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MEMO 
Date: August 18, 2021 
To: Board of Directors
From: Dan Rubado, Sr. Project Manager, Planning & Evaluation

Jackie Goss, Sr. Engineer, Planning & Evaluation
Subject: Summary of Recurve Analysis of Ducted Heat Pump Upgrade 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 
from 2013 to 2018. Energy savings for two primary installation scenarios were analyzed for each home 
type—homes replacing an existing heat pump (referred to as “upgrades”) and conversions from an electric 
forced air furnace (referred to as “conversions”). This report focuses on the impact of heat pump upgrade 
projects. Energy Trust discontinued its heat pump upgrade measures in 2018 due to increasing cost-
effectiveness challenges. Weather-normalized annual energy usage prior to installation was compared 
with the year immediately following installation. The change in annual energy usage was evaluated against 
changes in energy usage during the same time period in a comparison group of future participants.  

The implicit baseline for this analysis (that is, the system that the efficient case was compared against to 
compute savings) is the existing condition system (what was in place prior to the upgrade). This contrasts 
with the assumption of the deemed savings analysis for these measures, where a market average 
efficiency (market baseline) heat pump was used as the point of comparison to compute savings. Using a 
market baseline assumes customers are already going to replace their existing heat pump system (possibly 
due to failure) and the incentive is intended to encourage customers to upgrade from a market baseline 
model to a high efficiency model. Deemed savings were therefore computed as the difference in energy 
consumption of a high efficiency heat pump compared to the energy consumption of a market baseline 
heat pump.  

Since a market baseline system is likely more efficient than the existing systems that were replaced, the 
observed savings in this analysis would be higher than expected when compared to the deemed savings. 
Further complicating matters, the existing conditions encompassed in this analysis are not known and 
may have included nonfunctional heat pump systems and non-electric heating systems, such as oil 
furnaces. In addition, three-quarters of heat pump upgrades included commissioning and controls 
measures on top of the heat pump installation. This suggests a direct comparison between the analysis 
findings and deemed savings would be misleading. To address this, we estimated a range of possible 
savings for the efficient case compared to a market baseline system, using two extreme existing condition 
scenarios to create adjustment factors. In addition, we simply reported the observed energy savings of 
heat pump upgrades as compared to the existing conditions. 
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Projects in site-built homes saved 1,520 kWh per year (8 percent) and those in manufactured homes saved 
2,150 kWh per year (14 percent) compared with the existing conditions. We estimate that site-built homes 
saved between 100 and 760 kWh per year compared to a market baseline system, while manufactured 
homes saved between 140 and 1,080 kWh per year. This results in a realization rate between 7 and 55 
percent for site-built homes and 10 and 78 percent for manufactured homes. Projects completed in 
heating zone 2 appeared to have higher savings than those in heating zone 1, which aligns with our 
expectations based on the colder climate of heating zone 2. Commissioning and advanced control 
incentives were associated with a small increase in electricity savings of about 200 kWh, resulting in a 
roughly 40 percent realization rate. Pre-installation heating loads in the analysis sample were closer to 
what we might expect to see in homes with electric forced air furnaces, rather than heat pumps. This 
could be explained if the existing heat pumps that were replaced were very inefficient, undersized, or had 
inoperable compressors. A properly sized, efficient, new heat pump would have a large opportunity for 
energy savings in these scenarios compared to the existing condition. However, that opportunity is 
substantially reduced once a market baseline is assumed as the point of comparison. 

If Energy Trust wishes to develop new heat pump upgrade measures and rescreen them for cost-
effectiveness, savings estimates adjusted for a market baseline would need to be used to match the 
assumptions of prior heat pump upgrade measures. We recommend conducting a thorough review of 
heat pump commissioning activities and advanced controls installations to determine what the most 
effective practices are and how much energy they save. There may be certain services that are more 
effective or that can be improved. 

Introduction 

Energy Trust used an impact analysis tool built by Recurve Analytics to evaluate electric savings from high 
efficiency ducted heat pumps1 installed in single-family and manufactured homes from 2013 to 2018. 
Energy Trust’s Residential program has provided incentives for ducted heat pump systems installed by 
trade ally contractors since 2005 to replace existing heat pumps (referred to as “upgrades”) and to convert 
electric forced air furnace (eFAF) systems (referred to as “conversions”). This report focuses on the impact 
of heat pump upgrade 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 RTF, 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 two tiers of incentives and deemed savings values claimed by the 
program for heat pump upgrades, based on the Heating Season Performance Factor (HSPF) as a measure 
of system efficiency. The deemed savings analysis for heat pump upgrades assumed the existing heat 
pump was being replaced with a new heat pump, so a market baseline2 system with HSPF of 8.5 was used 

1 Residential ducted heat pumps are also known as air source heat pumps and central heat pump systems. 
2 Market baseline refers to the average efficiency level of equipment sold in the market. 
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for comparison. Using a market baseline assumes customers are already going to replace their existing 
heat pump system (possibly due to failure) and the incentive is intended to encourage customers to 
upgrade from a market baseline model to a high efficiency model. Deemed savings were therefore 
computed as the difference in energy consumption of a high efficiency heat pump compared to the energy 
consumption of a market baseline heat pump. For site-built homes in the 2013 to 2018 program years, 
the deemed savings claimed for heat pump upgrades was 571 kWh per year for systems with HSPF values 
of 9.0 to 9.49 and 1,340 kWh per year for systems with HSPF values of 9.5 and above.  

Internal Energy Trust documents show that the deemed savings underpinning these measures was based 
on a somewhat flawed analysis from 2007 that was subsequently updated but never fundamentally 
changed. Savings were computed using estimated coefficient of performance (COP) values for different 
HSPF levels. An unrealistically high heating load (18,800 kWh per year) for the baseline efficiency heat 
pump system was used as the basis for the analysis. Different COP values were then applied to the baseline 
heat pump’s estimated heating load to compute savings for moving to a more efficient heat pump. The 
resulting savings values were then adjusted using a 50 percent realization rate gleaned from a billing 
analysis of heat pump upgrade projects from the early 2000s.3  

The weighted average deemed savings over this period, based on project volume, was 1,010 kWh. While 
there were no measures explicitly intended for heat pump upgrades in manufactured homes during this 
period, the site-built measures were used to claim savings in that setting. Although Energy Trust’s measure 
analysis acknowledged that savings in heating zone 2 were likely higher, the deemed savings were 
ultimately assumed to be the same as in heating zone 1, due to a lack of data from heating zone 2 to 
quantify the additional savings. The deemed savings values for heat pump upgrade projects are 
summarized in Table 1. 

Table 1: Heat pump upgrade deemed savings values and project counts by installation scenario 
Years 

in 
Effect

Project 
Type 

Home 
Type 

Incentive 
Design 

Heating 
Zone 

HSPF 
Deemed 
Savings 
(kWh)

Project 
Count 

Percent 
of 

Projects
2013-
2018 

Upgrade Site-built Rebate All 9.0+ 571 2,327 43.5% 

2013-
2018

Upgrade Site-built Rebate All 9.5+ 1,343 3,026 56.5%

2013-
2018 

Upgrade Site-built Rebate All 
Weighted 
Average 

1,010 5,353 100% 

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-seven percent of projects received incentives for qualifying heat pump commissioning activities 
or advanced controls during the time period analyzed. Deemed savings values for commissioning and 
controls measures varied somewhat over time and depending on the activities completed and heating 
zone. The baseline for commissioning measures assumes that new heat pumps are not fully commissioned 

 
3 Itron. 2006. 2003-2004 Home Energy Savings Program Residential Impact Evaluation: For the Energy Trust of 
Oregon, Inc. Retrieved on 7/9/2021 from: https://www.energytrust.org/wp-
content/uploads/2016/11/2003_2004_HES_Impact.pdf 
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and that they have standard, not advanced, controls installed. Deemed savings ranged from 450 to 1,210 
kWh per year and had a weighted average, based on project volume, of 500 kWh. When added to the 
weighted average deemed savings for 77 percent of heat pump upgrades, the overall expected savings 
per home was 1,390 kWh per year, on average. For projects known to have received commissioning 
measures, the weighted average deemed savings were 1,560 kWh per year. 

Methods

Electric savings for heat pump upgrades were analyzed separately for site-built and manufactured homes. 
The Recurve impact analysis tool uses monthly utility billing data to conduct pre/post 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 in a comparison group—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 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 upgrades were somewhat higher than expected from the deemed 
savings. However, as noted above, the implicit baseline in this analysis is the existing condition system, 
prior to a new heat pump being installed. This contrasts with the market baseline system assumed by the 
deemed savings. Since the market baseline system, with an HSPF of 8.5, is likely more efficient than the 
existing systems that were replaced, the observed savings in this analysis would be higher than expected 
when compared to the deemed savings. This suggests that a direct comparison between the analysis 
findings and deemed savings values would be misleading and probably overly optimistic. Further 
complicating matters, the existing conditions encompassed in this analysis may have included 
nonfunctional heat pump systems and non-electric heating systems, such as oil furnaces.  

In the case of nonfunctional heat pumps, pre-installation energy usage would be quite high if occupants 
relied on the system’s backup resistance heat or portable electric heaters prior to installing the new heat 
pump. This means the pre-installation energy usage would be more like an electric forced air furnace than 
a heat pump. In this scenario, the observed savings would be higher than expected when compared to 
the deemed savings and a market baseline. In the case of fuel switching from non-electric systems, pre-
installation electricity usage would be quite low, and the new heat pump would result in a significant 
increase in electricity usage. This would result in negative savings and is not a scenario that would ideally 
be included in a pre-post analysis. Unfortunately, we were unable to assess the prevalence of either of 
these scenarios, but the relatively high pre-installation heating loads indicate that fuel switching was 
probably uncommon. In addition, without running energy simulations, we have no information about the 
expected heating load of a market baseline system to compare to the heating loads of existing systems 
included in this analysis. We also do not have any data on the HSPF values for the existing equipment or 
the exact HSPF values for the installed equipment. 

Given these limitations, translating the observed savings from the analysis to savings with a market 
baseline would be fraught and rely on many assumptions. To address this, we estimated a conservative 
range of possible savings values for the efficient case versus a market baseline system, using two extreme 
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existing condition scenarios and simple assumptions to create adjustment factors. In the first scenario, we 
assumed that 100 percent of existing systems were heat pumps with inoperable compressors, performing 
similar to eFAF systems with an HSPF of 3.4.4 The second scenario assumed that 100 percent of existing 
systems were operable heat pumps with HSPF of 7.7, the minimum efficiency level of a prior heat pump 
equipment standard. The true existing conditions were probably somewhere in between these extremes. 
Each of these scenarios was used to compute an adjustment factor, based on the share of observed HSPF 
improvement attributable to shifting from a market baseline efficiency heat pump to a high efficiency 
system with average HSPF of 9.5.  

Scenario 1 assumed an overall improvement from the existing conditions to the efficient case from an 
HSPF of 3.4 to 9.5. Scenario 2 assumed an overall improvement from an HSPF of 7.7 to 9.5. For both 
scenarios, we calculated the portion of the HSPF improvement attributable to the shift from a market 
baseline (8.5) to a high efficiency system (9.5). This resulted in two adjustment factors for converting the 
observed savings, with an existing condition baseline, into savings estimates with a market baseline. The 
following equation was used to develop the adjustment factors: 

=
( )

( )
 

where: 

=       = 9.5 

=      =  8.5 

=        

= 3.4   1 

= 7.7   2 

The resulting adjustment factor was 6.6 percent for scenario 1 and 50.3 percent for scenario 2. These 
adjustment factors were applied to the observed savings from the analysis to estimate a range of possible 
savings values for the efficient case compared to a market baseline system. In addition, we simply 
reported the observed energy savings of heat pump upgrades as compared to the existing conditions. 

We analyzed heat pump project savings overall and by several factors, including heating zone5, home size, 
heat pump commissioning status, electric utility, and installer. Many of the analyses spanned across 
heating zones because projects in heating zone 2 were less common, and so that we could identify the 
impact of other factors.  

 
4 HSPF is based on a unit conversion from the assumed COP of 1.0 for electric resistance heat: Avg COP = Heat 
transferred / electrical energy supplied = (HSPF * 1055.056 J/BTU) / (3600 J/watt-hour) = 0.29307111. The HSPF for 
a system with COP of 1.0 is equivalent to 1.0 / 0.29307 = 3.4. 
5 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 Upgrade Results

Overall Savings

Heat pump upgrade projects completed between 2013 and 2018 in site-built homes saved an average of 
1,520 kWh per year (+/-120) or 8 percent of pre-installation electricity usage. When adjusted to assume a 
market baseline, the estimated savings ranged from 100 kWh to 760 kWh per year, with a midpoint of 
430 kWh. There were 3,187 site-built homes analyzed in the treatment group. These homes had average 
annual pre-installation electricity usage of 19,290 kWh, with estimated heating loads of 6,790 kWh (35 
percent of usage). They were widely distributed across Energy Trust’s electric service territory in Oregon.  

Heat pump upgrade projects in manufactured homes saved an average of 2,150 kWh per year (+/-350) or 
14 percent of pre-installation electricity usage. When adjusted to assume a market baseline, the 
estimated savings ranged from 140 kWh to 1,080 kWh per year, with a midpoint of 610 kWh. There were 
193 manufactured homes analyzed in the treatment group. These homes had average annual pre-
installation electricity usage of 15,530 kWh, with estimated heating loads of 5,940 (38 percent of usage). 
They were concentrated in the metro areas of Western and Central Oregon.  

The results for heat pump upgrade projects by home type are shown in Chart 1, below. The black whisker 
lines at the ends of the bars represent the 90 percent confidence intervals for the savings estimates. 

 
Chart 1: Electric savings for heat pump upgrades by home type 

These results show that heat pump upgrade savings were higher than the deemed savings, overall, 
especially among manufactured homes. Projects in manufactured homes saved 630 kWh more than those 
in site-built homes, on average, a significant difference. However, the majority of these projects also 
received commissioning incentives (77 percent). When adjusted to assume a market baseline, single-
family projects did not perform well compared to the overall deemed savings of 1,390 kWh per year, 
which includes the weighted average deemed commissioning savings. Estimated realization rates ranged 
from 7 to 55 percent, with a midpoint of 31 percent. Manufactured homes performed slightly better 
compared to the deemed savings, with estimated realization rates ranging from 10 to 78 percent, with a 
midpoint of 44 percent. 
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That the relatively robust overall savings results did not result in strong realization rates can be explained 
by the high portion of savings attributable to simply replacing the existing conditions with a new heat 
pump. As discussed above, an upgrade from existing conditions is likely to save more than an upgrade 
from the market baseline heat pump assumed in the deemed savings values. The observed savings for 
high efficiency heat pumps replacing the existing conditions would need to be much higher than the 
deemed savings for there to be a large amount of savings attributable to the increase in efficiency from a 
market baseline to high efficiency heat pump. 

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

Heating zone 
Home size 
Installation contractor 
Electric utility 
Commissioning status 

Heating Zone Impact 

For site-built homes in heating zone 1, heat pump upgrades saved an average of 1,490 kWh per year (+/-
130) or 8 percent of pre-installation electricity usage. When adjusted to assume a market baseline, the 
estimated savings ranged from 98 to 750 kWh per year, with a midpoint of 420 kWh. There were 2,973 
site-built homes analyzed in heating zone 1. These homes had average annual pre-installation electricity 
usage of 19,250 kWh with estimated heating loads of 6,690 kWh (35 percent of usage). They were 
distributed across heating zone 1 in Oregon. Heating zone 1 results were similar to the overall results 
because 93 percent of site-built homes in the treatment group were located in heating zone 1.  

For site-built homes in heating zone 2, heat pump upgrades saved an average of 2,150 kWh per year (+/-
540) or 11 percent of pre-installation electricity usage. When adjusted to assume a market baseline, the 
estimated savings ranged from 140 kWh to 1,080 kWh per year, with a midpoint of 610 kWh. There were 
199 site-built homes analyzed in heating zone 2. These homes had average annual pre-installation 
electricity usage of 20,330 kWh with estimated heating loads of 8,010 kWh (39 percent of usage). They 
were concentrated in Central Oregon. Heating zone 2 savings were significantly higher, on average, than 
the overall results. 

The results for site-built homes by heating zone are shown in Chart 2, below. The gray reference line 
shows the overall average savings. 
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Chart 2: Electric savings for heat pump upgrades in site-built homes by heating zone 

For manufactured homes in heating zone 1, heat pump upgrades saved an average of 2,140 kWh per year 
(+/-370) or 14 percent of pre-installation electricity usage. When adjusted to assume a market baseline, 
the estimated savings ranged from 140 kWh to 1,080 kWh per year, with a midpoint of 610 kWh. There 
were 174 manufactured homes analyzed in heating zone 1. These homes had average annual pre-
installation electricity usage of 15,309 kWh with estimated heating loads of 5,850 kWh (38 percent of 
usage). They were concentrated in the metro areas of Western Oregon. Heating zone 1 results were 
similar to the overall results because 90 percent of manufactured homes in the treatment group were 
located in heating zone 1. 

Electricity savings could not be assessed for manufactured homes in heating zone 2 due to a small number 
of projects. 

The results indicate that heat pump upgrade projects achieved significantly higher electric savings in 
heating zone 2 than in heating zone 1, in line with our expectations, due to the colder climate of heating 
zone 2 and higher pre-installation heating loads. When adjusted to assume a market baseline, site-built 
projects in heating zone 1 did not perform well compared to the overall deemed savings of 1,390 kWh per 
year, with estimated realization rates ranging from 7 to 54 percent, with a midpoint of 31 percent. Homes 
in heating zone 2 performed slightly better, with estimated realization rates ranging from 10 to 78 
percent, with a midpoint of 44 percent. Manufactured homes in heating zone 1 also performed somewhat 
better than their single-family counterparts, with estimated realization rates ranging from 10 to 78 
percent, with a midpoint of 44 percent. 

Home Size Impact 

Home size information was only available for 62 percent of site-built homes in the treatment group, so 
we could only assess savings by home size for a subset (n=1,980). Average electricity savings for homes 
with square footage data available was 1,760 kWh per year, 240 kWh higher than the overall average for 
all site-built homes. As a result, this analysis likely overestimates savings for each home size category 
somewhat, but we have no reason to believe that the collection of home size information was biased, so 
the overall trend and differences between categories is still informative.  
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For site-built homes, electricity savings for heat pump upgrades were relatively similar across home sizes, 
with a moderate, but insignificant, difference in savings between homes in the smallest and largest size 
categories. Homes less than 1,200 square feet (n=108) saved the least, with an average of 1,640 kWh per 
year (+/-530) or 11 percent of pre-installation electricity usage. Homes from 1,200 to 1,999 square feet 
(n=788) saved an average of 1,700 kWh per year (+/-200) or 10 percent of pre-installation electricity 
usage. Homes from 2,000 to 2,999 square feet (n=728) saved an average of 1,680 kWh per year (+/-260) 
or 8 percent of pre-installation electricity usage. Lastly, homes of 3,000 square feet and larger (n=356) 
saved an average of 2,110 kWh per year (+/-600) or 8 percent of pre-installation electricity usage. When 
adjusted to assume a market baseline, the estimated savings for homes under 3,000 square feet ranged 
from 110 kWh to 850 kWh per year, with a midpoint of 480 kWh, while larger homes saved between 140 
and 1,060 kWh per year, with a midpoint of 600 kWh. The average annual pre-installation electricity usage 
increased dramatically with home size, from 15,600 kWh for the smallest homes to 28,090 kWh for the 
largest homes. The estimated annual heating loads increased similarly with size from 4,950 kWh to 9,030 
kWh (32 to 35 percent of total usage). All home size categories had relatively robust treatment group 
sample sizes for this analysis (n>100).  

The results by home size in site-built homes are shown in Chart 3, below. The gray reference line shows 
the overall average savings for homes with square footage data available. 

 
Chart 3: Electric savings for heat pump upgrades in site-built homes by home size6

Electricity savings could not be assessed for manufactured homes by home size due to the relatively small 
number of total projects. 

The results show that absolute heat pump upgrade savings were 470 kWh higher in the largest homes 
than in the smallest homes, although this difference was not statistically significant. In addition, the 
percent savings for the largest homes was about 25 percent lower than for the smallest homes. The 
adjusted savings assuming a market baseline showed the same trend, with estimated midpoint realization 

 
6 Square footage data were only available for 62 percent of homes and the average energy savings for these homes 
was significantly higher than the overall average. Thus, these results overestimate savings for the population of 
homes in each size category. 
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rates around 35 percent for homes up to 3,000 square feet, increasing to 43 percent for homes 3,000 
square feet and above. It is intuitive that larger homes with higher electricity usage and heating loads 
would have higher savings potential, particularly if the systems replaced were substantially larger. 
However, the differences in savings do not appear to be statistically significant, so may simply be a result 
of higher variability and lower precision among the smallest and largest homes. 

Installation Contractor Impact

We analyzed electricity savings by installation contractor for site-built homes. However, there were many 
contractors active in this market, so the project sample size for each contractor was relatively small, 
making it difficult to compare results between them. In addition, there are likely to be many complex 
factors that are more influential to savings than installation quality, and some important factors may be 
inseparable from the contractor’s business, such as heat pump brand, heating zone of projects, home 
sizes, frequency of replacing inoperable systems, etc. With these limitations in mind, we found that four 
of the top five installation contractors appeared to realize higher heat pump upgrade savings, on average, 
than their counterparts. These contractors worked in homes with higher-than-average pre-installation 
electricity usage, which may partially explain the difference. One of the top five contractors appeared to 
realize lower savings, on average, than their counterparts, but they also installed heat pumps in homes 
with lower-than-average pre-installation electricity usage. The remaining contractors, which had lower 
project volumes, realized roughly the same level of savings, in aggregate, as the overall average. 

Electricity savings could not be assessed for manufactured homes by installation contractor due to the 
relatively small number of total projects. 

Electric Utility Impact 

For site-built homes that were customers of Portland General Electric (PGE), heat pump upgrades saved 
an average of 1,440 kWh per year (+/- 160) or 7 percent of pre-installation electricity usage, similar to the 
overall average. When adjusted to assume a market baseline, the estimated savings ranged from 90 kWh 
to 720 kWh per year, with a midpoint of 410 kWh. There were 1,799 site-built homes analyzed in PGE 
territory—56 percent of the treatment group. These homes had average annual pre-installation electricity 
usage of 19,220 kWh, with estimated heating loads of 6,820 kWh. They were distributed across PGE’s 
service territory in the Portland and Salem metro areas.  

For site-built homes that were customers of Pacific Power, heat pump upgrades saved an average of 1,630 
kWh per year (+/-190) or 8 percent of pre-installation electricity usage, similar to the overall average.  
When adjusted to assume a market baseline, the estimated savings ranged from 110 kWh to 820 kWh per 
year, with a midpoint of 460 kWh. There were 1,388 site-built homes analyzed in Pacific Power territory—
44 percent of the treatment group. These homes had average annual pre-installation electricity usage of 
19,400 kWh, with estimated heating loads of 6,760 kWh. They were distributed across Pacific Power’s 
Oregon territory, with a concentration of projects in Southern Oregon. 

The results by electric service territory in site-built homes are shown in Chart 4, below. The gray reference 
line shows the overall average savings. 
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Chart 4: Electric savings for heat pump upgrades in site-built homes by electric utility 

For manufactured homes that were customers of PGE, heat pump upgrades saved an average of 1,860 
kWh per year (+/-690) or 12 percent of pre-installation electricity usage, similar to the overall average. 
When adjusted to assume a market baseline, the estimated savings ranged from 120 kWh to 930 kWh per 
year, with a midpoint of 530 kWh. There were 59 manufactured homes analyzed in PGE territory—31 
percent of the treatment group. These homes had average annual pre-installation electricity usage of 
15,050 kWh, with estimated heating loads of 6,280 kWh. They were distributed across PGE’s service 
territory in the suburban areas of the Portland and Salem metro areas, with the notable exceptions of the 
cities of Beaverton, and Hillsboro. There were relatively few projects available for this analysis, so the 
precision of the savings estimate was moderately low and the results may be unreliable. 

For manufactured homes that were customers of Pacific Power, heat pump upgrades saved an average of 
2,250 kWh per year (+/-420) or 14 percent of pre-installation electricity usage, similar to the overall 
average. When adjusted to assume a market baseline, the estimated savings ranged from 150 kWh to 
1,130 kWh per year, with a midpoint of 640 kWh. There were 134 manufactured homes analyzed in Pacific 
Power territory—69 percent of the treatment group. These homes had average annual pre-installation 
electricity usage of 15,740 kWh, with estimated heating loads of 5,790 kWh. They were concentrated in 
Southern Oregon. 

The results by electric territory in manufactured homes are shown in Chart 5, below. The gray reference 
line shows the overall average savings. 
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Chart 5: Electric savings for heat pump upgrades in manufactured homes by electric utility7 

Electric utility impact in heating zone 1. For site-built homes within PGE territory in heating zone 1, heat 
pump upgrades saved an average of 1,470 kWh per year (+/-170) or 8 percent of pre-installation electricity 
usage. For site-built homes within Pacific Power territory in heating zone 1, heat pump upgrades saved an 
average of 1,520 kWh per year (+/-200) or 8 percent of pre-installation electricity usage. Both of these 
estimates are similar to the average savings for heating zone 1. 

Electric utility impact in heating zone 2. For site-built homes within Pacific Power territory in heating zone 
2, heat pump upgrades saved an average of 2,240 kWh per year (+/-570) or 11 percent of pre-installation 
electricity usage. This estimate was similar to the average savings for heating zone 2. There were an 
insufficient number of site-built homes within PGE territory in heating zone 2 (n=17) to produce a 
meaningful estimate of electricity savings. 

The results by electric utility and heating zone in site-built homes are shown in Chart 6, below. The gold 
reference line shows the average savings in heating zone 1 and the green reference line shows the average 
savings in heating zone 2. 

7 Note: the savings estimate for manufactured homes in PGE territory is based on relatively few observations 
(n=59), so the results may be unreliable. 
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Chart 6: Electric savings for heat pump upgrades in site-built homes by electric utility & heating zone8

For manufactured homes, electricity savings for heat pump upgrades were not assessed by both electric 
utility and heating zone, due to the relatively low number of projects.  

These results show that heat pump upgrade savings were slightly higher overall in Pacific Power territory 
than in PGE territory—190 kWh higher for site-built homes and 390 kWh for manufactured homes. 
However, these differences were not statistically significant and are mostly attributable to differences in 
climate between the two utility territories. When the analysis was constrained to heating zone 1, site-
built homes in PGE territory saved roughly the same as those in Pacific Power territory (50 kWh less). 
Within heating zone 2, savings in site-built homes in Pacific Power territory were similar to the average 
for heating zone 2 overall (80 kWh more). When adjusted to assume a market baseline, site-built homes 
in heating zone 1 had midpoint realization rates of 30 percent in PGE territory and 31 percent in Pacific 
Power territory, based on the weighted average deemed savings value of 1,390 kWh. The similarity in 
savings and realization rates between utility territories, after accounting for climate, points to cross-
territory similarities between homes that have heat pumps as the existing condition heating and cooling 
equipment. 

Commissioning Impact 

In site-built homes, heat pump upgrades where incentives were provided for commissioning services or 
advanced controls saved an average of 1,580 kWh per year (+/-130) or 8 percent of pre-installation 
electricity usage. This estimate is very similar to the overall results for heat pump upgrades. When 
adjusted to assume a market baseline, the estimated savings ranged from 100 kWh to 790 kWh per year, 
with a midpoint of 450 kWh. There were 2,449 projects analyzed that received incentives for some type 
of commissioning—77 percent of treatment group homes. These site-built homes had average annual 
pre-installation electricity usage of 19,150 kWh, with estimated heating loads of 6,760 kWh. They were 
distributed across Energy Trust’s electric territory in Western and Central Oregon.  

 
8 Note: savings could not be reliably estimated for PGE customers in heating zone 2, due to a low sample size 
(n=17). 
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In site-built homes, heat pump upgrades that did not receive incentives for commissioning services saved 
an average of 1,380 kWh per year (+/-230) or 7 percent of pre-installation electricity usage. Although this 
estimate appears to be slightly lower than the overall average savings, it is not significantly different. 
When adjusted to assume a market baseline, the estimated savings ranged from 90 kWh to 700 kWh per 
year, with a midpoint of 390 kWh. There were 741 projects analyzed that did not receive any 
commissioning incentives—23 percent of treatment group homes. These site-built homes had average 
annual pre-installation electricity usage of 19,920 kWh, with estimated heating loads of 6,880 kWh. They 
were distributed across Energy Trust’s electric service territory in Western and Central Oregon.  

The results by commissioning status in site-built homes are shown in Chart 7, below. The gray reference 
line shows the overall average savings. 

 
Chart 7: Electric savings for heat pump upgrades in site-built homes by commissioning status 

In manufactured homes, heat pump upgrades that received incentives for commissioning services saved 
an average of 2,180 kWh per year (+/-360) or 14 percent of pre-installation electricity usage, similar to 
the overall average. When adjusted to assume a market baseline, the estimated savings ranged from 140 
kWh to 1,100 kWh per year, with a midpoint of 620 kWh. There were 148 projects analyzed that received 
some type of commissioning incentives—77 percent of treatment group homes. These manufactured 
homes had average annual pre-installation electricity usage of 15,290 kWh, with estimated heating loads 
of 5,740 kWh. They were distributed across Energy Trust’s electric territory in Western Oregon, with a 
concentration in Southern Oregon. 

Electricity savings could not be assessed for manufactured homes that did not receive heat pump 
commissioning incentives, due to a small number of projects. 

Commissioning impact in heating zone 1. For site-built homes in heating zone 1, heat pump upgrades that 
received commissioning incentives saved an average of 1,560 kWh per year (+/-140) or 8 percent of pre-
installation electricity usage. Those that did not receive commissioning incentives saved an average of 
1,280 kWh per year (+/-240) or 6 percent of pre-installation electricity usage, slightly lower than the 
heating zone 1 average, but not significantly different.  
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Commissioning impact in heating zone 2. For site-built homes in heating zone 2, heat pump upgrades that 
received commissioning incentives saved an average of 2,040 kWh per year (+/-620) or 10 percent of pre-
installation electricity usage. Those that did not receive commissioning incentives saved an average of 
2,320 kWh per year (+/-800) or 11 percent of pre-installation electricity usage. This savings estimate may 
be unreliable, due to a relatively small number of projects in heating zone 2 without commissioning (n=78) 
and a low level of precision. Both savings estimates are similar to the heating zone 2 average. 

The results for site-built homes by commissioning status and heating zone are shown in Chart 8, below. 
The gold reference line shows the average savings in heating zone 1 and the green reference line shows 
the average savings in heating zone 2. 

 
Chart 8: Electric savings for heat pump upgrades in site-built homes by commissioning status and heating 

zone9 

Electricity savings for heat pump upgrades in manufactured homes were not assessed by both 
commissioning status and heating zone, due to the relatively low number of projects.  

Commissioning impact for PGE customers. For site-built homes in PGE territory, heat pump upgrade 
projects that received commissioning incentives saved an average of 1,490 kWh per year (+/-180) or 8 
percent of pre-installation electricity usage. Projects in PGE territory that did not receive commissioning 
incentives saved an average of 1,390 kWh per year (+/-320) or 7 percent of pre-installation electricity 
usage. These estimates are both similar to the average savings in PGE territory. 

Commissioning impact for Pacific Power customers. For site-built homes in Pacific Power territory, heat 
pump upgrade projects that received commissioning incentives saved an average of 1,730 kWh per year 
(+/- 200) or 9 percent of pre-installation electricity usage. Projects in Pacific Power territory that did not 
receive commissioning incentives saved an average of 1,490 kWh per year (+/-340) or 7 percent of pre-
installation usage. Although projects that received commissioning appear to have slightly higher savings 

9 Note: the savings estimate for homes in heating zone 2 that did not receive commissioning incentives is based on 
relatively few observations (n=78), so the results may be unreliable. 
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than those that did not, the difference is not significant, and both estimates are similar to the average 
savings in Pacific Power territory. 

The results for site-built homes by commissioning status and utility territory are shown in Chart 9, below. 
The gold reference line shows the average savings in PGE territory and the green reference line shows the 
average savings in Pacific Power territory. 

 
Chart 9: Electric savings for heat pump upgrades in site-built homes by commissioning status and electric 

utility 

Electricity savings for heat pump upgrades in manufactured homes were not assessed by both 
commissioning status and electric utility, due to the relatively low number of projects.  

These results show that heat pump upgrade projects in site-built homes that received incentives for 
commissioning activities may have saved slightly more electricity than those that did not. Overall, 
commissioned projects saved 200 kWh per year more than non-commissioned projects, on average, 
although the difference was not statistically significant. Based on the weighted average deemed savings 
value of 500 kWh, the realization rate for commissioning services was 40 percent. Projects receiving 
commissioning measures assumed higher deemed savings, with a weighted average of 1,510 kWh, while 
projects with no commissioning had weighted average deemed savings of 1,010 kWh. After adjusting the 
results to assume a market baseline, the estimated realization rate for projects that received 
commissioning ranged from 7 to 53 percent, with a midpoint of 30 percent. Due to the lower deemed 
savings for projects without commissioning, these projects performed slightly better, with an estimated 
realization rate between 9 and 69 percent, with a midpoint of 39 percent. 

Within heating zone 1, projects that received commissioning saved 280 kWh per year more than those 
that did not. This difference approached statistical significance. Within heating zone 2, non-commissioned 
projects appeared to save 270 kWh more than commissioned projects. However, the difference was not 
significant, and the precision of the savings estimates was low, so this apparent reversal in the trend may 
simply be due to random chance. When breaking out the analysis by electric utility, both PGE and Pacific 
Power customers that received incentives for commissioning saved slightly more than those that did not. 
In PGE territory, commissioned projects saved 100 kWh more than non-commissioned projects, on 
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average, but the difference was not significant. In Pacific Power territory, commissioned projects saved 
240 kWh more than non-commissioned projects, on average. Again, this difference was not significant, 
but it does suggest the presence of a small but consistent trend. 

That commissioning activities did not appear to save as much energy as expected, when done in 
conjunction with heat pump upgrades, could have several explanations. First, it may simply be due to 
random variability in energy usage or confounding factors related to commissioning that are not 
accounted for in this analysis. It may also be that the commissioning activities associated with Energy Trust 
incentives are already common practice in the industry, or at least among trade ally contractors. In this 
case, there would be less 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 much energy in heat pump 
upgrade projects, particularly in heating zone 2. When adjusted to assume a market baseline, the 
difference in savings between commissioned and non-commissioned projects was further reduced. There 
may also be additional factors at work that are not accounted for in this analysis that could drive 
differences in savings between commissioned and non-commissioned projects. Although heat pump 
commissioning activities may add a small amount of savings to heat pump upgrades, we did not have 
enough statistical power to precisely estimate the impact, given the available sample size and variability 
in savings. 

Trends over Time 

We analyzed electric savings for heat pump upgrades in site-built homes by installation year to see if there 
were changes occurring over time. To minimize year-to-year variance introduced by the comparison 
group, and better detect any trends, we analyzed only the treatment group’s change in normalized annual 
electricity usage, as a proxy for savings. There was no clear trend, so it appears that electric savings have 
remained relatively consistent over time. The time trend is shown in Chart 10, below. The gray reference 
line shows the overall average change in normalized usage and the dotted orange line shows the fitted 
linear model. 
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Chart 10: Change in normalized annual electricity usage for heat pump upgrades in site-built homes by 

year, 2013-2017 

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 treatment group’s change in normalized annual electricity 
usage, as a proxy for savings. Electric savings for heat pump upgrades in manufactured homes were flat 
over time. The time trend is shown in Chart 11, below. The gray reference line shows the overall average 
change in normalized usage and the dotted orange line shows the fitted linear model. 

 
Chart 11: Change in normalized annual electricity usage for heat pump upgrades in manufactured homes 

by 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 from low to very high. 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 considered to be too unreliable to assess and 
are not reported here (with one minor exception). For the adjusted savings estimates and realization rates 
assuming a market baseline, a number of assumptions were used and a rather simplistic adjustment factor 
was applied. Although we present a range of adjusted savings based on two extreme existing condition 
baseline scenarios, there is additional uncertainty inherent in these estimates. The precision of the 
underlying savings estimates and potential errors in assumptions are not fully captured in the range of 
adjusted savings values. However, these savings ranges provide reasonable bookends for heat pump 
upgrade savings compared to a market baseline. 

Summary of Results 

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

Table 2: Summary of heat pump upgrade electric savings (kWh) in site-built homes 

Heating 

Zone
Utility

Cx 

Status 
Home Size N* 

Pre-Install 

Energy 

Usage  

Pre-Install

Heating 

Usage 

Average 

Savings† 

Absolute 

Precision† 

Percent 

Savings†

Conf. 

Rating 

All All All All 3,187 19,289 6,792 1,518 ±125 8% Very High

1 All All All 2,973 19,253 6,687 1,491 ±129 8% Very High

2 All All All 199 20,332 8,012 2,151 ±543 11% Moderate

All PGE All All 1,799 19,215 6,815 1,438 ±164 7% High

All PAC All All 1,388 19,404 6,761 1,632 ±191 8% High

All All Yes All 2,449 19,150 6,764 1,578 ±132 8% Very High

All All No All 741 19,920 6,884 1,382 ±229 7% High

All All All <1,200 108 15,605 4,954 1,641 ±530 11% Moderate

All All All 1,200-1,999 788 16,617 5,826 1,698 ±203 10% High

All All All 2,000-2,999 728 20,010 6,820 1,680 ±261 8% High

All All All 3,000 356 28,093 9,032 2,109 ±595 8% Moderate

1 PGE All All 1,776 19,325 6,726 1,472 ±166 8% High

1 PAC All All 1,197 19,194 6,634 1,524 ±204 8% High

2 PAC All All 182 20,669 7,282 2,236 ±573 11% Moderate

1 All Yes All 2,317 19,131 6,660 1,558 ±135 8% Very High

1 All No All 656 19,732 6,784 1,275 ±241 6% High

2 All Yes All 121 19,767 8,341 2,044 ±622 10% Moderate

2 All No All 78 21,209 7,408 2,317 ±805 11% Low 
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Heating 

Zone
Utility

Cx 

Status 
Home Size N* 

Pre-Install 

Energy 

Usage  

Pre-Install

Heating 

Usage 

Average 

Savings† 

Absolute 

Precision† 

Percent 

Savings†

Conf. 

Rating 

All PGE Yes All 1,435 19,299 6,793 1,488 ±175 8% High

All PGE No All 366 19,128 6,904 1,388 ±324 7% Moderate

All PAC Yes All 1,014 18,970 6,723 1,732 ±202 9% High

All PAC No All 377 20,998 6,864 1,487 ±335 7% Moderate

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. Future participant comparison group sample sizes tended 
to be slightly larger than treatment group sample sizes, for any given analysis. 
† The savings, precision, and percent savings values are based on changes in annual energy usage compared to a 
future participant comparison group. 

Table 3: Summary of heat pump upgrade electric savings (kWh) in manufactured homes 

Heating 

Zone 
Utility 

Cx 

Status 
N* 

Pre-Install

Energy 

Usage 

Pre-Install

Heating 

Usage 

Average 

Savings† 

Absolute 

Precision†

Percent 

Savings† 

Conf. 

Rating 

All All All 193 15,530 5,942 2,153 ±350 14% High 

1 All All 174 15,309 5,848 2,139 ±371 14% High 

All PGE All 59 15,046 6,283 1,856 ±686 12% Very Low

All PAC All 134 15,744 5,793 2,247 ±423 14% High 

All All Yes 148 15,289 5,740 2,179 ±358 14% High 

* N is the final treatment group sample size in the analysis. Future participant comparison group sample sizes tended 
to be slightly larger than treatment group sample sizes, for any given analysis. 
† The savings, precision, and percent savings values are based on changes in annual energy usage compared to a 
future participant comparison group. 

In Table 4, below, we summarize the adjusted heat pump upgrade savings in site-built homes, along with 
the deemed savings values, and estimated realization rates, assuming a market baseline. In Table 5, we 
summarize the adjusted heat pump upgrade savings in manufactured homes. The adjusted savings and 
realization rates are provided as ranges, computed from two extreme existing condition baseline 
scenarios, since the actual existing conditions are unknown. As described above, scenario 1 assumes that 
the existing condition baseline is 100% heat pumps with inoperable compressors acting as eFAF systems 
at the time of the upgrade project. Scenario 2 assumes that the existing condition baseline is 100% 
operable heat pumps with an average HSPF rating of 7.7. Both savings scenarios assume an efficient case 
with an average HSPF rating of 9.5 and a market baseline with an average HSPF rating of 8.5. 

Table 4: Summary of adjusted heat pump upgrade electric savings (kWh) and realization rates assuming 
a market baseline in site-built homes 

Analysis Group
Deemed 

Savings* 

Scenario 1

Adjusted 

Savings** 

Scenario 2 

Adjusted 

Savings†

Midpoint 

Adjusted 

Savings 

Scenario 1 

Realization 

Rate** 

Scenario 2 

Realization 

Rate† 

Midpoint 

Realization 

Rate 

All 1,390 100 764 432 7% 55% 31% 

Heating Zone 1 1,390 98 750 424 7% 54% 31% 

Heating Zone 2 1,390 142 1,083 612 10% 78% 44% 
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Analysis Group
Deemed 

Savings* 

Scenario 1

Adjusted 

Savings** 

Scenario 2 

Adjusted 

Savings†

Midpoint 

Adjusted 

Savings 

Scenario 1 

Realization 

Rate** 

Scenario 2 

Realization 

Rate† 

Midpoint 

Realization 

Rate 

PGE 1,390 95 724 409 7% 52% 29% 

Pacific Power 1,390 108 821 464 8% 59% 33%

Commissioned 1,507 104 794 449 7% 53% 30% 

Not Commissioned 1,007 91 696 393 9% 69% 39%

<1,200 Sq. Ft. 1,390 108 826 467 8% 59% 34%

1,200-1,999 Sq. Ft. 1,390 112 855 483 8% 61% 35% 

2,000-2,999 Sq. Ft. 1,390 111 845 478 8% 61% 34%

3,000 Sq. Ft. 1,390 139 1,061 600 10% 76% 43% 

* The deemed savings values listed are weighted averages based on the savings claimed for different heat pump 
upgrade and commissioning measures during the analysis period and their respective project volumes. 
** Scenario 1 adjusted savings assume an existing condition where 100 percent of heat pump compressors were 
non-functional and were operating as eFAF systems. 
† Scenario 2 adjusted savings assume an existing condition where 100 percent of heat pumps were fully functional 
and had a rated HSPF equivalent to the prior code minimum of 7.7. 

Table 5: Summary of adjusted heat pump upgrade electric savings (kWh) and realization rates assuming 
a market baseline in manufactured homes 

Analysis Group 
Deemed 

Savings* 

Scenario 1

Adjusted 

Savings** 

Scenario 2 

Adjusted 

Savings†

Midpoint 

Adjusted 

Savings 

Scenario 1 

Realization 

Rate** 

Scenario 2 

Realization 

Rate† 

Midpoint 

Realization 

Rate 

All 1,390 142 1,084 613 10% 78% 44% 

Heating Zone 1 1,390 141 1,076 609 10% 77% 44% 

PGE 1,390 122 934 528 9% 67% 38% 

Pacific Power 1,390 148 1,131 639 11% 81% 46% 

Commissioned 1,507 144 1,097 620 10% 73% 41% 

* The deemed savings values listed are weighted averages based on the savings claimed for different heat pump 
upgrade and commissioning measures during the analysis period and their respective project volumes. 
** Scenario 1 adjusted savings assume an existing condition where 100 percent of heat pump compressors were 
non-functional and were operating as eFAF systems. 
† Scenario 2 adjusted savings assume an existing condition where 100 percent of heat pumps were fully functional 
and had a rated HSPF equivalent to the prior code minimum of 7.7. 

Conclusions and Recommendations 

The Recurve analysis of heat pump upgrade projects in electrically heated homes found the observed 
electric savings, compared to the existing conditions, were robust across the board, especially in 
manufactured homes where realized savings reached 14 percent of annual electricity usage, on average. 
In site-built homes, savings were 8 percent of annual usage, on average. In addition, energy savings 
appeared to be relatively consistent over the time period of the analysis. However, the analysis results 
presented in this memo implicitly use an existing condition baseline, whereas the deemed savings analysis 
assumed a market baseline system with HSPF of 8.5. The market baseline assumes that customers are 
already going to replace their existing heat pump system (possibly due to failure) and the incentive is 
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intended to encourage customers to upgrade from a market baseline efficiency model to a high efficiency 
model. The market baseline is probably much more efficient than the typical existing condition system 
replaced. For this reason, the results of this analysis cannot be directly compared to the deemed savings 
values. We applied adjustment factors, based on assumed improvements in HSPF ratings, to translate the 
analysis results to savings versus a market baseline. When we compared the adjusted savings to the 
deemed savings values, it became clear that heat pump upgrades saved much less electricity than 
expected. That said, the adjustment factors themselves are imprecise, based on several assumptions, and 
provide only a broad range of potential savings. Further refinements to the adjustment factors may allow 
for more accurate assessment of the portion of savings resulting from the installed high efficiency heat 
pumps compared to the market baseline. 

The observed pre-installation electricity usage and estimated heating loads in treated homes were 
relatively high for homes with air source heat pump systems and were closer to what we might expect 
to see in homes with eFAF systems. This could be explained if a substantial portion of the existing heat 
pumps replaced were in poor condition, were very inefficient, had compressors that were inoperable, or 
were significantly undersized relative to home heating requirements. In all cases, the existing system 
would have relied heavily on backup resistance heating to meet home heating loads during the pre-
installation period and would more closely resemble an eFAF system. A properly sized and efficiently 
operating new heat pump would result in relatively large observed energy savings in these scenarios, 
compared to the existing conditions, because the use of backup resistance heat would be greatly 
reduced. However, those baseline conditions would also imply that most of the observed savings were 
coming from the replacement of the old system with a new heat pump, rather than the upgrade from a 
market baseline to high efficiency system.  

In several recent heat pump retrofit evaluations, heat pump savings have suffered because newly installed 
heat pumps frequently displace the use of supplemental heating systems, like wood stoves.10,11,12 So, 
rather than purely saving electricity, a subset of homes end up saving significant amounts of wood and 
other fuels, eating into the expected electricity savings. Although fuel conversions were explicitly allowed 
with the heat pump upgrade incentives, this does not appear to have been common, based on the 
relatively high pre-installation electric heating loads and robust savings overall. However, the prevalence 
of fuel conversion projects and displacement of secondary heating sources, like wood heat, is not known. 
Another potential issue impacting savings is that added cooling loads can cannibalize some of the winter 
heating savings from new heat pumps. Many of these homes likely had heat pumps capable of cooling 
prior to the upgrade, but homes with inoperable compressors may have seen a large increase in cooling 

 
10 Rubado D. 2021. Summary of Recurve Analysis of Ducted Heat Pump Conversion Impacts. Energy Trust of 
Oregon. Retrieved on 7/12/2021 from: https://energytrust.org/wp-content/uploads/2021/04/Summary-Memo-of-
Recurve-Ducted-Heat-Pump-Conversion-Impacts-Final.pdf 
11 Jackson A, Walczyk J. 2019. Energy Trust of Oregon Residential Ductless Heat Pump Study. Cadmus Group. 
Retrieved on 7/12/2021 from: https://energytrust.org/wp-
content/uploads/2019/10/Residential_Ductless_Heat_Pump_Study_Report.pdf 
12 Dorato S, Goodman P, Yaggie M, Esposito A. 2018. Bonneville Power Administration Impact Evaluation of 
Residential Ductless Heat Pump and Prescriptive Duct Sealing Measures. Navigant Consulting. Retrieved on 
7/12/2021 from: 
https://www.bpa.gov/EE/Utility/Evaluation/Evaluation/Impact_Evaluation_of_Res_DHP_and_Prescriptive_Duct_S
ealing_Measures_draft_report.pdf 
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after installation. On the other hand, the improved cooling efficiency of the new heat pumps may have 
increased the observed savings in some cases. 

Projects completed in heating zone 2 appeared to have higher savings than those in heating zone 1, which 
aligns with our expectations, based on the colder climate and higher home heating requirements in 
heating zone 2. In addition, savings were slightly higher for Pacific Power customers than for PGE 
customers. However, this result appears to be mostly due to climate differences between the two service 
territories, because it did not persist after controlling for climate. This is an interesting contrast to the 
persistent difference that we observed between PGE and Pacific Power customers in heat pump 
conversion projects, where eFAFs were replaced with heat pumps.13 This may be due to more consistent 
existing conditions among homes upgrading existing heat pump systems. 

Home size was a minor factor in realized heat pump upgrade savings in site-built homes. Large homes, 
greater than 3,000 square feet, realized about 470 kWh more savings overall than smaller homes, less 
than 1,200 square feet. This difference was somewhat smaller when savings were adjusted for the market 
baseline. The middle two home size categories appeared to save about the same amount as the smallest 
sized homes. These findings make intuitive sense since larger homes had higher heating loads, thus more 
opportunity for savings, up to a point. In addition, savings as a percent of electricity usage decreased as 
home size increased, indicating that the increases in savings did not keep pace with increases in pre-
installation electricity usage. Heat pump sizing practices are likely a factor in how much savings different 
size homes realize. 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. A follow-up study would be needed to collect and analyze these data. 

Commissioning and advanced control incentives were associated with a small, but not statistically 
significant, increase in electricity savings for heat pump upgrade projects in site-built homes. There were 
some inconsistencies in these results by heating zone and utility, but overall, commissioning incentives 
appeared to increase heat pump upgrade savings by about 200 kWh, less than the roughly 500 kWh 
savings expected. As a result, commissioning measures in site-built homes had a roughly 40 percent 
realization rate. Unfortunately, the results were insufficiently precise to provide a reliable savings 
estimate or realization rate. 

HSPF may be an important factor affecting energy performance and savings. Unfortunately, we were 
unable to assess 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.”14 This could also 
have implications for the accuracy of the adjustment factors we used, which were based on improvements 
in HSPF ratings. In addition, it may call into question the viability of any heat pump upgrade measure. The 

 
13 Rubado D. 2021. Summary of Recurve Analysis of Ducted Heat Pump Conversion Impacts. Energy Trust of 
Oregon. Retrieved on 7/12/2021 from: https://energytrust.org/wp-content/uploads/2021/04/Summary-Memo-of-
Recurve-Ducted-Heat-Pump-Conversion-Impacts-Final.pdf 
14 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. 
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type of heat pump system, such as single-stage, multi-stage, variable capacity, or cold climate,15 may also 
have an impact on savings, but we were not able to assess this factor, due to lack of data. 

In reviewing the deemed savings analysis for heat pump upgrade measures from internal Energy Trust 
documents, we discovered that it was out of date and used several flawed assumptions and calculations. 
The deemed savings were updated at least twice, but the underlying analysis was never changed. The 
flaws in the analysis are significant enough that the deemed savings values are highly unreliable and 
should not be used in future Energy Trust measure development. Energy Trust’s heat pump upgrade 
measures and their deemed savings values expired at the end of 2017 and Energy Trust discontinued their 
use in 2018. They have not been reinstated or replaced to date. 

If Energy Trust wishes to develop new heat pump upgrade measures and rescreen them for cost-
effectiveness, the observed savings results cannot be directly used. An adjustment factor, similar to the 
one we used, first needs to be applied to translate the existing condition baseline to a market baseline to 
match the assumptions of the prior heat pump upgrade measure. An accurate adjustment may be 
challenging, given the limited information we have regarding the existing condition systems included in 
the analysis sample. In addition, there was likely some heterogeneity in the existing condition systems, 
including non-electric heating systems (e.g. oil furnaces), systems in poor condition or with inoperable 
compressors, varying efficiency levels, and undersized systems. We attempted to capture these issues 
using two extreme baseline condition scenarios to create adjustment factors to compute a range of 
adjusted savings values, assuming a market baseline. After applying these factors, the adjusted savings 
were much lower across the board. However, the range of potential savings were higher for manufactured 
homes and homes in heating zone 2. Given this, it is possible that heat pump upgrades, compared to a 
market baseline, could lead to cost-effective savings in some scenarios.  

We 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 detected only 
minor savings from commissioning activities in general, there may be certain services that are more 
effective or that can be improved. 

  

 
15 Also known as “extended capacity” variable speed heat pumps. Energy Trust researched this technology 
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.  



25 
 

Appendix A: Recurve Impact Analysis Reports 

Heat Pump Upgrade Analysis Reports:

Site-built homes – Overall results 
Manufactured homes – Overall Results 






















