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EXECUTIVE SUMMARY 

The study described here was an investigation of apparent low and high savers among single-family 

households treated by the U.S. Department of Energy’s (DOE) Weatherization Assistance Program 

(WAP) in Program Year (PY) 2008.  The study sought to better understand the factors leading to 

unusually low and high savings estimates that derived from analysis of pre- and post-weatherization 

utility consumption histories for homes heated with natural gas or electricity. 

To implement the study, a geographically diverse sample of 19 locations in 17 states was selected from 

among geographies represented in a much larger sample of homes included in the impact evaluation of 

the PY 2008 program.  Individual homes within each sampled location were then randomly selected from 

among those determined to have unusually low or high apparent savings relative to the major heating-

related measures installed in the home.
1
  A total of 105 homes were included in the final sample, of which 

71 had lower-than-expected apparent savings and 34 had higher-than-expected savings. 

For each home, a trained field technician reviewed the local weatherization agency job file to better 

understand the site and the work that was performed, then conducted a roughly two- to three-hour site 

visit that included a visual inspection, air leakage and duct leakage tests, an infrared scan and an interview 

with the client about household changes over the period of interest.  The data were then compiled and the 

sites were coded for the presence or absence of various explanatory factors for low or high savings. 

The analysis revealed a set of 10 explanatory factors for apparent low or high savings among the study 

sites, some of which were household-driven factors unrelated to the program, and some of which were 

program related. 

Household factors 

Household change – About one in four study participants experienced a change in household composition 

or schedule that could be considered a primary or contributing factor to apparent low or high energy 

savings.  These occurred with about equal incidence among apparent low- and high-savers. 

Change in use of supplemental heating – About one in three participants changed how they used 

supplemental heating sources (mainly electric space heaters).  On balance, these households were 

somewhat less likely to use supplemental sources following weatherization.  Since supplemental heating 

offsets the need for primary heat to some degree, decreased use of sources like space heaters reduces 

savings for the primary heating fuel relative to what would be seen if no supplementary fuels were used. 

Change in thermostat settings – About one in ten households reported a change in thermostat-setting 

practices following weatherization.  These were more likely to involve lower settings during the heating 

season than higher settings.  There is thus little evidence for “take-back” of heating energy savings 

following weatherization. 

Remodeling or other changes to home – Remodeling activity that would affect energy consumption was 

rare in the sample:  only two cases were identified, both involving changes that likely led to low apparent 

energy savings. 

Idiosyncratic consumption – Some households (particularly in warmer climates) used their heating system 

irregularly, such that estimated annual consumption—and savings—was particularly uncertain.  This was 

                                                      
1
 Major heating-related measures are generally considered to be:  attic insulation, wall insulation, heating system replacement and 

substantial reduction in air leakage, as measured by pre- and post-weatherization blower-door tests. 
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identified as an important factor for about one in ten cases with low apparent savings, but was rarer 

among apparent high savers. 

Program factors 

Atypical measure application – About one in three or four apparent low savers had wall or ceiling 

insulation treatments that were in fact minor applications involving a limited area.  Since the program 

typically treats most or all of the wall or ceiling area when these areas are addressed, this would explain 

lower-than-expected savings relative to more typical jobs where the treatments were more extensive.  

Conversely, about one in seven apparent high savers received ceiling insulation in spaces with little or no 

existing insulation: this would explain higher-than-average savings in these cases, because most homes 

that receive additional ceiling insulation have some existing insulation in place. 

Issue with existing heating system – A small number of apparent low savers had a heating system that 

was non-functional or malfunctioning prior to weatherization.  Repair or replacement of this system as 

part of the weatherization package meant that usage of the primary heating fuel increased following 

weatherization, leading to negative apparent savings.  In other cases, functional heating systems were 

replaced for health-and-safety reasons with new units that had about the same efficiency level as the 

existing unit:  savings from these would be expected to be less than for energy-efficiency replacements, 

which generally involved high-efficiency, condensing equipment. 

Measure persistence – A small number of apparent low savers experienced premature failure of an 

installed measure.  For example, in one case, animals largely destroyed a belly insulation work under a 

mobile home. 

Work quality – Issues with the quality of the weatherization work were deemed to be a primary or 

contributing factor to apparent low savings in about one in five cases.  These mostly had to do with the 

quality of insulation work in ceiling spaces and missed cavities for wall insulation. 

Additional measures – About half of the apparent high savers received measures such as duct sealing or 

foundation insulation that would help explain higher-than-average savings relative to the more limited set 

of measures used to establish expected savings for each site.  A small number of apparent low savers had 

health and safety related measures installed that might plausibly increase heating energy consumption:  in 

one case, for example, a home with forced-air heat had a supply register added to a crawlspace, 

presumably to help deal with moisture issues. 

Missed Opportunities 

The study identified missed energy-saving opportunities in addition to explanatory factors for apparent 

low or high energy savings.  Missed opportunities for wall or ceiling insulation, duct sealing or air 

leakage reduction were identified for about half of the apparent low savers and about a quarter of apparent 

high savers, suggesting that there is potential for additional savings from the program.  
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1. INTRODUCTION 

1.1 NATIONAL WEATHERIZATION ASSISTANCE PROGRAM EVALUATION 

OVERVIEW 

The U.S. Department of Energy’s (DOE) Weatherization Assistance Program (WAP) was created by 

Congress in 1976 under Title IV of the Energy Conservation and Production Act.  The purpose and scope 

of the Program as currently stated in the Code of Federal Regulations (CFR) 10 CFR 440.1 is “to increase 

the energy efficiency of dwellings owned or occupied by low-income persons, reduce their total 

residential energy expenditures, and improve their health and safety, especially low-income persons who 

are particularly vulnerable such as the elderly, persons with disabilities, families with children, high 

residential energy users, and households with high energy burden.” (Code of Federal Regulations, 2011) 

At the request of DOE, Oak Ridge National Laboratory (ORNL) developed a comprehensive plan for a 

national evaluation of WAP that was published in 2007.  DOE furnished funding to ORNL in 2009 for a 

national evaluation for Program Years (PY) 2007 and 2008, with a particular emphasis on PY 2008. 

ORNL subcontracted evaluation research to APPRISE Incorporated and its partners (the Energy Center of 

Wisconsin, Michael Blasnik and Associates, and Dalhoff Associates LLC). The Scope of Work (SOW) 

for the evaluation includes the following components. 

Impact Assessment – Characterization of the weatherization network and the households that are income-

eligible for WAP, measurement and monetization of the energy and nonenergy impacts of the program, 

and assessment of the factors associated with higher levels of energy savings, cost savings, and cost-

effectiveness. 

Process Assessment – Direct observation of how the weatherization network delivers services and 

assessment of how service delivery compares to national standards and documentation of how 

weatherization staff and clients perceive service delivery. 

Special Technical Studies – Examination of the performance of the program with respect to technical 

issues such as air sealing, duct sealing, furnace efficiency, and refrigerators. 

Synthesis Study – Synthesis of the findings from this evaluation into a comprehensive assessment of the 

success of the program in meeting its goals and identification of key areas for program enhancement. 

The field study described here falls under the Special Technical Studies component of the larger 

evaluation effort. 

1.2 BACKGROUND AND OBJECTIVES  

A key objective of the national evaluation is to measure the energy savings achieved by the program, and 

the primary approach used in the evaluation is to compare pre- and post-weatherization energy 

consumption for a large sample of participating households, including a comparison group of households 

that did not receive weatherization services during the period of interest.  The average impact for the 

program is estimated as the average savings observed for participants less the average observed for the 

comparison group. 

While perfectly appropriate and necessary for estimating the aggregate national impact of the program on 

energy use, the reported averages mask considerable variation in observed savings from home to home.   

For example, Fig. 1 shows the distribution of weather-normalized (but otherwise unadjusted) gas savings 

for a national sample of homes treated by the program in PY2008.  While most homes show a reduction 
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in gas consumption associated with weatherization, the observed change in usage for individual homes 

ranges from a 40 percent increase to a 75 percent decrease. 

 

 

Fig. 1. Distribution of apparent savings for national impact-evaluation sample 

 

Some of the variation in savings like that seen in Fig. 1 owes to differences in the measures that were 

installed in homes; some (e.g., thermostat-setting behavior) may owe to differences in how households 

respond to the weatherization work; and some is no doubt due to household factors that are completely 

unrelated to the program. 

The purpose of the study described here was to go beyond the averages, so to speak, and investigate in 

more detail both the program and non-program factors affecting changes in energy consumption—in 

essence to better understand the factors that drive homes into the tails of the savings distribution.   

In this regard, the study had a special interest in homes with low or negative savings, because the apparent 

savings for these are contrary to the intent of the program.  In particular, the study sought to assess the 

extent to which low apparent savings arise due to factors that are under the program’s control and, thus, 

potentially correctable.
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2. METHODOLOGY 

2.1 SAMPLING 

The study was scoped for field investigation of 100 to 120 single-family homes.  In keeping with the 

study focus on apparent low savers, a sampling goal of two-thirds low savers and one-third high savers 

was established.  The sample frame for the study was a pool of approximately 4,700 PY2008 single-

family homes with natural gas or electric heat for which pre- and post-weatherization utility data had been 

collected for the primary heating fuel.  Detailed information about the home, occupants and 

weatherization work had also been gathered under a separate task of the overall evaluation effort.   The 

sample frame included both site-built and manufactured homes. 

To keep field costs reasonable, it was necessary to geographically cluster the homes selected for the 

study.  This imposed some constraints on sample selection, because the pool of available jobs was itself 

geographically clustered.  To deal with this, homes in the sample frame were geocoded and assigned to 

geographic areas bounded by a grid of 2 degrees latitude and longitude.  This procedure yielded 38 

geographic locations with sufficient apparent low and high savers to merit consideration for the study.  

Eighteen of these locations were then selected using a procedure intended to mimic the distribution of the 

WAP population by climate region and provide geographic diversity within climate region.   

Cases with apparent low and high energy savings for the primary heating fuel (as described in more detail 

below) were then randomly selected for recruitment within each geographic area, with a goal of about six 

recruited sites per location.  Sampled households were recruited by telephone, and offered a cash 

incentive for participating.  The final study sampled comprised 105 homes in 17 states (Fig. 2).

 

Fig. 2. Sampled locations, with number of sites 

2.2 CLASSIFICATION OF LOW AND HIGH SAVERS 

The original plan for the study called for targeting homes with apparent savings that differed significantly 

from computer audit predictions.  However, this plan was deemed infeasible for two reasons.  First, only 
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about half of local weatherization agencies use a computer-audit that provides savings estimates for each 

measure and participating home—and these agencies tend to be concentrated in the Cold and Very Cold 

climate regions.  Confining the study to this portion of the population would have thus made the 

geographic breadth of the study uneven.  Second, the available sample frame for the study was Program 

Year 2008 participants that had been randomly sampled for the program-characterization and impact-

assessment components of the larger national evaluation effort.  While detailed household and measure 

data were collected for these sites as part of the larger data-collection effort, collection of computer-audit 

files was not designed into this earlier effort, and was thus not generally available for identifying a sample 

of low- and high- savers for this study.  Some computer-audit data was gathered incidentally in the course 

of executing the earlier effort, but relying on these ad hoc situations would have made the current study 

very housing-stock and geographically limited. 

Instead, as an alternative approach, a regression model was used to identify apparent low and high savers.  

The model used information about pre-weatherization heating energy intensity, measured air leakage 

reduction and whether certain major measures were installed to establish an expected range of savings for 

each job in the sample frame:  homes with apparent savings below the expected range were classified as 

apparent low savers, and sites with apparent savings above the range were deemed apparent high savers.  

The modeling procedure is described in more detail in Appendix A.   

Note that while this approach provided for some tailoring to the individual circumstances for each site, it 

was limited by the fact that the data for individual homes consisted only of binary indicators for whether a 

measure was installed.  The procedure thus could not take into account factors such as how many square 

feet of ceiling insulation was installed or what the existing insulation level was. Overall, while the 

approach taken provided a more representative national sample of apparent high- and low-savers, this 

came somewhat at the expense of knowing less about the measures and expected savings for the sites 

selected for the study. 

2.3 FIELD PROTOCOL 

The field protocol for the study comprised three parts: 

 Review of agency job files 

 On-site inspection and client interview 

 Post-visit review and with evaluation team member debrief 

At the outset of the field deployment for each location, study technicians visited local weatherization 

agencies to review job files prior to the site visits.  The purpose of the review was to check the accuracy 

of evaluation data about the household, home and measures that had been previously provided, as well as 

to obtain more detailed information from the files about the installed measures.  The field form for these 

reviews is included in Appendix B. 

The site visits lasted between 1.5 and three hours, and included: 

 a review of mechanical systems and appliances  

 inspection of insulation levels  

 a blower-door test for air leakage  

 infrared scans prior to and during the blower-door test 

 an interview with the client, covering 

o household composition and schedule changes over the period of interest 

o remodeling activity 

o use of supplementary heating fuels 
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o early removal of measures 

o recall of energy education provided under the program 

The field form is included in Appendix B. 

Following each deployment, photos and form data provided by the field technician were reviewed by a 

member of the Evaluation Team, who also debriefed the technician on key findings for each site, and 

reviewed the available natural gas and electricity consumption histories for the home.   This information 

formed the basis for a written summary for each site. 

2.4 ANALYSIS 

Analysis for the study consisted of developing a set of potential explanatory factors for apparent low or 

high energy savings, then coding each site for the presence or absence of the factor along with a short 

description of the factor, if present.  As described later, there were often multiple potential explanatory 

factors present:  the analysis distinguished between primary and contributing factors, allowing for more 

than one of each to be present for a given site.
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3. RESULTS 

Results of the study are presented as follows: 

 Characteristics of the study sample 

 Results of the analysis of explanatory factors for apparent low and high savings 

 Summary of missed opportunities 

3.1 CHARACTERISTICS OF THE STUDY SAMPLE 

It is not a given that apparent low or high savers should reflect the average characteristics of all homes 

treated by the program, but in most respects the study sample is comparable to the larger sub-population 

of  single-family homes with natural gas or electric heat (Table 1).  The strongest differences have to do 

with air leakage, where apparent low savers are leakier and high savers are tighter, and with measures, 

where apparent high savers are more likely to receive major insulation work.
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Table 1.  Selected characteristics of the study sample and all PY2008 single-family homes with natural gas or 

electric heat. 

 Study Sample All 

PY2008 

homes*  Apparent Low 

Savers 

Apparent  

High Savers 

 n=71 n=34 n=8,836 

Heating fuel    

Natural gas 80% 82% 74% 

Electricity 20% 18% 26% 

    

Type of home    

Site-built 85% 79% 77% 

Mobile home 18% 21% 23% 

    

Heated area ( mean ft
2
) 1,490 1,390 1,340 

    

Air leakage (mean cfm50)    

Pre-weatherization 3,860 2,910 3,350 

Post-weatherization 2,480 2,030 2,260 

    

Major measures (% incidence)    

Ceiling insulation 53% 79% 58% 

Wall insulation 22% 35% 24% 

New heating system 31% 35% 24% 

*Sample of single-family, site-built homes and mobile homes with natural gas or electric heat for which detailed home and 

program data were collected as part of the overall evaluation effort. 
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Fig. 3 provides a visual depiction of the apparent savings for the sites in the sample in relation to the 

range of expected savings from the regression model used to identify high and lower savers.  Sites are 

arranged from lowest to highest apparent savings, with each point representing one home in the sample.  

The shaded bars in the figure represent the expected range (20
th
 to 80

th
 percentile) of savings for each site 

from the regression models used to classify sites as apparent low or high savers (see Appendix A).  

Apparent savings range from -32 percent to +16 percent for the low savers, and from +12 percent to +60 

percent for the high savers, and the two groups can more or less be separated at about 15 percent savings.  

Notably, this is not far from the estimated national average savings for single-family, gas-heated homes in 

the program (17.8%).  However, the two groups should not be considered to be random samples of below-

average and above-average savers, as they tend to be more extreme in terms of savings. 

For the most part, apparent savings lies outside the expected range for each site.  However, the fieldwork 

did uncover some errors in the original evaluation data that was the basis for the expected savings:  

correcting these shifted the expected savings range significantly in some cases.  In addition, a small 

number of “moderate” savers were included in the original sample to fill out sample quotas in certain 

locations.  Nonetheless, it is fair to say that apparent savings for the low savers are generally lower than 

expected, and, conversely apparent savings for high savers are higher than expected. 

 

Fig. 3. Observed apparent savings and predicted savings range for study sample 
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3.2 FACTORS ASSOCIATED WITH APPARENT LOW AND HIGH SAVINGS 

Before discussing explanatory factors identified in the field study in detail, it is worthwhile to first 

explore in more detail what is implied in the notions of low and high savings.  First, it is important to 

acknowledge that low and high attain their meaning only in relation to some notion of expected savings.  

For this study, the a priori expected savings range for each home takes into account whether certain major 

measures were installed or not.   

However, there are at least three possibilities for how the expected savings range might shift upon closer 

examination of a given home: 

1. As already noted, the information about whether a major measure was installed may simply be 

erroneous. 

2. A measure may have differed markedly from a typical installation.  For example, a home listed as 

having received ceiling insulation might have had only a small portion of the ceiling area 

insulated. 

3. There may have been other important measures implemented that were not accounted for in the 

original estimates.  For example, duct sealing can sometimes have a large impact on heating 

energy consumption. 

To the extent that these factors are present for a given home, they shift the range of expected savings, and 

thus the notion of whether the observed savings are in fact low or high.  The expected savings ranges 

were adjusted to account for the first factor above:  in a few cases, this led to an apparent low- or high-

saver no longer appearing to be so.  The second and third factors above were treated as explanatory 

factors for the analysis here. 

Second, it is clear that weatherization is only one of potentially many influences on household energy 

consumption.  Changes in household composition or schedule—or changes in the use of supplemental 

heating sources—for example, can affect usage.
2
  Savings estimates that are based on the difference 

between pre- and post-weatherization energy consumption necessarily incorporate both the impact of the 

program and any non-program factors that influenced consumption during the analysis period.  It is in 

acknowledgement of this fact that “apparent” is used throughout this report when referring to savings 

estimates that may include non-program factors in addition to the actual impact of the program measures. 

The factors leading to lower- or higher-than-expected savings can thus be divided into household factors 

that are (for the most part) unrelated to the program and factors related to the program itself.  This section 

provides a brief overview of the key identified factors leading to apparent low or high savings, which are 

then discussed in more detail in subsequent subsections. 

First, though, it is useful to provide some additional detail about how the various factors were identified 

and coded.  The analysis for the study involved reviewing each site in terms of the various identified 

explanatory factors, and determining whether each was a primary or contributing factor.  Primary factors 

were those that were deemed to largely explain the full discrepancy between expected savings and 

observed changes in usage.  Contributing factors were those that would help explain these savings 

discrepancies but were unlikely to fully explain them.
3
   

                                                      
2 Weather is another obvious non-program influence on energy consumption, but savings estimates are typically normalized for 

weather using statistical techniques, as is the case here. 
3 Note that in a few cases, offsetting factors were also identified, such as when a reduction in thermostat setpoint—which would 

tend to increase apparent savings—was noted for a site with apparently low savings.  These situations were infrequent enough 

that they are omitted here. 



 

11 

The situation is complicated by the fact that multiple explanatory factors were identified for many sites.  

The analysis protocol provided for multiple primary and/or contributing factors to be identified for a 

single site.  Two (and in one case, three) primary factors were identified for about a quarter of the sites 

where any primary factor was identified.  Conversely, 17 cases lacked any identified primary factors but 

had one or more contributing factors.   The former situation is one where the full discrepancy between 

expected savings and the observed change in energy consumption could reasonably be explained by the 

combination of identified primary factors.  The latter situation represents cases where none of the 

identified factors were deemed to be sufficient to explain the discrepancy, either singly or in combination.   

There were only three cases where no primary or contributing factors could be identified. 

As noted above, in some cases, the detailed review suggested that the savings calculated for a site were in 

fact reasonably in line with the measures that were installed.  Most of these were cases where the field 

investigation revealed an error in the original data regarding the measures installed, and where correcting 

the error led to a revised expectation of savings that was consistent with the observed savings. 

Given this background, Table 2 summarizes the various household and program-related explanatory 

factors.  Five household factors were identified, four of which involve identified household-initiated 

changes, such as a change in household composition that affect energy consumption.  The fifth factor 

(idiosyncratic consumption) does not involve a specific change per se, but rather flags cases where the 

estimated savings are particularly uncertain because the household uses their heating system in an 

unpredictable fashion.  As noted in the table, all of the household factors have the potential to make 

estimated savings appear either higher or lower than they actually are.  Several program-related factors, 

on the other hand, work in one direction or the other.  For example, if there is an issue with measure 

persistence, it is safe to say that it will reduce the savings from the measure.
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The remainder of this section is devoted to discussing each of the factors in Table 2 in more detail. 

Table 2. Overview of explanatory factors for apparently low or high savings. 

 Impact on 

apparent 

savings 

Apparent Low Savers 

(n=71) 

Apparent High Savers 

(n=34) 

Primary 

factor 

Contributing 

factor 

Primary 

factor 

Contributing 

factor 

Identified household factors      

Household change ↑↓ 10% 14% 12% 15% 

Change in use of supplemental heating ↑↓ 14% 15% 6% 12% 

Change in thermostat settings ↑↓ 1% 3% 12% 6% 

Remodeling or other changes to home ↑↓ 1% 0% 0% 0% 

Idiosyncratic consumption ↑↓ 11% 17% 3% 3% 

Identified program factors      

Atypical measure application ↑↓ 18% 10% 15% 0% 

Issue with existing heating system ↓ 7% 0% 0% 0% 

Measure persistence ↓ 4% 6% 0% 0% 

Work quality  ↓ 14% 6% 0% 3% 

Additional measures ↑↓ 1% 6% 47% 6% 

Contributing,  but no Primary factor identified 23% 3% 

No Primary or contributing factor identified 4% 0% 

Savings within expected range 11% 18% 

Household Changes 

The client interview asked about changes in household members or household schedule that might have 

affected space heating energy consumption over the period of interest.  About half of the households 

reported some type of change, but many of these were deemed to be unlikely to have an appreciable 

impact on energy consumption, such as cases where the change affected only a few months of the period 

of interest, or where the household reported a change in household schedule, but stated that their 

thermostat settings were not altered. 

Other cases included changes that likely did affect energy consumption to some degree, including a small 

fraction (11 households) where the change could be considered a primary explanatory factor for apparent 
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low or high energy savings (Fig. 4, Table 3).  These include occupancy changes that were either explicitly 

noted as having affected energy consumption in the home, or for which a non-heating change in 

consumption was relatively clear in the billing history. 

Household changes were about equally prevalent as an explanatory factor among apparent low- and high-

savers.  This suggests that while these changes add variability to analyses of energy savings they do not 

particularly skew the average savings in one direction or the other. 

 

 

Fig. 4. Changes in household composition or schedule as an explanatory factor for apparent low or high 

savings. 
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Table 3. Cases where a household change was deemed a primary factor for apparent low or high savings 

Site Description 

#5 Client hospitalized during period of interest; others moved in and out 

#7 Client retired around time of Wx; other occupancy changes noted 

#23 Numerous household and schedule changes over period of interest 

#25 New baby in post-weatherization period 

#49 Additional household member and change in schedule in post-weatherization period 

#52 Significant changes in non-heating electricity consumption suggests behavioral factors for this 

electrically-heated mobile home 

#74 Household member passed away partway through pre-weatherization analysis year. 

#78 Home was occupied by someone else while owner was away for much of post-Weatherization period 

#93 Two occupants moved out around the time of weatherization; this coincided with large reduction in non-

heating electricity use for electrically-heated mobile home 

#95 Daycare in home prior to Weatherization; new baby post-Weatherization 

#103 Upstairs previously occupied by son; now unused and unheated.  Household size has declined from 8 to 

3 

Supplementary Fuels 

The client interview asked about current use of supplementary heating fuels, and whether there had been 

changes in the use of these over the period of interest.  A little more than half of the study participants 

reported some use of a supplementary heating fuel, with electric space heaters being the dominant type 

(Table 4). 

Table 4. Reported current use of supplementary heating sources 

 Never Rarely Occasionally Frequently 

Electric space heater(s)
a
 58% 10% 13% 19% 

Wood fireplace 91% 6% 2% 1% 

Wood/pellet stove 94% 0% 2% 4% 

Gas fireplace
b
 100% 0% 0% 0% 

Oil/kerosene heater 99% 0% 1% 0% 

Other 98% 0% 0% 2% 

Any of above  15% 17% 26% 

No reported use of any 

supplementary fuels 
45% 

a Excludes reported use of electric space heaters in homes with electric resistance heat. 
b Excludes reported use of gas fireplaces in gas-heated homes. 
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Some cases of supplemental fuel use were judged to be inconsequential in terms of the impact on the 

primary heating fuel, as when no evidence of reported electric space heater consumption was seen in the 

electric billing history.  On the other hand, evidence of substantial, degree-day correlated electricity usage 

was seen for a few sites where no electric space heater use was reported.  The regular increases in 

electricity consumption during winter months (in addition to summertime increases due to air 

conditioning) in Fig. 5 illustrate one such case.  These were also coded as sites with supplemental fuel 

use. 

 

Fig. 5. Electric consumption for a gas-heated home with evidence of electric space heater use before and after 

weatherization (#26). 

 

Review of the 105 sites indicated that changes in the use of supplementary fuels was likely a primary 

explanatory factor in 12 cases, and was a contributing factor for an additional 15 sites (Fig. 6, Table 5). 
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Fig. 6. Changes in supplementary fuel use as an explanatory factor for apparent low or high savings
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Table 5. Cases where a change in supplementary fuel use was deemed a primary factor for  

apparent low or high savings 

Site Description 

#1 Substantial drop in electric use evident, and client reports using electric space heaters. 

#4 Substantial reported electric space heater use prior to Wx (confirmed by electric usage history); 

discontinued after weatherization 

#8 Electric space heater use evident in electric history, though none reported by client 

#12 Frequent use of electric space heaters reported by client and evident in electric billing history. 

#26 Evidence of substantial electric space heater use in electric billing history, though no indication 

of this in interview (see Fig. 5). 

#28 Reported occasional use of wood stove and fireplace appears to confound analysis of gas 

savings. 

#32 Savings analysis confounded by substantial use of wood heater in this electrically heated home. 

#40 Use of pellet stove likely confounded analysis of savings for this electrically-heated mobile 

home. 

#45 Electric space heater use evident in billing history, and confirmed by interview 

#62 Electric space heater use evident in electric history and noted in interview; use was higher prior 

to Wx. 

#80 Change in wood stove use in this electrically heated mobile home. 

#88 Significant increase in degree-day correlated electricity use following Wx suggests use of 

electric space heaters in this mobile home. 

 

Unlike other household changes, changes in supplemental fuel use were more likely to be identified as a 

factor for apparent low savings than high savings.  The majority (80%) of these were cases where a client 

discontinued or reduced the use of electric space heaters in a gas-heated home following weatherization.  

Such behavior is plausible, given that electric space heaters are typically used in rooms that are cold and 

drafty, which weatherization often remedies.   

Note that the use of electric space heaters prior to weatherization reduces gas consumption in that period, 

and this in turn could be expected to lead to lower apparent gas savings from weatherization for impact 

analyses that focus solely on that fuel.  At the same time, electricity savings for these homes will appear 

to be larger than otherwise would be the case, and impact analyses that account for both fuels will 

correctly capture the full impact of the program. 

Such is not necessarily the case for homes with other supplementary heating sources, such as wood 

stoves, because actual consumption data on bulk fuels is difficult to obtain.  Here, reduced wood-stove 

use following weatherization will cause estimated gas savings to be artificially low, but there may be no 
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compensating data showing significant wood savings from weatherization—leading to an overall 

estimated impact that is low.  However, the limited data from this study suggests that changes in bulk-fuel 

supplementary sources are relatively uncommon. 

Thermostat Settings 

Clients were asked about their current thermostat-setting practices and about any changes over the period 

of interest.  Those who reported changing how they set their thermostat were asked about the reasons for 

these changes, with probes for whether weatherization played a role in these. 

Such changes were identified for 14 sites, with about a 60/40 split between clients who reported reducing 

settings, either permanently or by practicing regular setbacks, and those reporting increases (Table 6).   

Table 6. Incidence of reported changes in thermostat settings (number of sites) 

 Apparent low savers Apparent high savers Total 

Reduced settings 3 6 9 

Increased settings 3 2 5 

Total 6 8 14 

 

Fig. 7 highlights the nine cases where changes in thermostat setting were deemed to be a primary or 

contributing explanatory factor, along with Table 7 that presents five cases where the reported change was 

opposite to what would be needed to explain apparent low or high savings (other factors likely offset the 

reported thermostat changes for these).  Because reductions in settings were more likely to be reported 

than increases, these changes were more likely to be identified as a contributing factor to apparent high 

savings than low savings.  In any event, these self-reported data provide little evidence for widespread  

“take-back” of weatherization savings through increased thermostat settings as an explanatory factor for 

apparent low savers.   
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Fig. 7. Reported changes in thermostat settings as an explanatory factor for apparent low or high savings 

 

Table 7. Cases where a change in thermostat settings was deemed a primary factor for apparent  

low or high savings. 

Site Description 

#29 Client did not understand how to use new thermostat; kept it at a high setting 

#79 Client reported practicing setback after weatherization 

#81 Client reported reduction in setting from 78F to 76F following weatherization 

#85 Client stated that the thermostat is kept at a lower setting following weatherization 

#91 Client purchased a programmable thermostat as a result of weatherization education, and is 

using it. 
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Remodeling 

Remodeling or other structural alterations to the homes in the study sample was rare:  only two cases were 

identified.  In the first (#55), the client finished the basement during the post-weatherization analysis 

period and added baseboard electric heat to the new space (the primary heat for the home is natural gas).  

This was a confounding factor from the stand-point of the original analysis that flagged the site as an 

apparent low-saver without knowledge of remodeling activity, though the addition of electric heat makes 

the direction of the impact unclear.   

The second case (#87) involved a client who removed the sheetrock for 2
nd

 story kneewalls, which caused 

weatherization-installed insulation to fall down.  Because this occurred after the one-year, post-

weatherization analysis period—and because the site in question was an apparent high-saver—it was not 

considered an explanatory factor here. 

Idiosyncratic Consumption 

A fraction of homes included in the sample had heating-fuel consumption that was not very well 

correlated with heating degree days.
4
  This makes the estimates of pre- and post-weatherization annual 

consumption uncertain, thereby creating uncertainty in the calculated savings as well.  A site could thus 

appear to be a low saver not because of anything to do with the program, but simply because the 

household chose to use less heating for a few months in the pre-weatherization period.  As might be 

expected, this factor appears somewhat more frequently in warmer climates where there can be more 

discretion about whether and when to heat one’s home. 

Fig. 8 highlights the cases where idiosyncratic consumption was deemed to be a primary or contributing 

factor for apparent low or high savings.  Sites with uncertain savings estimates were flagged for this 

factor only if the savings estimate was uncertain with no other evident explanation, such as supplementary 

fuel use.  Idiosyncratic consumption was deemed a primary factor only if the uncertainty range for 

estimated savings substantially covered the range of expected savings; otherwise, it was flagged as a 

contributing factor. 

The one site where idiosyncratic consumption was deemed a primary factor for an apparent high saver 

(#72) is worth noting, because a utility meter read error (which creates a characteristic pair of outliers in 

the monthly consumption history) rather than variation in actual consumption appears to lie behind the 

uncertain savings estimates.  This case should perhaps properly be described as idiosyncratic “apparent” 

consumption. 

 

 

                                                      
4 Note that the utility billing data analysis sample from which homes for the study were selected employed some conservative 

screening to eliminate cases with very poor correlation between usage and heating degree days.  The idiosyncratic cases 

identified here were ones that passed this prior screening, but had variability in usage that was sufficient to create substantial 

uncertainty in the estimated savings. 
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Fig. 8. Idiosyncratic consumption as an explanatory factor for apparent low or high savings 

 

Atypical Insulation Applications 

Leading the list of program-related explanatory factors for apparently low or high energy savings are 

atypical applications of major insulation measures, notably wall and ceiling treatments.  An example of an 

atypical application would be a case where only a small wall area needed insulating.  Because only binary 

indicators for measures like wall and ceiling insulation were available for the evaluation—and because a 

substantial portion of a home’s wall area is typically insulated when the measure is applicable—a limited 

installation such as this would lead to lower-than-expected savings relative to other homes that receive 

wall insulation.  On the flip side, some measures may yield higher-than-average savings, such as when 

insulation is added to a ceiling that lacks any existing insulation (most ceiling spaces in weatherization 

homes have at least some insulation). As such, this factor thus reflects limitations in the ability to tailor 

the expected savings range to the particular circumstances for each home rather than any issue with the 

weatherization work per se. 
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Fig. 9. Atypical measure application as an explanatory factor for apparently low or high energy savings 

 

Fig. 9 highlights the cases where an atypical major measure installation was deemed to be a primary or 

contributing factor.  The cases fall into three categories: 

 Apparent low savers with negative savings – these involve cases where wall or ceiling insulation 

was installed, but only for a small area, or, in the case of ceiling insulation, in cases where there 

was a substantial amount of existing insulation.  Since a partial insulation application like this 

would be expected to reduce but not increase heating consumption, all of these cases have 

additional explanatory factors related to the observed increase, and the atypical application 

simply contributes to the overall difference between apparent and expected savings. 

 

 Apparent low savers with positive savings – these are also cases involving limited wall or ceiling 

insulation applications.  However, unlike the negative apparent low-savers, the partial treatments 

in most of these cases were deemed to be the sole primary explanatory factor. 

 

 Apparent high savers – these five cases all involved ceiling insulation that was added to spaces 

with little or no existing insulation.  Four of the five cases also involved other primary 

explanatory factors. 

Apparent savings

Apparent
 low savers

(n=71)

Apparent
high savers

(n=34)

Apparent savings

Expected savings range
(20th to 80th percentile)

Low
Savers

High
Savers

18%

10%

72%

15%

0%

85%

Primary factor

Contributing factor

Not a factor

-40%

-20%

0%

20%

40%

60%



 

23 

Issues with Existing Heating System 

A handful of sites shared a common theme in that an issue with the existing primary heating system led to 

reduced energy consumption prior to weatherization.  Consumption then increased after the program 

resolved the problem, and the heating system could be used again. The weatherization thus solved a 

health and safety problem, but with the effect of savings appearing to be low or non-existent. 

Fig. 10 and Table 8 provide the details about these sites.  Of particular note is Site #59, in which the 

weatherization agency, following program health and safety policy, removed an unvented space heater, 

and installed a vented heater.  Because unvented heaters release all of their heat–as well as potentially 

deadly combustion products– indoors, they are more efficient from an energy perspective.  The 

replacement, while entirely appropriate, thus would be expected to have a downward impact on savings 

for the home. 

 

Fig. 10. Issues with the existing heating system as an explanatory factor for apparent low savings 

#27#6#3 #45

#59

Apparent savings

Apparent
 low savers

(n=71)

Apparent
high savers

(n=34)

Apparent savings

Expected savings range
(20th to 80th percentile)

Low
Savers

High
Savers

7%

93%

0%

100%

Primary factor

Not a factor

-40%

-20%

0%

20%

40%

60%



 

24 

 

 

Table 8. Cases where an issue with an existing heating system was deemed a primary factor for  

apparent low savings. 

Site Description 

#3 
Free-standing gas space heater malfunctioned during the pre-weatherization analysis period, and 

was used infrequently. 

#6 
Home had malfunctioning zonal electric heaters in two bedrooms; these were repaired by 

weatherization, and used following weatherization. 

#27 

Electric furnace in mobile home was non-functional prior to weatherization, and home was 

heated with electric space heaters.  Weatherization work included installation of a new heat 

pump system. 

#45 
Boiler stopped working during the pre-weatherization analysis period, and home was heated 

with electric space heaters.  Boiler was replaced by weatherization. 

#59 Unvented space heaters were replaced with a vented space heater by weatherization. 

 

In addition to these more dramatic examples of health-and-safety related HVAC work, there were a 

number of cases where a functional heating system was replaced for health-and-safety reasons with a 

new, standard-efficiency unit that would not be expected to yield as much savings as a high-efficiency 

replacement implemented as an energy efficiency measure.  For example, the savings from replacing an 

existing 75 percent efficient furnace with a new unit at the federal minimum Annual Fuel Utilization 

Efficiency (AFUE) of 80 percent would be about six percent.  This is roughly one-third the 18 percent 

savings that would be expected for installing a high-efficiency, condensing unit with a 92 percent AFUE 

rating in the same home. 

A total of 20 such cases occurred in the study sample, most (16) of which occurred among apparent low 

savers.  Notably, seven of these cases involved replacing electric furnaces, where no savings would be 

expected, since all electric furnaces are essentially 100 percent efficient at converting electricity to heat. 

Measure Persistence 

It stands to reason that if an installed measure fails prematurely, savings will be reduced.  However the 

difficulty in this case is that the estimated savings are based on energy consumption data only for the 

years immediately preceding and following weatherization, but the site visits took place about three years 

after the work had been performed.  A measure observed to have failed may not have done so until after 

the post-weatherization analysis period, in which case the lack of persistence, while still notable, would 

not be an explanatory factor for lower-than-expected first year savings. 

Fortunately, lack of persistence among major measures was rare among the study homes.  Only three 

homes were deemed to have a persistence issue with a major measure that may have affected first-year 

savings: 

 Site #15 is a mobile home that received belly insulation work, but the client reported that the 

insulation job fell within a month.  (This case is also noted later under Work Quality) 
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 Site #27 also involved insulation underneath a mobile home:  the insulation at the time of the site 

visit was observed to have deteriorated considerably from animals and a water leak. 

 

 Site #67 received air sealing as the only major heating measure, but the home was observed to 

have broken windows and other signs of deterioration.  Measured air leakage at this site during 

the time of the study was considerably higher than that measured by the local weatherization 

agency prior to weatherization probably because of major house failures and poor maintenance, 

not because of lack of persistence of the air sealing measures. 

 

The timing of the persistence for the first of the cases above clearly dates it to within the post-

weatherization analysis period; the timing for the other two cases is more ambiguous.  

One additional case of a mobile home belly being torn up by animals was noted by study technicians, but 

this involved a site with apparent high savings. 

Additional measure-persistence issues were noted for the following cases, though these were not deemed 

to be primary explanatory factors: 

 Two cases where infrared scans indicated that installed wall insulation had settled somewhat 

 One case where a client was dissatisfied with a weatherization-installed wall furnace, and 

replaced it, though not until well after the period of analysis for first-year energy savings. 

 One case where a water leak led to holes in the ceiling that adversely affected air sealing work. 

 One case where duct insulation in a garage was observed to have fallen 

 One case (noted above under Remodeling) where a client removed the sheetrock from second 

floor kneewalls, causing installed fiberglass-batt insulation to fall down. 

Work Quality 

Issues with work quality were noted for about a third of the sites.  These ranged from relatively minor 

issues with uneven ceiling insulation to a small number of more substantial issues with significant voids 

in ceiling insulation and missed cavities for wall insulation.  Work quality issues were only slightly more 

prevalent among apparent low savers (33%) than high savers (26%), a difference that is not statistically 

significant for this sample size. 

Fig. 11 highlights all cases where a work quality issue was noted, and Table 9 provides details about the 

12 cases where work quality was deemed to be a significant explanatory factor for apparent low savings. 

Though work quality issues were mostly recorded from the standpoint of explaining apparent low 

savings, one site involved work quality as an explanatory factor for high savings. The work in question 

was for ceiling insulation in a home with complicated second story geometry involving many ceiling and 

kneewall surfaces.  The job was noted by the field technician as exemplary in terms of the thoroughness 

of the treatment, and may have contributed to higher-than-average savings for this site. 
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Fig. 11. Work quality as an explanatory factor for apparent low or high savings 

 

Overall, the findings suggest that work quality was not a major driver of apparent low savings among the 

sites sampled for the study.  However, this does not necessarily mean that an emphasis on work quality in 

the program as a whole is unnecessary.   The study was designed to identify major drivers for a sample of 

program participants with significant departures from expected savings.  Emphasizing work quality 

throughout the program could conceivably have a less-pronounced but broad effect on energy savings in a 

way that this study was not meant to assess. 
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Table 9. Cases where an issue with work quality was deemed a primary factor for apparent low savings 

Site Description 

#14 Ill-defined thermal boundary between basement and tuck-under garage; duct leakage 

unaddressed 

#15 Mobile home belly insulation fell shortly after Wx (also listed under Persistence) 

#28 Observed voids in added ceiling insulation 

#35 Minimal added ceiling insulation 

#38 Incomplete wall insulation (25% voids); ceiling insulation voids; duct leakage 

#47 Crawlspace wall insulation not complete; duct leakage 

#50 Minimal added ceiling insulation, and installation issues (no baffles or hatch dam) 

#59 Ceiling insulation has gaps and uneven spots 

#61 Poor-quality installation of ceiling insulation 

#64 Incomplete treatment of kneewalls 

Air Leakage Measurements 

Air leakage represents a special case for the study, because it is a parameter that is generally directly 

measured (via blower-door testing) both before and after weatherization by the weatherization agency, as 

well as during the site visits for the study.  This allows for a direct quantitative assessment of air leakage 

at the time of the site visit to that recorded several years previously at the completion of weatherization.  

However, caution is warranted, because differences between these values could be attributable to several 

factors, not all of which are of interest to explaining apparently low or high savings.  These include: 

 Measurement recording error on the part of either the weatherization agency or the site-visit 

technician 

 Differences in the configuration of the home during testing (e.g. whether the basement door is 

open or closed during testing) 

 Differences in the conditions under which the testing occurred (wind, seasonally varying 

temperature and humidity have been shown to affect air leakage measurements) 

 Degradation of the building shell (e.g. broken windows) or other changes since weatherization 

affecting air leakage. 

The last factor is of most interest to the study, but may be difficult to distinguish from the others.  

With this in mind, Fig. 12 shows how air leakage measured at the time of the site visit compares to the 

pre- and post-weatherization values recorded by the agency at the time of weatherization.  In about two-

thirds of the cases, the site-visit value is within 25 percent of the agency-recorded post-weatherization 

value.  Of the remaining cases, nearly all are higher than the agency-recorded value.  This imbalance is 

plausible:  broken windows and other facets of home deterioration would tend to increase air leakage over 

time, and are probably more likely to occur in this population than home improvements or other changes 

that would tend to decrease air leakage.   
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Fig. 12. Site-visit and agency-measured air leakage 

 

At the same time, there are a few instances where the weatherization agency recorded a significant 

reduction in air leakage, but air leakage measured at the time of the Performance Study site visit is 

remarkably close to the agency-recorded pre-weatherization value.  The most plausible explanation for 

these cases is that the agency-recorded post-weatherization value is in error, and little air sealing occurred 

at the site. 

Fig. 13 shows where the 28 sites with measured air leakage that was at least 25 percent higher than the 

agency-recorded post-weatherization value lie in the distribution of observed savings:  these are 

somewhat more likely to be found among under-performers (30%) than over-performers (21%), but the 

difference is not statistically significant.  It is thus unclear the extent to which the measured differences 

owe to measurement error, configuration differences or issues with housing stock deterioration and 

persistence of air sealing measures. 
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Fig. 13. Sites with measured air leakage that exceeded the agency post-weatherization value by 25 percent or 

more 

Other Measures 

As described previously, apparent low and high savers were selected by comparing apparent savings to 

expected savings based on a model that included five major measures:  wall insulation, ceiling insulation, 

air sealing, heating system replacement and (for electrically-heated homes) refrigerator replacement.  

These measures are frequently installed and typically produce significant savings. 

However, other less-common measures may produce significant savings as well.  In particular, duct 

sealing can have a substantial impact on heating energy consumption if existing supply ducts have large 

leaks to unconditioned spaces like attics or crawlspaces.  Foundation treatments, such as insulating floors 

over crawlspaces may also produce noticeable savings.  Conversely, some health and safety measures 

implemented by the program, such as mechanical ventilation, may increase energy consumption. 

When reviewed in these terms, about half of the apparent high savers received other significant measures 

that could contribute additional savings beyond those predicted by the model (Fig. 14).  These included 

11 homes with substantial foundation treatments, 6 that received significant duct sealing or repair and five 

that received other measures.  The last group includes two homes where secondary space heating systems 

in largely unoccupied parts of the home were removed, and one site where weatherization was coupled 

with an extensive rehab that included new window, doors and siding with foam underlayment.  Some of 

the measures occurred among apparent low savers as well, but at a lower incidence rate. 
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A few sites received measures that were deemed to be a factor for low apparent savings.  These included 

one case in which a supply register was added to a crawlspace (presumably to deal with moisture issues), 

two cases where continuous mechanical ventilation was added and one case where dedicated combustion 

air was added.  Only the supply-register addition was deemed a primary explanatory factor. 

 

Fig. 14. Installation of other measures as an explanatory factor for apparent low or high savings 
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3.3 MISSED OPPORTUNITIES 

Field technicians noted missed energy-savings opportunities as part of the site visit protocol.  While these 

do not necessarily explain apparent low or high savings, they do provide an opportunity to explore the 

potential for additional savings from the program for several key measures.  The scope of the study did 

not allow for formally assessing cost effectiveness, but the opportunities presented here are restricted to a 

small set of measures that are generally considered cost effective for the program: 

 Wall insulation (Moderate, Cold and Very Cold climate regions only) 

 Ceiling insulation 

 Duct sealing 

 Air leakage reduction 

Insulation opportunities were based on visual inspection and infrared scans.  Duct sealing opportunities 

were identified based on pressure-pan tests.  Air leakage reduction opportunities were based on leakage 

pathways observed during blower testing. 

At least one of the above measure opportunities was identified for about half of the apparent low savers, 

and a quarter of the apparent high savers (Table 10). 

 

Table 10. Identified missed opportunities among study homes 

Measure Opportunity 

Apparent low 

savers 

Apparent high 

savers 

Wall insulation* 11% 3% 

Ceiling insulation 27% 6% 

Duct sealing 13% 9% 

Air leakage reduction 32% 15% 

Any of the above 54% 26% 

*Considered for Moderate, Cold and Very Cold climate regions only 
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4. CONCLUSIONS 

The field investigation revealed a variety of factors behind apparent low and high savings among 

weatherized homes.  Certainly, the results confirm that household changes unrelated to the program can 

and do affect observed changes in consumption—and do so in both directions, creating both falsely low 

or high estimates of energy savings.  Similarly, some cases of apparent low or high savings result from 

the fact that pre- and post-weatherization heating usage is not very well correlated with the weather for 

some homes.  Standard statistical analysis techniques for estimating program impacts, however, account 

for this “noise” in the data, and there is no evidence that these changes create a bias in the estimates of 

average savings. 

Of more interest are factors related to low savings that are related to the program itself.  Here, the study is 

perhaps more revealing in what it did not find.  In particular, the study found little evidence to support the 

notion that clients take back energy savings from the program by increasing their thermostat settings. 

Though reported changes in thermostat settings were not common in general, the study suggests that, if 

anything, the program is more likely to induce households to reduce thermostat settings.  This could be 

the result of providing programmable thermostats and education about the savings from thermostat 

setpoint reduction or setback–or it could simply be that by insulating and air sealing homes, the incidence 

of cold walls and other surfaces is reduced, and occupants can reduce setpoints with the same (or better) 

level of comfort. 

The study also did not reveal work quality as a major driver for low savings.  Work quality was noted as a 

primary or contributing factor for apparent low savings for about one in five cases, but some work quality 

issues were also noted among apparent high savers.  While this suggests that continuing efforts to 

improve installation practices are worthwhile and could have detectable impact on average impacts from 

the program, the study is not indicative of widespread quality issues under the program, and does not 

appear to be a primary driver of lower-than-expected savings among this sample of households with 

apparent savings that deviate strongly from expected levels. 

Unsurprisingly, the study showed that high savers are much more likely to be comprehensive jobs with 

more opportunities.  However, the study also revealed that many apparent low savers have additional 

savings opportunities that went unaddressed by the program.  This suggests that there is potential to 

increase the average savings for the program. 
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APPENDIX A.  REGRESSION MODELS FOR CLASSIFYING LOW AND HIGH SAVERS 

Quantile regression was used for the classification of low- and high-savers.  The regression models were 

fitted to the full sample frame and used to predict the 20
th
 and 80

th
 percentile expected values for percent 

savings given the model inputs.  Sites where the observed change between pre- and post-weatherization 

was less than the expected 20
th
 percentile were classified as apparent low-savers; sites where the observed 

change exceeded the expected 80
th
 percentile were classified as apparent high-savers.  Separate models 

were fitted for homes with natural gas and electric heat. 

The fitted coefficients for the models are shown below. 

 

(Dependent variable:  observed percent savings) Model Coefficients 

 Gas heat Electric heat 

Parameter 20th 80th 20th 80th 

Mobile home? (binary indicator) 1.133 -0.169 -1.066 0.905 

Heating energy intensity (Btu/sf/HDD65) 0.625 0.900 1.398 0.647 

% reduction in air leakage 0.079 0.113 0.067 0.060 

Wall insulation installed? (binary indicator) 6.578 7.274 4.960 3.594 

Ceiling insulation installed? (binary indicator) 6.861 4.359 1.752 2.784 

Heating system replaced? (binary indicator) 5.699 9.021 -0.945 4.922 

Refrigerator replaced? (binary indicator)   3.091 -0.183 

Model constant -12.395 8.858 -11.963 12.028 
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APPENDIX B.  FIELD INSTRUMENTS 
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