of metered heat provided by five sources of heat ς heat pumps, central fossil 

fuel systems, spot fossil fuel systems, wood and pellet stoves, and other non-heat pump electric heating 

systems ς across a range of outdoor air temperatures. As expected, the average heat provided to 

ōŀƭŀƴŎŜ ŀ ƘƻƳŜΩǎ ƘŜŀǘ ƭƻǎǎ ƛǎ roughly linear from nearly no heat needed at 62°F to maximum heat 

needed at -14°F. Heat provided by heat pumps rises linearly until about 6°F, then levels off. 
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Figure 38.  Average Heat Contributed by Heat Source versus Outdoor Temperature (n = 78) 

 

 
 

To gain a clearer picture of non-heat pump use, Figure 39 shows the balance of heat (beyond what was 

provided by the heat pumps) from non-heat pump sources. Very little heat is provided by fossil fuels 

above 40°F, and this little amount of heating above 40°F is likely from several homes that, even though 

they have heat pumps, heat exclusively with fossil fuels. Fossil fuel use rises below 10°F, where heat 

pump utilization plateaus, as shown in Figure 38.  Since outdoor temperatures ranging from 10°F to 40°F 

are the most frequent, increased fossil use at temperatures below 10°F (less frequent) has a modest 

annual impact. While there are many hours with temperatures above 40°F, little heat is needed. Wood 

heat is also barely used above 40°F, and wood accounts for a roughly static portion of heat provided 

below 30°F. 

 

Although 13% of homes in this study possessed some form of electric resistance (ER) heating, only one 

home regularly used it. Of the two ducted heat pumps in the study, one had auxiliary ER but did not use 

it based on interviews and metering, and the other did not have any auxiliary ER. Spot fossil fuel heating 

also had marginal impacts on the total average heating load across the metered sample. 
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Figure 39.  Balance of Heating Provided by Non-Heat Pump Heat Sources versus Outdoor Temperature 

(n = 78) 

 
Re-examining Figure 38 and removing the five lowest users of heat pumps that rarely use their heat 

pumps for heating, shifts the curve slightly, where little fossil fuel use occurs above 30°F (Figure 40). 

Removing the lowest five homes, a subset of the WHHP population that has less-than-expected heat 

pump utilization, from the metering sample is representative of removing the lowest 4% from the 

general WHHP population. These lowest five homes were identified based on the percentage of total 

household heat provided by heat pumps. 

 

Figure 40.  Average Heat Contributed by Heat Source by Outdoor TemperatureτLowest 5 Removed (n = 

73)  
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Going further and removing the bottom third of users of heat pumps from the sample of metered 

homes focuses on the use cases in which behavior and zoning made better use of their heat pumps. 

Removing the lowest one-third of homes, a subset of the WHHP population that has less-than-expected 

heat pump utilization, from the metering sample is representative of removing the lowest 22% from the 

general WHHP population. As shown in Figure 41, there is little fossil fuel use at 10°F, and even at 0°F, 

fossil use is modest compared to heat pumps among the two-thirds of homes that made better use of 

their heat pumps.  

 

Figure 41.  Average Heat Contributed by Heat Source by Outdoor TemperatureτLowest Third Removed 

(n = 53)  

 
 

To examine what is possible in homes that make better use of their heat pumps, we examined the one-

third of metered homes that demonstrated a higher percentage of total heat provided by heat pumps 

and removed the remaining two-thirds of the metered homes. The results are shown in Figure 42. 

(Recall also that the metered sample represents only the lower two-thirds of the population by heat 

pump electric use). Removing two-thirds of the metered sample is like removing the lower 45% of the 

total population, that is, about half.  Considered this way, Figure 42 is encouraging. Among this 

population, the portion of heat provided by fossil fuels is very low, showing that many homes can and 

do rely completely on heat pumps for heating.  
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Figure 42.  Average Heat Contributed by Heat Source by Outdoor TemperatureτLowest Two-Thirds 

Removed  

(n = 26) 

 
 

 

6.2.2 Metered Heat Output by Heat Source 

 
The proportion of heat (MMBtu) provided by the five heat sources noted previously across all 
temperatures and all homes is shown in Figure 43. As previously discussed, the metered sample is 
representative of the bottom 67% of the general WHHP population in terms of cold-weather-dependent 
electric use (since the top-performing one-third of users were excluded from the metering study). 
Across the sample, including homes that use their heat pumps infrequently, heat pumps provide about 
64% of the total heat. Central fossil heating through boiler and furnace use represents the second 
largest portion at 24%. 
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Figure 43.  Heating Provided to All Metered Homes by Heat Source (n = 78) 

 
 

Removing the bottom 10 homes that infrequently use their heat pumps for heating (< 0.8 MMBtu /  
kBtuRated

47), heat pumps provide about 73% of heat (Figure 44). This value is representative of program 
results if those homes that effectively do not use their heat pumps for heating could be screened out of 
the program, or their heat pump use increased to that achieved by the remaining 68 metered homes. 

Figure 44.  Heating Provided to Metered Homes by Heat SourceτLowest 10 Removed (n = 68) 
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The percentages in Figure 43  and Figure 44 reflect homes that were originally categorized by AMI as 

exhibiting negative, low, and medium levels of usage. If we repeat the analysis above and extrapolate to 

the entire population metered and not metered, we get the heating percentages as shown in Table 13. 

 

Table 13.  Relative Contribution to Home Heating, by Heat Source  

Analysis 
Heat 

Pump 
Wood Fossil 

Usage 

Groups 
Comments 

Metering 

Analysis 
64% 10% 26% N, L, M 

Metered lowest two-thirds of heat 

pump users. 

Whole 

WHHP 

Population 

71% 10% 19% N, L, M, H 
Extrapolated to WHHP program 

population. 

Metering ς 

lowest 10 

removed 

73% 9% 18% N, L, M 

Removed the lowest 10 users, 

simulating program incentivizing 

heating users only, but still for the 

lowest two-thirds of users. 

WHHP 

Population 

ς bottom 

9% 

removed 

77% 9% 14% N, L, M, H 

Removed the lowest 10 users and 

extrapolated to WHHP program 

population. 

 

To gain a better understanding of the heating distribution at the individual home level, stacked column 

charts like Figure 38 were produced for each home in the metering sample. Figure 45 shows the results 

at a single home (Home # 147) equipped with two heat pumps having capacities of 14 kBtuMax
5 and 11 

kBtuMax
5, respectively. ¢ƘŜǎŜ ƘŜŀǘ ǇǳƳǇǎ ŀǊŜ ŎŀǇŀōƭŜ ƻŦ ǇǊƻǾƛŘƛƴƎ ŀƭƭ ƻŦ ǘƘŜ ƘƻƳŜΩǎ ƘŜŀǘƛƴƎ ƴŜŜŘs at 5°F, 

which is roughly 24,000 Btu/h. The graph shows that the home continuously used its heat pumps, even 

during the coldest temperatures of the winter, but also used the boiler for heating any time the outdoor 

temperature sank below 40°F. This concurrent operation of the boiler with the heat pumps blunts 

additional heat pump use below that temperature. In Home #147, the heat pumps provided about 70% 

of the homeΩs heat in the 2024-25 winter season. 
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Figure 45.  Home #147: Frequently used Mitsubishi 12 kBtuRated
47 unit and 

less frequently used 6 kBtuRated
47 unit 

 
Figure 46 shows the annual heat output distribution (MMBtu) for the four regions binned in Section 
5.1.2 of this study. For each region, we calculated a region-specific average heating output distribution 
in Btu/h and applied it to the outdoor air temperature distribution from the nearest weather station for 
the 2024-25 heating season. 
 
While the graphs vary slightly, they show that most heat is delivered for temperatures between 10°F 
and 40°F, ŀƴŘ ǘƘŜǎŜ ŀǊŜ ǘƘŜ ǘŜƳǇŜǊŀǘǳǊŜǎ ŎǊƛǘƛŎŀƭ ǘƻ ŀ ƘŜŀǘ ǇǳƳǇ ŘŜƭƛǾŜǊƛƴƎ ǘƘŜ ƳŀƧƻǊƛǘȅ ƻŦ ŀ ƘƻƳŜΩǎ 
heat. Home 147 in Figure 45 is located in the Bangor area, and that figure shows that, had the 
homeowner turned on the boiler at 5°F instead of 40°F, considerably more of the homeΩs annual heat 
load would have been provided by heat pumps. 
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Figure 46.  Heating Across Cities (n = 78) 

 
 

Examining the sources providing heat across the 78 metered homes, homes that use the most total heat 
generally use substantial amounts of heat from other (non-heat pump) sources (Figure 47). Re-sorting 
homes by amount of heat pump use, homes that use their heat pumps the least make substantial use of 
other heat sources, as expected (Figure 48). It appears that the lowest users of heat pumps include 
some of the higher users of total heating.   
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Figure 47.  Contributions to Total Heating by Heat Source, per Metered Home (n = 78) 

 

Figure 48.  Contributions to Total Heating by Heat Source, per Metered Home, Ordered by Heat Pump 

Output (n = 78) 

 
 

Combining the previous graphs with percentage of heat provided by heating source, it is notable that 

several of the lowest users of heat pumps are among the higher users of total heat (Figure 49). Sorting 

by percentage of heat provided by heat pumps, the pattern is more pronounced. The lowest users of 
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heat pumps, by percentage of heat load met by heat pumps, include the four highest users of heat and 

half of the 15 highest users of heat (Figure 50).    

Figure 49.  Contributions to Total Heating by Heat Source, per Metered Home, Ordered by Heat Pump 

Output, with Percent Heat Pump Heating  

(n = 78) 
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Figure 50.  Contributions to Total Heating by Heat Source, per Metered Home, Ordered by Percent Heat 

Pump Heating (n = 78) 

 
 

6.2.3 Metered Supply and Return Temperatures 

Figure 51 is a histogram that shows the frequency of temperature readings of supply and return air for 

all indoor units metered. The most frequent return temperature was 72.5°F, with most readings 

occurring from 68°F to 78°F. Nearly all readings were between 65°F and 80°F. (The small peak at 40°F 

may indicate that several homes set their temperatures to a minimal setting for a period while the 

occupants were away from the home.) While the return temperature is indicative of the temperature of 

the heated space, it is generally higher than the temperature experienced by occupants. This occurs 

because nearly all units are wall-mounted near the ceiling. Due to stratification of room temperatures, 

the temperature near the ceiling is typically higher than the temperature nearer the floor where 

occupants reside.   

 

The supply (heating) air temperature had a broad peak between 80°F and 120°F, with warmer 

temperatures in the 120°F to 140°F range. The heating temperature will depend on internal algorithms 

of the heat pump and outdoor temperatures. At very cold temperatures, supply temperatures may drop 

with capacity. 
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Figure 51.   Supply Air (SA) and Return Air (RA) Temperature Frequency (n = 166) 

  
 

In order to assess the impact of outdoor temperature on heat pump supply temperatures, the metered 

supply temperatures were also plotted for outdoor temperatures from -18°F to 62°F in Figure 52. Each 

box and whiskers plot represents the distribution of the maximum supply air temperature recorded 

across all 166 indoor heat pump units within each 2-degree temperature bin. The intent was to see if the 

maximum supply temperatures declined with decreasing outdoor temperature as one might expect.  

Overall, the readings vary because heat pumps have variable speed compressors and fans, and they may 

ramp temperatures down when setpoints are nearly met. The upper whiskers of the box and whisker 

plots show that readings above 120°F supply air occur down to -15°F, near the minimum rated 

temperature for most heat pumps. The median peak supply air temperature is highest at approximately 

123°F at outdoor temperatures around 35°F, and the median supply air temperature declines at lower 

and higher outdoor temperatures. The lower box or 25th percentile temperature is at or above 100°F 

down to -18°F, the lowest temperature observed. 
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Figure 52.  Maximum Supply Air Temperature Across All Outdoor Air Temperatures  
for Each Heat Pump Indoor Unit (n = 166) 
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7 METERED HEAT PUMP OPERATING EFFICIENCY 

 

7.1.1 Coefficient of Performance (COP) 

¢ƘŜ /ƻŜŦŦƛŎƛŜƴǘ ƻŦ tŜǊŦƻǊƳŀƴŎŜ ό/htύ ƛǎ ǘƘŜ ǎƛƳǇƭŜǎǘ ƳŜŀǎǳǊŜƳŜƴǘ ƻŦ ŀ ƘŜŀǘ ǇǳƳǇΩǎ ǇŜǊŦƻǊƳŀƴŎŜ ŀƴŘ ƛǎ 

equal to the ratio of the energy of heat delivered to the energy of electricity required to achieve this 

heat transfer (measured in the same units). COP values for heat pumps designed to perform in cold 

climates typically range from 2 at colder temperatures to 5 at 47°F due to partial loading at low heating 

loads. This indicates that heat pumps can deliver 2 to 5 units of heat for every unit of energy consumed.  

 

Figure 53 shows the average measured COP across all 166 metered heat pump indoor units. These 

values were calculated by dividing the total heating energy output across all units by the total electric 

energy used by all units within each 2-degree temperature bin. The heating COP decreases with 

decreasing evaporating (outdoor) temperatures primarily due to the increased difference between 

outside and desired indoor temperatures. Metered COP averaged 2 at-10°F. This means that even for 

these very cold temperatures, heat pumps are still twice as efficient as electric resistance. The average 

combined field-metered heating COP across all outdoor temperatures was 3.15, which includes energy 

used for defrosting. 

Figure 53.  Average Measured COP vs. Outdoor Air Temperature 
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7.1.2 Manufacturer-Reported Heat Pump Efficiency Ratings 

Heat pumps are rated several ways. Manufacturers publish: 

¶ Coefficient of Performance (COP): This is reported at minimum, maximum, and rated capacities 

for outdoor air temperatures of 47°F, 17°F, and 5°F. Temperatures at which COPs are reported 

below 5°F vary between -5°F to -22°F and differ among manufacturers. COPs are unitless. 

¶ Heating Seasonal Performance Factor (HSPF and HSPF2): This is a single seasonal factor that 

captures ŀ ƘŜŀǘ ǇǳƳǇΩǎ ƻǾŜǊŀƭƭ ƘŜŀǘƛƴƎ ǇŜǊŦƻǊƳŀƴŎŜ over a prescribed set of operating 

conditions (indoor temperatures, outdoor temperatures, and compressor settings) that 

represent a full heating season in Region IV (mid-Atlantic). The units for an HSPF or HSPF2 rating 

are Btu/Wh, and the HSPF and HSPF2 factors can be derived from ~3.412 (Btu to Wh conversion 

rate) times an equivalent COP. HSPF2 is the more recently updated rating, and it better 

represents actual heating conditions. For example, the external static pressure is raised from 0.1 

to 0.5 inches of water column for ducted systems, which is a more field-representative value. To 

better simulate performance in colder climates, the average outdoor temperature used in the 

HSPF2 testing procedures is lower than the one used for the original HSPF calculation.  

¶ Seasonal Energy Efficiency Ratio (SEER2): This is the ratio of the total cooling energy output over 

a prescribed set of operating conditions (indoor temperatures, outdoor temperatures, and 

compressor settings) that represent a full cooling season in Region IV (mid-Atlantic) to the total 

electric energy input over the same period. SEER2 is the more stringent update to SEER. 

¶ Energy Efficiency Ratio (EER2): This is the ratio of cooling energy to electric energy consumed at 

95°F. EER2 is the more stringent update to EER. 

 

Manufacturer-reported values for these ratings were obtained for all 160 heat pumps in this study from 

NƻǊǘƘŜŀǎǘ 9ƴŜǊƎȅ 9ŦŦƛŎƛŜƴŎȅ tŀǊǘƴŜǊǎƘƛǇǎΩ όb99tύ Cold Climate Air Source Heat Pump List.28 These ratings 

ǊŜŦƭŜŎǘ ǘƘƻǎŜ ŘƛǎŎǳǎǎŜŘ ŜŀǊƭƛŜǊ ƛƴ !IwLΩǎ Directory of Certified Product Performance.29 Refer to the AHRI 

Standard 210/240: Performance Rating of Unitary Air-conditioning and Air-source Heat Pump Equipment 

for more information on these tests and ratings.30   

 
28 Northeast Energy Efficiency Partnerships. ccASHP Specification & Product List. 

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

30 Air-Conditioning, Heating, and Refrigeration Institute. AHRI Standard 210/240-2024 (I-tύΥ άtŜǊŦƻǊƳŀƴŎŜ wŀǘƛƴƎ ƻŦ 
Unitary Air-conditioning and Air-ǎƻǳǊŎŜ IŜŀǘ tǳƳǇ 9ǉǳƛǇƳŜƴǘΦέ  

https://neep.org/heating-electrification/ccashp-specification-product-list
https://www.ahridirectory.org/
https://www.ahrinet.org/system/files/2024-05/AHRI%20Standard%20210%20240-2024%20%28I-P%29_0.pdf
https://www.ahrinet.org/system/files/2024-05/AHRI%20Standard%20210%20240-2024%20%28I-P%29_0.pdf
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Table 14 shows the average ratings of all heat pumps in the metering study. It is important to note that 

not every heat pump in the metered sample is rated across all these ratings. Some of the older models, 

which were most likely not rebated by the WHHP program but were already installed in homes prior to 

participating in the WHHP program, are not rated for the updated, more stringent HSPF2, SEER2, and 

EER2 standards. For one heat pump found in the sample, only the rated COP, nominal capacity, 

maximum capacity at 5°F, and HSPF are known. 

  



77 

 

Table 14.  Manufacturer-Reported Ratings for Metered Heat Pumps 

 Outdoor Air Temperatures (OA) 

Ratings (n = 160) 47°F 17°F 5°F 

Min Capacity (Btu/h) (BTUmin
OA) 

3,694 

(n = 159) 

3,594 

(n = 158) 

2,945 

(n = 158) 

Max Capacity (Btu/h) (BTUmax
OA) 

22,130 

(n = 159) 

18,287 

(n = 159) 

16,604 

(n = 160) 

COP at Min Capacity (COPmin
OA) 

4.66 

(n = 158) 

3.02 

(n = 158) 

2.63 

(n = 158) 

COP at Max Capacity (COPmax
OA) 

2.95 

(n = 158) 

2.40 

(n = 158) 

2.21 

(n = 158) 

HSPF (Btu/Wh) 12.9 (n = 157) 

HSPF2 (Btu/Wh) 11.4 (n = 146) 

SEER2 (Btu/Wh) 25.9 (n = 146) 

EER2 (Btu/Wh) 14.9 (n = 146) 

 

Manufacturers also publish engineering tables that show maximum heating capacity and electricity 

input versus outdoor temperature.31  Table 15 shows an example of one of these tables for a 12,000 

BtuRated
47, 12 HSPF unit. 

Table 15.  Example Heat Pump Engineering Data 

 
 

In the table at the highlighted heat output of 18,800 Btu/h at 43°F, the COP can be calculated by the 

following equation: 

 

#/0
  Ȣ

 = 
ȟ

ȟ   Ȣ
 σȢυσ 

 

Where: 

 
31 The table shows maximum heating capacity, and the actual operation will follow this table when full capacity is 

used at colder temperatures.  At temperatures above freezing for example, the capacity is not fully used, and one 

would expect higher efficiencies.  Some manufacturers publish a second table showing rated inputs at partial load 

capacities.   
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TC =  Total Capacity in kBtu/h 

PI =  Power in kW 

 

Only a fraction of the 18,800 Btu/h that the heat pump could provide at 43°F would be needed. If the 

heat pump were sized to just meet needs at -4°F, then the heat pump would only need to provide (70 -

43) /  (70 - (-4)) *  11,580 = 4,225 Btu/h, or about 22% of the heat capacity at 43°F. 

 

7.1.3 Field-Metered COP versus Manufacturer-Reported COP 

In Figure 54, the field-metered COPs are compared against the average manufacturer-reported ratings 

for 47°F, 17°F, and 5°F. The average, field-metered COPs run between the reported manufacturer 

ratings. The average reported COP at the maximum capacity at the lowest catalogued temperature in 

the AHRI directory is 1.85 across the sample. The lowest catalogued temperature differs between 

models and manufacturers and ranges from -4°F to -22°F. The average lowest catalogued temperature 

was -15°F in the metered sample.  

Figure 54.  Average Field-Metered COP and Manufacturer-Reported COP vs. Outdoor Air Temperature  

 
 

Figure 55 shows both the field-metered COP and the AHRI-reported COPs and two previous studies 

conducted in Maine. The average metered COP runs between the average minimum and maximum AHRI 

reported COPs. These metered COPs are higher than previous studies that covered heat pumps 

manufactured from 2015 to 2021. We believe there are several reasons: 
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¶ New heat pumps have increased their ability to provide partial load heating and have increased 

their ratings at both warm and cold temperatures. 

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

¶ This study used web connected meters that provided continuous data with nearly no gaps, 

reducing the need for data extrapolation. 

 

Figure 55.  Average Field-Metered COP and Manufacturer-Reported COP vs. Outdoor Air Temperature, 

with Metered COP from 2024 HP Evaluation32 and 2019 HESP Evaluation33 

  
 

7.1.4 Manufacturer-Reported HSPF2 versus Manufacturer-Reported COP 

HSPF ratings are calculated using complex formulas and laboratory data. They do not necessarily match 

actual seasonal efficiency since field conditions are less controlled than a laboratory setting, and the 

heating needs and temperatures do not always match the assumptions built into the HSPF calculations. 

Since HSPF is calculated using very specific, limited conditions, the relationship between COP versus 

temperature and HSPF ratings is not always proportional. Figure 56 shows no clear relationship between 

manufacturer-reported HSPF2 and COPrated
17. Figure 57 shows a clearer relationship between 

manufacturer-reported HSPF2 and COPrated
47. Of the 41 unique heat pump models metered in this study, 

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

 
32 Efficiency Maine Residential Heat Pump Impact Evaluation. 2024.  

33 Efficiency Maine Trust Home Energy Savings Program Impact Evaluation. 2019.  

https://www.efficiencymaine.com/docs/Efficiency_Maine_Residential_Heat_Pump_Impact_Evaluation_Report-2024.pdf
https://www.efficiencymaine.com/docs/HESP-Evaluation-2019.pdf
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pumps in the fleet that were most likely installed before the WHHP rebate program. Most of the heat 

pumps that lacked reported HSPF2 factors were the only ones of their models within the sample. 

Figure 56.  Manufacturer-Reported HSPF2 versus Manufacturer-Reported COPrated 
17 (n = 31) 

 
 

Figure 57.  Manufacturer-Reported HSPF2 versus Manufacturer-Reported COPrated 
47 (n = 31) 

 

7.1.5 Field-Metered COP versus Manufacturer-Reported HSPF2 and COPmin 
47 

We expected that there might be some relationship between field-metered COPs for heat pumps and 

their ratings. To test this expectation, we graphed field-metered COP versus HSPF2 and COPmin 
47 in 
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Figure 58 and Figure 59. While there are slight upward trends in field-metered COP versus HSPF2 and 

COPmin 
47, they are not strong trends. We believe that variability in how heat pumps are operated is a 

stronger factor impacting field-metered COP than the ratings of the heat pump. 

Figure 58.  Field-Metered COP versus Manufacturer-Reported HSPF2 (n = 146) 

 
 

Figure 59.  Field-Metered COP versus Manufacturer-Reported COPMin 
47 (n = 158) 
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8 HEAT PUMP OPERATION ANALYSIS 

Heat pumps have the potential to provide all or nearly all heat in homes. ¢ƘŜ ǇƻǊǘƛƻƴ ƻŦ ŀ ƘƻƳŜΩǎ ƘŜŀǘ 
that heat pumps actually provide depends on several factors. If conditions are optimal, then the heat 
pump can be used throughout the winter, fully displacing other heat sources. If certain conditions are 
not optimal, however, usage may be reduced, sometimes substantially.  Below are a handful of 
conditions that this study found to be correlated with ƛƴŎǊŜŀǎƛƴƎ όƻǊ ŘŜŎǊŜŀǎƛƴƎύ ǘƘŜ ǎƘŀǊŜ ƻŦ ŀ ƘƻƳŜΩǎ 
heat load that is provided by a WHHP system.  

¶ ¢ƘŜ ƻǿƴŜǊΩǎ ƛƴǘŜƴǘ ǘƻ ǳǎŜ ƘŜŀǘ ǇǳƳǇǎ ŀǎ ǘƘŜ ƘƻƳŜΩǎ primary heating source is the most closely 
correlated factor to actual heat pump usage during the heating season. If, however, the owner 
intends to use the heat pump mostly for cooling, our findings indicate the heat pump will be used 
little during the heating season, regardless of the design of the heating system. 

¶ Next in importance is zoning of the homeΩǎ ƘŜŀǘƛƴƎ ǎȅǎǘŜƳ. Non-ducted heat pumps interact with a 
specific space or άzoneέ in each home. If individual, non-ducted heat pumps are insufficient to heat 
a particular zone in a home, homeowners may be uncomfortable and employ other heating sources. 
The level of overlap, or lack thereof, between the zone of the heat pump and a zone of any pre-
existing heating system(s) in the home is important. In the case of a central furnace or boiler serving 
a home in which the entire space is treated as a single zone, when a system of one or more non-
ducted heat pumps is installed to heat the same zone, there is a high risk that the heat pumps will 
be entirely displaced (i.e., stop operating) any time the central furnace or boiler is on. 

¶ Another factor to consider is how the capacity of a heat pump compares with the size and heat load 
of the zone in which it is located in the house.  If the heat pump has a large capacity compared with 
a zone, it can provide all of the zoneΩs heat but may still be underutilized. 

¶ How the homeowner sets and operates controls on the ƘƻƳŜΩǎ heating system(s) is another factor 
that impacts the usage of heat pumps. Controls include the thermostats that signal to the heating 
system when to produce and when to stop producing, heat. If the heat pump and central system are 
not controlled correctly, the heat pumpsΩ use can be displaced. During site visits, Ridgeline observed 
multiple homes where the central system and the heat pump are set to the same temperature. In 
ǘƘƛǎ ǎǘǳŘȅΩǎ ŦƛƴŘƛƴƎǎΣ ǘƘŜ ŎƻƴǘǊƻƭ ǎŜǘǘƛƴƎǎ ŀƴŘ ƻǇŜǊŀǘƛƻƴǎ have the lowest correlation with the 
conditions impacting usage of the heat pumps. 

 
 
How these conditions correlate with increased or decreased heat pump utilization is analyzed below.  
Heat pump capacity versus modeled heat loss is also explored in this section. 

 

8.1 HOMEOWNER INTENT 

When recruiting homes for metering, Ridgeline discussed with homeowners how they were using their 
heat pump(s) and other heating systems. Homeowners described a variety of behaviors ranging from 
άǿŜ ŘƻƴΩǘ ƘŜŀǘ ǿƛǘƘ ƻǳǊ ƘŜŀǘ ǇǳƳǇǎ, and we prefer our pellet stoveέ, to άwe only heat with our heat 
pump, and we have no other heating system.έ We rated homes that clearly showed intent to lightly use 
their heat pumps for heating ŀǎ άLow Intentέ and homes that either had a clear plan to use the heat 
pump for most heating or had no alternative heat source ŀǎ άHigh Intent.έ All other homes were 
classified ŀǎ άModerate Intentέ homes. Some άaoderate LƴǘŜƴǘέ homes used only heat pumps and 
wood and did not use fossil fuel, and others had a plan to use heat pumps for most of their heating but 
would use a central system for either certain zones or low outdoor temperatures. Figure 60 shows the 
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proportions of homes categorized by homeowner use intent and plan based on the results of a phone 
survey of the homeowners participating in the metered study. 

Figure 60.  Level of Intent to Use Heat Pumps for Heating, by Category ς Metered Homes (n = 78) 

    

To examine the correlation between homeowner intent and use, the portion of heat provided by heat 
pumps at each home was plotted in Figure 61 with the associated initial homeowner intent 
categorization shown by color. The figure shows that intent is important, with most of the high-intent 
users on the right side of the graph, where heat pump utilization rates are high and all but one of the 
low users on the far left of the graph, where utilization rates are low.  

Figure 61.  Comparing Intent with the Portion of Home Heating by Heat Pumps ς Metered Homes (n = 

78) 
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The metering sample only focused on homes previously identified as the bottom-consuming two-thirds 
of heat pump users using the Initial AMI analysis. Recall from previous descriptions in this report that 
the metering sample excluded the characteristics or the impacts of the top-consuming one-third of users 
identified in the Initial AMI analysis. If the top-consuming one-third of users were added back into the 
sample with the assumption that this population had άIigh LƴǘŜƴǘέΣ 74% of all total WHHP participants 
ǿƻǳƭŘ ōŜ ŎƘŀǊŀŎǘŜǊƛȊŜŘ ŀǎ ƘŀǾƛƴƎ άIƛƎƘ LƴǘŜƴǘΦέ Figure 62 shows the results of this extrapolation. 

Figure 62.  Level of Intent to Use Heat Pumps for Heating, by Category, Extrapolated to Population 

  

 

User intent was previously shown to generally correlate with field-metered use as a percentage of total 
home heating (all heat systems). Grouping user intent (Low Intent, Moderate Intent, and High Intent) 
with Initial AMI usage bins ((Negative, Low, and Medium) created based on the absolute cold-weather 
dependent kWh impact from the Initial AMI analysis in Chapter 3) shows little correlation (Figure 63, left 
side). The AMI bins are shown on the independent axis and are colorized by the category of homeowner 
intent. Examining user intent by percentage (Figure 63, right side), High Intent users make up 50-64% of 
each of the Initial AMI bins, illustrating that these AMI usage bins did not match intent, for the metered 
sample. 
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Figure 63.  Comparing Homeowner Intent with Initial AMI Bins (n = 78) 

  

Matching user intent with the field-metered percentage of heat provided by heat pumps shows some 
correlation. All homes with 100% heat pump heating had High Intent as did 79% of homes where heat 
pumps provided greater than 67% of heating. Homes where heat pumps provided 33-67% of heat were 
made up of 29% of High Intent homeowners and 71% of Moderate Intent homeowners, as one might 
expect. Similarly, homes where heat pumps provided <33% of heating were made up of equal portions 
of Low and Moderate Intent homeowners (Figure 64). 

Figure 64.  Comparing Homeowner Intent with Portion of Home Heat Delivered by Heat Pumps, Based 

on Metering (n = 78) 

 

The next series of graphs (Figure 65, Figure 66, and Figure 67) shows the heat provided to each home by 
source by total MMBtu and by percentage of total home heating. Below each two-graph set is a grid of 
home characteristics. The graphs are sorted three ways: 1) by percentage of heat provided by heat 
pumps, 2) by total heat (MMBtu) provided by heat pumps, and 3) by total heat (MMBtu) provided by all 
sources. For the grid of home-level characteristics in these figures, if a certain factor is a binary variable, 



86 

 

ǘƘŜƴ ǘƘŜ ƎǊƛŘ ǿƛƭƭ ōŜ ōƭŀŎƪ ŦƻǊ ǘƘŀǘ ƎƛǾŜƴ ƘƻƳŜ ƛŦ ƛǘ ƛǎ ŀ άȅŜǎέ ŀƴŘ will be ǿƘƛǘŜ ƛŦ ƛǘ ƛǎ ŀ άƴƻέΦ CƻǊ ƻǘƘŜǊ 
variables where there are three possible values, the grid is colorized based on the following key: White 
represents the first response referenced in the list, Gray represents the middle response referenced, 
and Black represents the third response referenced. For example, if the square footage of a particular 
home is greater than 1,600 ft2, then it will be ōƭŀŎƪ ōŀǎŜŘ ƻƴ ǘƘŜ ά{vC¢έ ƪŜȅ άόғҐ мпллΣ мплл-1600, >= 
мсллύέ shown in the figures below. 

Examining the graph sorted by percentage of heat pump heating (Figure 65), the left side which 
indicates low percentage of heat pump use, also correlates with moderate and high total heating use. In 
the characteristics grid below the graph, low heat pump percentage correlates strongly with homes with 
larger conditioned square footages όǎŜŜ ά{vC¢έύ ŀƴŘ ƘƻƳŜƻǿƴŜǊ ƛƴǘŜƴǘƛƻƴ όǎŜŜ άIƻƳŜƻǿƴŜǊ LƴǘŜƴǘέύ, 
and it correlates weakly or moderately with zoning issues όǎŜŜ ά½ƻƴƛƴƎ LǎǎǳŜǎέύ. Unexpectedly, solar 
homes clumped towards the left side of the graph όǎŜŜ ά{ƻƭŀǊέύ. One might have expected that homes 
with solar would be more interested in using their heat pumps, or that homes with solar might perceive 
that the heat pump was using solar, a marginally free source, once the installation is paid for.  
Anecdotally, we have found a range of strategies by homeowners with both solar and heat pumps.  We 
have heard from a couple of homeowners that they want solar to power their heat pumps and that 
when their solar surplus from the summer is used, they trim the use of their heat pumps. 

 

Figure 65.  Heating by Heat Source per Home, Ordered by Percent Heat Pump Heating with Grid of 

Home Characteristics (n = 78) 
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Examining the graph sorted by total heat pump heating in MMBtu (Figure 66), the left side, which 
indicates low heat pump use, correlates somewhat with a lower percentage of heat provided by heat 
pumps. In the grid of characteristics below the graph, the left side has no clear correlation, indicating 
that many factors contribute to the total amount of heat provided by heat pumps. 

Figure 66.  Heating by Heat Source per Home, Ordered by Heat Pump Heat Delivered (MMBtu) with Grid 

of Home Characteristics (n = 78) 

 

 

Examining the graph sorted by total heating in MMBtu across all heating sources (Figure 67), the left 
side, which indicates low total heat use, correlates with a higher percentage of heat provided by heat 
pumps. In the grid of characteristics below the graph, the left side appears to correlate with smaller 
homes with less conditioned square footage. 
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Figure 67.  Heating by Heat Source, Ordered by Total Heating with Grid of Home Characteristics (n = 78)  

 
 

The next set of figures (Figure 68, Figure 69, Figure 70) shows the subset of metered homes that also 
responded to a separate online Whole Home Heat Pump survey in the summer of 2025.34 In total, there 
were 19 respondents to the survey among the 78 homes metered.  

Figure 68 is ordered by increasing percentage of heat pump heating. As discussed above, it appears that 
larger homes are more likely to have lower percentages of heat pump heating. Homeowner intention 
also appears to be highly correlated with the heat pumpΩǎ percentage of heating. Other indicators of 
ƭƻǿŜǊ ǇŜǊŎŜƴǘ ƘŜŀǘ ǇǳƳǇ ƘŜŀǘƛƴƎ ŀǊŜ ǘƘŜ ŎƻƴǘǊŀŎǘƻǊǎΩ ŎƻƴŦƛŘŜƴŎŜ ƛƴ ǘƘŜ ƘŜŀǘ ǇǳƳǇǎΩ ƘŜŀǘƛƴƎ ŀōƛƭƛǘƛŜǎ, as 
perceived by the homeowner (question (i8) in survey), homeownerǎΩ ǊŜǇƻǊǘŜŘ comfort on an average 
winter day (i11_r1), the heat pump being considered the primary heating source (e9), the heat pump 
being the only heating source (h5), how often the heat pump is considered the primary system (i10), and 
homeowner confidence before and after the heat pump installation (i7, i9). Interestingly, homeowner 
confidence after the heat pump installation is a better indicator of usage than homeowner confidence 
before the installation.  

 
34 Whole Home Heat Pump Rebate ς 2025 Survey Summary Results. November 2025.  

https://www.efficiencymaine.com/docs/WHHP_Participant_Survey_Findings_2025.pdf















































































































































