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MEMO 
Date: March 16, 2020 
To: Board of Directors 
From: Dan Rubado, Evaluation Project Manager 
Subject: Summary of Recurve Analysis of Ducted Heat Pump Conversion Impacts 

EXECUTIVE SUMMARY 

Energy Trust used an impact analysis tool built by Recurve Analytics to evaluate energy savings from high 
efficiency ducted heat pumps installed in single-family and manufactured homes by trade ally contractors 
between 2013 and 2018. Energy savings for two primary installation scenarios were analyzed for each 
home type: homes replacing an existing heat pump upgrades and conversions from an 
electric forced air furnace ( ). This report focuses on the impact of heat pump 
conversion projects while heat pump upgrades will be reported on separately. Weather normalized 
annual energy usage prior to installation was compared with the year immediately following installation. 
Changes in annual energy usage were evaluated against changes in energy usage in a comparison group
during the same time period.  

Overall electricity savings for heat pump conversions were much lower than expected for both site-built 
(1,980 kWh/year) and manufactured homes (2,890 kWh/year). The overall realization rates were 48 
percent for site-built homes and 73 percent for manufactured homes. Projects completed in heating zone 
1 appeared to have higher savings than those in heating zone 2 and savings were higher for PGE customers 
than for Pacific Power customers. Smaller homes realized higher energy savings than larger homes. 
Although 75 percent of projects had some type of commissioning measure, they did not appear to result 
in significant additional electricity savings. Overall, savings for heat pump conversions declined slightly 
over time. Many of these findings may be reflective of program challenges. For instance, many poor 
performing projects may have supplemental heating fuels or undersized heat pumps that must rely on 
resistance backup heating during cold periods. In addition, program installation requirements and quality 
control may be less stringent outside of PGE territory. Lastly, many homes simply may not use enough 
electricity to realize much savings from a heat pump.  

We recommend conducting a review of program rules and heat pump installation requirements to 
determine what is driving lower savings and identify potential improvements. We also recommend a 
review of heat pump commissioning activities, including controls, to better understand the savings 
potential and make improvements. Heat pump conversion projects may benefit lower income customers 
the most, so it may be worth investigating new offerings for small home or rental heat pump conversions
to better reach low- and moderate-income customers. We recommend revisiting and adopting new 
deemed electric savings values for heat pump conversion measures, based on this analysis. Realized
savings for heat pump conversions were much lower than expected and Energy Trust should adjust its 
savings claims to better reflect reality. 



2
 

Introduction 

Energy Trust used an impact analysis tool built by Recurve Analytics (Recurve) to evaluate electric savings 
from high efficiency ducted heat pumps1 installed in single-family and manufactured homes between 
2013 and 2018. Energy Trust  has provided incentives for ducted heat pump systems 
installed by trade ally contractors since 2005 to replace existing heat pumps (referred to as upgrades

. This report 
focuses on the impact of heat pump conversion projects. 

Heat pump installations are driven by trade ally contractors who promote the technology and use Energy 
Trust incentives to help make sales. Trade allies must meet certain requirements, agree to meet Energy 
Trust standards, and remain in good standing. Energy Trust provides trade allies with training, prescribes 
installation and commissioning requirements, and conducts quality assurance inspections to ensure that 
the expected energy savings are achieved.  Energy Trust discontinued its incentives for residential heat 
pump upgrades in 2018 updated savings analysis from the Regional Technical Forum (RTF)2, high
installation costs, and utility avoided costs combined to make these projects no longer cost-effective. 
Energy Trust maintained incentives for heat pump conversions and has expanded its campaign to replace 
eFAF systems in recent years.  

During the analysis period, there were several tiers of incentives and deemed savings values claimed by 
the program for heat pump conversions. Deemed savings varied significantly over time as measures were 
updated to align with RTF changes, to incorporate new information, or to better match evaluation results.
Deemed savings also varied by the home type, heating zone, and efficiency level. For site-built homes in 
the 2013-2018 program years, the deemed savings claimed for heat pump conversions ranged from 2,531
to 5,553 kWh per year, with a weighted average, based on project volume, of 4,150 kWh. For 
manufactured homes, deemed savings for conversions ranged from 3,269 to 4,559 kWh per year, with a 
weighted average, based on project volume, of 3,950 kWh. The deemed savings values claimed for heat 
pump conversion projects are summarized in Table 1. 

Table 1: Heat pump conversion deemed savings values and project counts from project tracking data by 
installation scenario, from 2013-2018 

Years in 
Effect 

Project 
Type 

Home Type 
Incentive 

Design 
Heating 

Zone 
HSPF 

Deemed 
Savings 
(kWh) 

Project Count

2015-2016 Conversion Manufactured Fixed price 1 8.2+ 4,202 57 
2015-2016 Conversion Manufactured Fixed price 2 8.2+ 4,559 53 
2018-2019 Conversion Manufactured Fixed price All All 3,269 65 
2018-2020 Conversion Manufactured Rebate All All 3,631 8 
2010-2013 Conversion Site-built Rebate All 9.0+ 2,531 9 
2012-2013 Conversion Site-built Rebate All 9.0+ 3,379 317 

2014 Conversion Site-built Rebate 1 9.5+ 3,816 109 
2014 Conversion Site-built Rebate 2 9.5+ 4,706 26 

2013-2017 Conversion Site-built Rebate 1 9.0-9.49 3,379 625 

 
1 Residential ducted heat pumps are also known as air source heat pumps and central heat pump systems. 
2 https://rtf.nwcouncil.org 



3
 

Years in 
Effect 

Project 
Type Home Type 

Incentive 
Design 

Heating 
Zone HSPF 

Deemed 
Savings 
(kWh) 

Project Count

2014-2017 Conversion Site-built Rebate 1 9.5+ 4,151 726 
2013-2017 Conversion Site-built Rebate 2 9.0-9.49 4,167 106 
2014-2017 Conversion Site-built Rebate 2 9.5+ 4,939 125 
2018-2020 Conversion Site-built Rebate 1 8.5+ 5,252 502 
2018-2020 Conversion Site-built Rebate 2 8.5+ 5,553 84 

In addition to the installation scenarios and deemed savings values listed above, heat pump projects may 
also receive additional incentives if the contractor performs commissioning activities or installs advanced 
controls in accordance with Energy Trust guidelines. These commissioning activities are associated with 
additional deemed savings that are claimed by the Residential program on top of the heat pump savings. 
Seventy-five percent of projects received incentives for commissioning activities during the time period 
analyzed. Deemed savings values for commissioning measures varied somewhat over time and depending
on the activities completed and the heating zone. Deemed savings ranged from 452 to 1,211 kWh per year
and had a weighted average, based on project volume, of 500 kWh. The weighted average deemed savings 
for commissioning activities were 474 kWh in heating zone 1 and 725 kWh in heating zone 2. 

Electric savings for heat pump conversions were analyzed separately for site-built and manufactured 
homes3. The Recurve impact analysis tool uses monthly utility billing data to conduct pre/post billing 
analyses of whole home energy usage. Energy usage data are weather normalized using typical 
meteorological year data. Normalized annual energy usage in the year immediately preceding the 
installation is compared with that of the year immediately following installation. The change in normalized 
annual energy usage is then evaluated against changes in energy usage during the same time period for 
a comparison group  i.e., homes that received the same services in later years (future participants). 
These calculations provide an estimate of the average annual energy savings resulting from the measures,
given typical weather conditions. Lastly, several standard data screens are applied to remove atypical 
homes and homes unsuitable for pre/post billing analysis from the analysis. 

The Recurve snapshot reports that follow this memo, and the summary of results below, show that overall 
electricity savings for heat pump conversions were much lower than expected. Savings were generally 
higher in manufactured homes than site-built homes and decreased slightly over time. We analyzed heat 
pump projects along several other dimensions, including home size, heat pump commissioning status, 
electric utility, installer, and heating zone4. Many analyses spanned across heating zones due to a 
relatively low number of projects in heating zone 2  

 
3 Although heat pumps are frequently installed in manufactured homes, there were no measures or incentives 
specific to this market until a 2015 pilot study that used a fixed price incentive design and small pool of trade allies. 
The evaluation report summari s website: https://energytrust.org/wp-
content/uploads/2017/12/XMH-Heat-Pump-Pilot-Eval-Final-Report-wSR.pdf. Measures and incentives specific to 

-built 
heat pump measures and deemed savings values were used for manufactured homes. 
4 Heating zones are geographic areas defined by the Regional Technical Forum, based on the number of heating 
degree-days during a typical winter. Heating zone 1 represents areas of the state with relatively mild winters, such 
as Western Oregon. Heating zones 2 and 3 (combined hereafter into zone 2) represent areas of the state with cold 
winters, like the mountains and Central and Eastern Oregon. 
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Heat Pump Conversion Results 

Overall savings 

Heat pump conversion projects completed between 2013 and 2018 in site-built homes saved an average 
of 1,980 kWh per year (+/- 170) or 11 percent of baseline electricity usage. There were 1,302 site-built 
homes analyzed in the treatment group. These homes had average annual baseline electricity usage of 
18,060 kWh, with estimated heating loads of 7,630 kWh (or 42 percent of usage). They were widely 

. The weighted average deemed
savings for these measures was 4,150 kWh per year, so the overall realization rate was 48 percent.  

Heat pump conversion projects in manufactured homes saved an average of 2,890 kWh per year (+/- 330) 
or 18 percent of baseline electricity usage. There were 188 manufactured homes analyzed in the 
treatment group. These homes had average annual baseline electricity usage of 15,900 kWh, with 
estimated heating loads of 7,340 kWh (or 46 percent of usage). They were concentrated in the metro 
areas of Western and Central Oregon. The weighted average deemed savings for these manufactured 
home heat pump projects was 3,950 kWh per year, so the overall realization rate was 73 percent. 

These results show that heat pump conversion savings were much lower than expected, overall, especially 
among site-built homes.  

In the sections below, we examine the impact of the following factors on heat pump conversion savings: 

 Heating zone 
 Home size 
 Installation contractor 
 Electric utility 
 Commissioning status 

Heating Zone Impact 

For site-built homes in heating zone 1, heat pump conversions saved an average of 2,020 kWh per year 
(+/- 190) or 11 percent of baseline electricity usage. There were 1,161 site-built homes analyzed in heating 
zone 1. These homes had average annual baseline electricity usage of 18,130 kWh with estimated heating 
loads of 7,680 kWh (or 42 percent of usage). They were distributed across heating zone 1 in Oregon.
Heating zone 1 results were similar to the overall results because 89 percent of site-built homes in the 
treatment group were located in heating zone 1. The weighted average deemed savings for these 
measures was 4,170 kWh per year, so the realization rate for site-built homes in heating zone 1 was 48
percent. 

For site-built homes in heating zone 2, heat pump conversions saved an average of 1,500 kWh per year 
(+/- 550) or 8 percent of baseline electricity usage. There were 126 site-built homes analyzed in heating 
zone 2. These homes had average annual baseline electricity usage of 17,670 kWh with estimated heating 
loads of 7,210 kWh (or 41 percent of usage). They were concentrated in Central Oregon. The weighted 
average deemed savings for these measures was 4,830 kWh per year, so the realization rate for site-built 
homes in heating zone 2 was just 31 percent. 

The results by heating zone in site-built homes are shown in Chart 1, below. 
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Chart 1: Electric savings for heat pump conversions in site-built homes by heating zone 

For manufactured homes in heating zone 1, heat pump conversions saved an average of 2,930 kWh per 
year (+/- 340) or 19 percent of baseline electricity usage. There were 165 manufactured homes analyzed
in heating zone 1. These homes had average annual baseline electricity usage of 15,570 kWh with 
estimated heating loads of 7,320 kWh (47 percent of usage). They were concentrated in the metro areas 
of Western Oregon. Heating zone 1 results were similar to the overall results because 87 percent of 
manufactured homes in the treatment group were located in heating zone 1. The weighted average 
deemed savings for these measures was 4,200 kWh per year, so the realization rate for manufactured 
homes in heating zone 1 was 70 percent. Electricity savings could not be assessed for manufactured 
homes in heating zone 2 due to a small number of projects.  

Although savings and realization rates were low across the board, the results indicate that heat pump 
conversion projects achieved slightly higher electric savings in heating zone 1, contrary to our expectations
based on the colder climate and deemed savings values. However, this discrepancy may be explained by 
a higher reliance on wood heat in heating zone 2, as well as reduced heat pump performance during cold 
periods due to an overreliance on backup resistance heating. Both of these issues would tend to decrease 
electricity savings and may not be fully captured in the engineering calculations underpinning the deemed 
savings values. Realization rates were especially low among site-built homes in heating zone 2, which also 
had the lowest absolute electricity savings. 

Home Size Impact  

For site-built homes, electricity savings for heat pump conversions decreased somewhat as home size 
increased, even though larger homes had much higher annual baseline electricity usage. Homes less than 
1,200 square feet saved the most, with an average of 2,570 kWh per year (+/- 450) or 17 percent of 
baseline electricity usage. Homes from 1,200 to 2,000 square feet saved an average of 2,120 kWh per year 
(+/- 260) or 13 percent of baseline electricity usage. Homes from 2,000 to 3,000 square feet saved an 
average of 1,450 kWh per year (+/- 480) or 7 percent of baseline electricity usage. Homes larger than 
3,000 square feet saved an average of 1,840 kWh per year (+/- 1,130) or 7 percent of baseline electricity 
usage. The average annual baseline electricity usage increased with home size, from 15,040 kWh  for the 
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smallest homes to 26,540 kWh for the largest homes. The estimated annual heating loads increased 
similarly with size from 6,740 kWh to 8,520 kWh. 

For the largest home size category, there were relatively few projects available for analysis (n=69) and the 
precision of the savings estimate was low, but the smaller home size categories had relatively robust 
sample sizes and at least moderate levels of precision. The results by home size in site-built homes are 
shown in Chart 2, below. 

Chart 2: Electric savings for heat pump conversions in site-built homes by home size5 

For manufactured homes, electricity savings for heat pump conversions was not assessed by home size,
due to the relatively low number of projects. 

For site-built homes, the results show that heat pump conversion savings in the smallest homes were 730
kWh higher than in the largest homes, while the percent savings were nearly 2.5 times higher. Although 
this result seems counterintuitive, since higher savings are generally found in homes with higher baseline 
energy usage, it could be related to sizing practices for heat pump systems and their ability to meet the 
full heating loads of larger homes with the compressor alone. If undersized systems are more commonly 
installed in larger homes, then these heat pumps may rely more on their electric resistance backup heat 
during cold periods, resulting in worse energy performance. Larger homes may also have more than one 
heating system present, so the impact of replacing one system may be lower than expected, especially if 
multiple fuels are used or the systems serve overlapping zones in the home. 

Installation Contractor Impact  

We analyzed electricity savings by installation contractor for site-built homes. However, there were many
contractors active in this market and even those with the largest volume did not have enough projects 
available to properly assess differences between them. With that limitation in mind, we found that two 
of the top installation contractors may have realized somewhat lower savings, on average, than the rest.

 
5 Note: the savings estimate for homes larger than 3,000 square feet has relatively low precision. 
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Electric Utility Impact 

For site-built homes i , heat pump conversions saved 
an average of 2,430 kWh per year (+/- 240) or 13 percent of baseline electricity usage, significantly higher 
than the overall results. There were 707 site-built homes analyzed in PGE territory 54 percent of the 
treatment group. These homes had average annual baseline electricity usage of 18,350 kWh, with 
estimated heating loads of 8,180 kWh. They were distributed across 
and Salem metro areas.  

For site-built homes in Pacific Power territory, heat pump conversions saved an average of 1,440 kWh per 
year (+/- 250) or 8 percent of baseline electricity usage, significantly lower than the overall results. There 
were 594 site-built homes analyzed in Pacific Power territory 46 percent of the site-built homes in the 
treatment group. These homes had average annual baseline electricity usage of 17,650 kWh, with 
estimated heating loads of 6,990 kWh. They 
a concentration of projects in Southern Oregon. The results by electric territory in site-built homes are 
shown in Chart 3, below. 

Chart 3: Electric savings for heat pump conversions in site-built homes by electric utility 

For manufactured homes in PGE territory, heat pump conversions saved an average of 3,300 kWh per 
year (+/- 420) or 21 percent of baseline electricity usage, somewhat higher than the overall results. There 
were 85 manufactured homes analyzed in PGE territory 46 percent of the treatment group. These 
homes had average annual baseline electricity usage of 15,410 kWh, with estimated heating loads of 7,170 
kWh. They 
notable exceptions of the cities of Portland and Beaverton.  

For manufactured homes in Pacific Power territory, heat pump conversions saved an average of 2,550 
kWh per year (+/- 500) or 16 percent of baseline electricity usage, somewhat lower than the overall 
results. There were 103 manufactured homes analyzed in Pacific Power territory 54 percent of the 
treatment group. These homes had average annual baseline electricity usage of 16,300 kWh, with 
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estimated heating loads of 7,480 kWh. They were concentrated in Southern Oregon. The results by electric 
territory in manufactured homes are shown in Chart 4, below. 

Chart 4: Electric savings for heat pump conversions in manufactured homes by electric utility 

Electric utility impact in heating zone 1. For site-built homes within PGE territory in heating zone 1, heat 
pump conversions saved an average of 2,360 kWh per year (+/- 240) or 13% of baseline electricity usage. 
For site-built homes within Pacific Power territory in heating zone 1, heat pump conversions saved an 
average of 1,530 kWh per year (+/- 290) or 9 percent of baseline electricity usage. 

Electric utility impact in heating zone 2. There were an insufficient number of site-built homes within PGE 
territory in heating zone 2 to produce a meaningful estimate of electricity savings. For site-built homes 
within Pacific Power territory in heating zone 2, heat pump conversions saved an average of 970 kWh per 
year (+/- 570) or 6% of baseline electricity usage. Although this savings estimate is based on more than 
100 projects, it has relatively low precision. 

For manufactured homes, electricity savings for heat pump conversions were not assessed by both electric 
utility and heating zone, due to the relatively low number of projects. The results by electric utility and 
heating zone in site-built homes are shown in Chart 5, below. 
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Chart 5: Electric savings for heat pump conversions in site-built homes by electric utility & heating zone6 

These results show that heat pump conversion savings in PGE territory were nearly 1,000 kWh per year 
higher than in Pacific Power territory for site-built homes and 750 kWh higher for manufactured homes. 
These differences in savings are probably not due to differences in climate, at least not entirely. When the 
analysis was constrained to heating zone 1, site-built homes in PGE territory still saved 830 kWh per year 
more than those in Pacific Power territory. Within heating zone 2, site-built homes in Pacific Power 
territory saved 530 kWh per year less than heating zone 2 overall, although there was substantial variance. 

The differences between utility territories may be explained by a higher reliance on wood heat in Pacific 
Power territory, particularly in Southern and Central Oregon, where most of the Pacific Power heat pump 
conversion projects were located.7 When heat pump conversions are done in homes with wood heat, a 
portion of the savings are wood, not electricity, reducing the grid benefit. In addition, PGE has its own 
incentives and network of approved heat pump contractors that overlaps with Energy Tru trade ally 
network.8 PGE enforces somewhat more stringent installation requirements than Energy Trust does, 
aimed at maximizing energy savings. Heat pumps installed by PGE trade allies are also subject to a higher 
rate of quality control inspections. Pacific Power does not have a similar network of trade allies or 
additional requirements. Each of these issues could lead to lower observed electricity savings in Pacific 
Power territory and may not be fully captured in engineering-based savings calculations. 

Commissioning Impact 

In site-built homes, heat pump conversions where incentives were provided for commissioning services
or advanced controls saved an average of 2,020 kWh per year (+/- 190) or 11 percent of baseline electricity 
usage. This estimate is very similar to the overall results for heat pump conversions. There were 976 

 
6 Note: the savings estimate for Pacific Power homes in heating zone 2 has relatively low precision. Savings could 
not be estimated for PGE homes in heating zone 2, due to a low sample size (n=18). 
7 Wood heat prevalence in Southern Oregon is roughly twice the statewide average, at approximately 13 percent. 
U.S. Census Bureau; American Community Survey, 2018 American Community Survey 5-Year Estimates, Table 
B25040. Retrieved on 1/20/2021 from: https://data.census.gov. 
8 https://portlandgeneral.com/save-money/save-money-home/more-ways/heating-cooling/ducted-heat-pumps
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projects analyzed that received incentives for some type of commissioning 75 percent of treatment 
group homes. These site-built homes had average annual baseline electricity usage of 18,000 kWh, with 
estimated heating loads of 7,620 kWh. They electric territory in 
Western and Central Oregon. The weighted average deemed savings for heat pump commissioning 
measures was 500 kWh. When that is combined with the weighted average deemed savings for heat pump 
conversion projects in site-built homes of 4,150 kWh, the expected savings for these projects was 4,650
kWh. Thus, the realization rate for heat pump conversions with commissioning was 43 percent. 

In site-built homes, heat pump conversions that did not receive incentives for commissioning services 
saved an average of 1,920 kWh per year (+/- 310), or 10 percent of baseline electricity usage, very similar 
to the overall results. There were 327 projects analyzed that did not receive any commissioning 
incentives 25 percent of treatment group homes. These site-built homes had average annual baseline 
electricity usage of 18,300 kWh, with estimated heating loads of 7,670 kWh. They were distributed across 

 service territory. Based on the weighted average deemed savings value of 4,150 
kWh, the realization rate for heat pump conversions without commissioning in site-built homes was 46 
percent. The results by commissioning status in site-built homes are shown in Chart 6, below. 

Chart 6: Electric savings for heat pump conversions in site-built homes by commissioning status 

In manufactured homes, heat pump conversions that received incentives for commissioning services
saved an average of 2,890 kWh per year (+/- 400), or 18 percent of baseline electricity usage, the same as 
the overall results. There were 109 projects analyzed that received some type of commissioning 
incentives 58 percent of treatment group homes. These manufactured homes had average annual 
baseline electricity usage of 15,880 kWh, with estimated heating loads of 7,250 kWh. They were 
distributed across Energy Tru
deemed savings for heat pump commissioning was 500 kWh. When combined with the weighted average 
deemed savings for heat pump conversion projects in manufactured homes of 3,950 kWh, the expected 
savings was 4,450 kWh for these projects. The realization rate for heat pump conversions with 
commissioning in manufactured homes was 65 percent. 
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In manufactured homes, heat pump conversions that did not receive incentives for commissioning 
services saved an average of 2,890 kWh per year (+/- 450), or 18 percent of baseline electricity usage. This 
estimate is the same as the overall results, however, it may be less reliable due to a relatively small sample 
size. There were 79 projects analyzed that did not receive any commissioning incentives 42 percent of 
treatment group homes. These manufactured homes had average annual baseline electricity usage of 
15,920 kWh, with estimated heating loads of 7,470 kWh. They were concentrated in the Portland and 
Salem metro areas. Based on the weighted average deemed savings value of 3,950 kWh, the realization 
rate for heat pump conversions without commissioning in site-built homes was 73 percent. The results by 
commissioning status in manufactured homes are shown in Chart 7, below. 

Chart 7: Electric savings for heat pump conversions in manufactured homes by commissioning status9

Commissioning impact in heating zone 1. For site-built homes in heating zone 1, heat pump conversions 
that received commissioning incentives saved an average of 2,020 kWh per year (+/- 200) or 11 percent 
of baseline electricity usage. Those that did not receive commissioning incentives saved an average of 
2,020 kWh per year (+/- 330) or 11 percent of baseline electricity usage. These estimates are both 
essentially the same as the overall result for heating zone 1. 

Commissioning impact in heating zone 2. For site-built homes in heating zone 2, heat pump conversions 
that received commissioning incentives saved an average of 1,660 kWh per year (+/- 590) or 9% of baseline 
electricity usage. This estimate is slightly higher than the overall result for site-built homes in heating zone 
2. There were an insufficient number of site-built homes in heating zone 2 that did not receive heat pump 
commissioning incentives (n=44) to produce a meaningful estimate of electricity savings. 

For manufactured homes, electricity savings for heat pump conversions were not assessed by both 
commissioning status and heating zone, due to the relatively low number of projects. The results for site-
built homes by commissioning status and heating zone are shown in Chart 8, below. 

 
9 Note: the savings estimate for homes that did not receive commissioning incentives is based on a relatively small 
sample (n=79) and may not be reliable. 
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Chart 8: Electric savings for heat pump conversions in site-built homes by commissioning status and 
heating zone10 

Commissioning impact for PGE customers. For site-built homes in PGE territory, heat pump conversion
projects that received commissioning incentives saved an average of 2,470 kWh per year (+/- 260) or 14
percent of baseline electricity usage. Projects in PGE territory that did not receive commissioning 
incentives saved an average of 2,450 kWh per year (+/- 390) or 13 percent of baseline electricity usage. 
These estimates are very close to one another and are both similar to the overall result for PGE territory.

Commissioning impact for Pacific Power customers. For site-built homes in Pacific Power territory, heat
pump conversion projects that received commissioning incentives saved an average of 1,500 kWh per 
year (+/- 270) or 8 percent of baseline electricity usage. Projects in Pacific Power territory that did not 
receive commissioning incentives saved an average of 1,350 kWh per year (+/- 490) or 7 percent of 
baseline electricity usage. Although projects that received commissioning appear to have slightly higher 
savings than those that did not, the difference is not significant and both estimates are similar to the 
overall result for Pacific Power territory. 

Electricity savings for heat pump conversions in manufactured homes were not assessed by both 
commissioning status and electric utility, due to the relatively low number of projects. The results for site-
built homes by commissioning status and utility territory are shown in Chart 9, below. 

 
10 Note: savings could not be reliably estimated for homes that received commissioning incentives in heating zone 
2, due to a low sample size (n=44). 
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Chart 9: Electric savings for heat pump conversions in site-built homes by commissioning status and 
electric utility 

These results show that heat pump conversion projects that received incentives for commissioning 
activities saved the same amount of electricity as those that did not. This was true for both site-built and 
manufactured homes. Constraining the analysis to heating zone 1, did not change this result. Within 
heating zone 2, site-built homes that received commissioning incentives saved 160 kWh per year more
than in heating zone 2 overall, but this difference was well within the error bounds of the estimates. In 
addition, constraining the analysis to PGE customers showed no additional savings for commissioned 
projects. Within Pacific Power territory, site-built homes that received commissioning saved 150 kWh per 
year more than homes that did not, although this difference was not significant. 

That commissioning activities did not appear to save much energy on top of the heat pump conversion
savings could have several explanations. It may be that the commissioning activities associated with 
Energy Trust incentives are already standard practice in the industry, or at least among trade ally 
contractors. In this case, there would be no real-world difference between projects that received 
commissioning incentives and those that did not. Alternatively, it could be that the requirements for heat 
pump commissioning measures are not faithfully adhered to by the contractors doing the installations. In 
this case, homes where commissioning activities are performed do not receive the full benefit of 
commissioning. Lastly, it may be that heat pump commissioning measures simply do not save energy in 
heat pump conversion projects, particularly in heating zone 1. It is possible that heat pump commissioning 
activities in heating zone 2 produced a small amount of savings, but there were not enough projects 
completed to precisely estimate this impact. 

Trends Over Time 

We analyzed electric savings for heat pump conversions in site-built homes by installation year to see if 
there were changes occurring. To minimize year-to-year variance introduced by the comparison group, 
and better detect any trends, 
electricity usage, as a proxy for savings. While there was no consistent trend, it appears that electric 
savings for heat pump conversions in site-built homes decreased slightly over time. This decline in savings 
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was associated with a slight decline in baseline annual electricity usage over the same period. The trend
over time in savings is shown in Chart 10, below. 

Chart 10: Electric savings for heat pump conversions in site-buit homes by installation year, 2013-2018

We next anlayzed the trend in electric savings by installation year in manufactured homes. Due to a
relatively small number of projects overall, we combined annual estimates into two-year bins to improve 
the precision of the results. To minimize year-to-year variance introduced by the comparison group, and 
better detect any trends, we analyzed only the 
usage, as a proxy for savings. Electric savings for heat pump conversions in manufactured homes were 
relatively flat over time. During the same period, there was a slight decline in baseline annual electricity 
usage. The trend over time in savings is shown in Chart 11, below. 

Chart 11: Electric savings for heat pump conversions in manufactured homes by installation year, 2013-
2018 
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Reliability of Results 

We assessed the results for each analysis scenario based on sample size, magnitude of savings, and 
relative precision, and assigned a confidence rating. While we have high or moderate confidence in many 
of the results, there are a few scenarios where we have low confidence in the value of the point estimate
due to low precision, small sample size, or both. However, in most cases, the less reliable point estimates 
seem to fit roughly into a larger pattern of results. Scenarios with treatment group sample sizes less than 
60 homes or very low precision were not assessed and are not reported here. 

Summary of Results 

In Table 2, below, we summarize the results of the various heat pump conversion scenarios analyzed in 
site-built homes. In Table 3, we summarize the results of heat pump conversion savings in manufactured 
homes. Results are provided in annual kWh savings for electrically heated homes that installed a heat 
pump between 2013 and 2018.  

Table 2: Summary of heat pump conversion electric savings (kWh) in site-built homes, 2013-2018 

Note: results based on less than 60 treatment sites may be unreliable and were not assessed. 
* N is the final treatment group sample size in the analysis. 
 The savings, precision, and percent savings values are based on a future participant comparison group. 
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Table 3: Summary of heat pump conversion electric savings in manufactured homes, 2013-2018 

* N is the final treatment group sample size in the analysis. 
 The savings, precision, and percent savings values are based on a future participant comparison group. 

Conclusions and Recommendations 

The Recurve analysis of heat pump conversion projects in electrically heated homes found that electric 
savings were substantially lower than expected across the board, although manufactured homes had 
higher savings and realization rates than site-built homes. Energy savings decreased slightly over time, 
which was accompanied by a slight decrease in average baseline energy usage. The relatively low overall 
baseline electricity usage and estimated heating loads may indicate that some homes simply do not use 
enough electricity to realize much savings from a heat pump conversion. This may be due to highly 
efficient homes with lower heating requirements than expected, or it could be due to the use of 
supplemental heating fuels, like wood, among other possibilities. 

Projects completed in heating zone 1 appeared to have higher savings than those in heating zone 2, 
contrary to expectations, based on the colder climate of heating zone 2. In addition, savings were higher 
for PGE customers than for Pacific Power customers, a result that persisted after controlling for climate 
and commissioning status. In fact, the highest absolute savings were found among PGE customers in 
heating zone 1 and the lowest were among Pacific Power customers in heating zone 2. While it is not 
known why heat pump conversion savings are lower in heating zone 2, the possibilities include a higher 
prevalence of supplemental fuel use (e.g. wood heat) and an overreliance on backup resistance heating 
during cold periods. The lower savings observed in Pacific Power territory may be a result of a higher 
prevalence of wood heat, overreliance on backup resistance heating (especially in heating zone 2), and 
less stringent installation requirements and quality control than in PGE territory. Wood heating almost 
certainly plays a role in the lower electricity savings observed in those areas. As noted above, wood heat 
is much more prevalent in Southern and Eastern Oregon and the baseline electric heating loads were 
substantially lower than in the rest of the state, despite colder winter temperatures in heating zone 2.

Home size was an important factor in realized heat pump conversion savings in site-built homes. Smaller 
homes, less than 1,200 square feet, had the highest savings estimate. Percent savings decreased as home 
size increased. Absolute savings also decreased as home size increased, except that the largest two 
categories had roughly the same level of savings. This decrease in savings with home size was observed 
despite a large increase in electricity usage as home size increased. This trend may be a result of contractor 
heat pump sizing practices, where the capacity of installed heat pumps is not sized to meet the full heating 
load of larger homes. If a heat pump is undersized to the home, then it will require its backup resistance 
heating element more frequently during the heating season, reducing its energy performance. This makes 
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economic sense when considering the higher upfront cost of larger capacity heat pump units that would 
be able to meet the full heating load of a large home. To better assess the impact of heat pump sizing on 
energy performance, we would need more complete information than were available in the program data 
on system capacity, home size, and shell characteristics. Energy Trust needs to track these variables more 
completely in its program data. Alternatively, a follow-up study would be needed to collect and analyze 
the data needed to do this. 

Commissioning and advanced control incentives were not associated with any additional electricity 
savings for heat pump conversion projects in site-built or manufactured homes. There may be a small 
amount of additional savings realized from commissioning activities in heating zone 2 and Pacific Power 
territory. However, the difference in savings estimates for heating zone 1 and PGE territory, respectively, 
are relatively small and not statistically significant. 

Heat pump efficiency level (rated using the Heating Season Performance Factor (HSPF)) may be an 
important factor affecting energy performance and savings. Unfortunately, we were unable to analyze its 
impact due to a high degree of missing information in program data. However, some reports have 
suggested that HSPF rating does not play a large role in heat pump energy performance or savings. The 
RTF has stated that they do not know of any studies that have isolated the real-world efficiency 
improvements of single-speed heat pumps with HSPF ratings higher than 8.5. 11 The type of heat pump
system, such as single-stage, multi-stage, variable capacity, or cold climate, 12 may also have an impact on 
savings, but we were not able to assess this factor, due to lack of data. To further investigate the effects 
of HSPF and system type on heat pump conversion energy savings, Energy Trust needs to track these 
variables more completely in its program data. Alternatively, a follow-up study could be done to collect 
and analyze the data needed to assess the impacts of these factors. 

We recommend conducting a thorough review of program rules and heat pump installation requirements 
to determine what is driving lower savings in heating zone 2 and Pacific Power territory. More thorough 
screening for supplemental fuels, like wood and gas, may be necessary to improve heat pump conversion 
savings. At the very least, offsets in wood use should be valued as non-energy benefits. In addition, sizing 
and control setting requirements should be reviewed to ensure that heat pumps can meet the full heating 
loads of the homes they are installed in and do not have an overreliance on backup resistance heating.
Whether or not program rules and requirements are updated, we recommend a period of increased 
training and quality control visits to ensure that contractors are enforcing program rules and meeting 
installation requirements. 

We also recommend conducting a thorough review of heat pump commissioning activities and advanced 
controls installations. This may involve collection of market data to understand how prevalent these 
services are and whether incentives are needed to improve the performance of heat pump projects. 
Further study of commissioning activities and advanced controls may also be needed to determine what 
the most effective practices are and how much energy they save. Although this analysis was unable to 
detect any savings from commissioning activities in general, there may be certain services that are more 

 
11 Regional Technical Forum. 2020. Single-speed Air Source Heat Pumps: Energy Impacts of Efficiency Program 
Design Elements. Retrieved on 1/20/2021 from: https://nwcouncil.box.com/v/ASHPWhitePaperCleanDraft. 
12 
separately in a 2018/2019 pilot study summarized in this report: https://www.energytrust.org/wp-
content/uploads/2020/04/ECHP-Pilot-Wrap-up-Memo-v4.pdf.  
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effective or that can be improved. The value of these services will most likely interact with any efforts to 
improve heat pump sizing requirements. 

Heat pump conversion projects appear to save the most energy in situations that may benefit lower 
income customers the most: smaller, electrically-heated, site-built and manufactured homes. While 
Energy Trust already has offerings that focus on the manufactured homes market, it may be worth 
investigating new offerings for small home or rental home heat pump conversions. Not only could this be 
used to better reach low- and moderate-income customers, but it may be much more cost-effective, with 
higher energy savings at lower installed costs. 

We recommend revisiting and adopting new deemed electric savings values for heat pump conversion 
measures in both site-built and manufactured homes, based on the findings of this analysis. The real-
world savings for heat pump conversions are much lower than expected. This may be a result of lax 
program rules and installation requirements, or the deemed savings estimates may be unrealistically high, 
given recent heating loads of homes with electric forced air furnaces in Oregon. Whatever the cause, 
Energy Trust should adjust its savings claims to better reflect reality. 
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Appendix A: Recurve Impact Analysis Reports 

 

List of Heat Pump Conversion Analysis Reports: 

 Overall results 
o Site-built homes 
o Manufactured homes 

 Results by heating zone 
o Site-built homes 

 Heating zone 1 
 Heating zone 2 

o Manufactured homes 
 Heating zone 1 
 Heating zone 2 

 Results by utility territory 
o Site-built homes 

 PGE customers 
 Pacific Power customers 

o Manufactured homes 
 PGE customers 
 Pacific Power customers 

 Results by commissioning and controls incentive status 
o Site-built homes 

 Commissioning incentives paid 
 Commissioning incentives not paid 

o Manufactured homes 
 Commissioning incentives paid 
 Commissioning incentives not paid 

 




















































































































