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EXECUTIVE SUMMARY

BACKGROUND

The U.S. Department of Energy's (DOE) Weatherization Assistance Program (the
Program) is one of the largest energy conservation programs in the nation. This DOE
Program is implemented in all fifty states and weatherizes an average of 200,000 dwellings
per year. The Program strives to increase the energy efficiency of dwellings occupied by
low-income persons in order to reduce their energy consumption, lower their fuel bills,
increase the comfort of their homes, and safeguard their health. It targets vulnerable
groups including the elderly, people with disabilities, and families with children.

The most recent comprehensive National Evaluation of the Program was based on
an analysis of changes in pre- and post-weatherization energy consumption for homes
weatherized in 1989. If another national evaluation were conducted today, for homes
weatherized in 1996, it is very likely that the average savings would be significantly higher
than they were in 1989. There are a number of reasons to believe that current savings
would be higher than those estimated for 1989. First, the Program has made significant
advances in its weatherization procedures. One important advance is the post-1989
introduction, and now the widespread use of advanced audits. In 1989, the Program was
not yet using advanced audits. Today more than half of the states use them. Several
studies have demonstrated the superior energy savings achieved with the use of advanced
audit procedures. Another important advance is the increased use of blower-door directed
air sealing. In 1989 only a few states used this technology; now most do. With the use of
blower doors to guide air sealing, investments in air infiltration reduction produce higher
savings. Additional reasons to expect higher energy savings today include the
implementation of new Program regulations designed to capture opportunities for
improvement, and more targetting of high energy consumers.

METHODS

Because everyone familiar with the Program expected that its performance was
likely to have improved during the last seven years, the Department of Energy asked Oak
Ridge National Laboratory (ORNL) to develop proposed approaches to obtaining an
updated estimate of national Program savings. The approach selected was a metaevaluation,
which involved locating, assembling, and summarizing the results of all state-level
evaluations of the Program that have become available since 1990. ORNL had previously
completed a similar task in preparation for the National Evaluation. That task was a 1990
literature review (its findings are summarized in Table ES-3 in the section on Findings).

All of the savings estimates that are presented in this report are for dwellings that
heat primarily with natural gas. Both the savings estimates taken from the National
Evaluation and those based upon the state-level evaluations are for gas-heated homes. This
focus on natural gas was chosen because all of the state-level evaluations conducted
between 1990 and 1995 studied homes that heat primarily with natural gas. A few of the
state-level evaluations also examined homes heating with other fuel types, but natural gas
was the only fuel type included in all the studies. The focus on natural gas is appropriate
because over half of the homes served by the Program heat with natural gas.

X1




FINDINGS

This review of the state-level evaluations conducted since 1990 concluded that
Program performance has improved significantly in the last seven years. Three types of
evidence support the finding that savings are increasing:

e aljterature review,
e within-state comparisons of savings over time, and
e regression modeling results.

Literature Review

The 1990 literature review, conducted in preparation for the National Evaluation,
concluded that the evaluations available at that time (covering the years of 1981-1989)
showed typical energy savings (expressed as the percentage reduction in the total
consumption of the primary heating fuel) of between 12% and 16%, with a range of 6% to
23% savings in various locations. This 1996 metaevaluation, of 17 state-level evaluations
covering 1990 to 1995, showed typical savings of 18% to 24%, with a range of savings of
from 13% to 34% (Table ES-1).

Table ES-1. Literature Review Findings on Central Tendencies
Characterizing the Percentage of Energy Savings in 1981-1989 and in
1990-1995.

n_| Median | Mean | Interquartile Range Range
1980-89 25 12% 13% 12-16% 6-23%
1990-96 17 [ 20% 22% 18-24% 13-34%

The similarity in findings from that literature review (i.e., expected average savings
of 12% to 16%) and the results of the National Evaluation (13.5% savings as a percentage
of the total consumption of the primary heating fuel for all end uses, or 18.3% as a
percentage of consumption for space heating) led to confidence that a review of the
evaluations conducted between 1990 and 1995 could also yield a reasonably accurate
current estimate of typical savings.

Trends Within States

Two states for which savings can be compared over time, Vermont and Ohio, both
showed significant increases in savings (Table ES-2). In Ohio, energy savings (expressed
as a percentage of the total consumption of the primary heating fuel for all end uses)
increased from 12.6% in 1990-91 to 27.0% in 1994-95. In Vermont, savings increased
from 17.8% in 1992-93 to 20.1% in 1993-94.

xii




Table ES-2. Trends in Energy Savings in Ohio and Vermont.

Ohio Vermont
MBtu Percent MBtu Percent
1990-91 20.5 12.6% 1992-93 18.0 17.8%
1993.94 29.3 20.4% 1993-94 24.5 20.1%
1994-95 34.8 27.0% n/a n/a n/a

Regression Modeling Results

As Table ES-3 shows, the regression-based national estimate of savings for 1996 is
considerably higher than the savings for 1989 estimated by the National Evaluation.
National savings, in homes using natural gas as the primary heating fuel, for the 1989
Program Year were 17.3 MBtu, which is 18.3% of space heating consumption, or 13.0%
of the total consumption of natural gas for all end uses. The regression-based national
estimate for 1996 is 31.2 MBtu, which is 33.5% of natural gas space heating consumption,
or 23.4% of the total consumption of natural gas for all end uses.

Table ES-3. Estimated National Program Energy Savings in 1989 and 1996
in Homes that Heat Primarily with Natural Gas

Percentage Percentage
Reduction in Reduction in
MBtu of Natural | Natural Gas Natural Gas
Gas Consumption for | Consumption for
Space-Heating All End Uses
National 17.3 18.3% 13.0%
Evaluation
Results for 1989
Metaevaluation 31.2 33.5% 23.4%
Results for 1996
based on
Regression
Model

A confidence interval for the national estimate of savings was calculated with SAS.
For the national estimate of 31.2 MBtu the lower bound for the 90% confidence interval is
22.9 MBtu, and the upper bound is 38.6 MBtu. Thus, the lower bound for the 1996
estimate is well above the 1989 estimate of 17.6 MBtu. The 90% confidence interval
reported in the National Evaluation for savings in gas-heated homes was 15.1 to 19.5
MBtu. As Figure ES-1 shows, the 1996 estimate of national savings, and most of the
savings estimates reported in state-level evaluations conducted since 1990, are significantly
higher than the average national savings measured in 1989.
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Figure ES-1.State-level Energy Savings in 1990-1995 by Pre-Weatherization
Consumption and National Savings in 1989 and 1996.

Because of the higher average energy savings estimated for the Program in 1996,
cost-effectiveness estimates also increased. In 1989, the National Evaluation estimated the
benefit/cost ratios for gas-heated homes, with three different perspectives, as a range of
1.06 to 1.61. Applying the same procedures and assumptions to the 1996 savings yields a
range of Program benefit/cost ratios of from 1.79. to 2.40.
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STATE-LEVEL EVALUATIONS OF THE WEATHERIZATION
ASSISTANCE PROGRAM IN 1990-1996: A METAEVALUATION THAT
ESTIMATES NATIONAL SAVINGS

Linda Berry

1. INTRODUCTION

The U.S. Department of Energy's (DOE) Weatherization Assistance Program (the
Program) is one of the largest energy conservation programs in the nation. This DOE
Program is implemented in all fifty states and weatherizes an average of 200,000 dwellings
per year. The Program strives to increase the energy efficiency of dwellings occupied by
low-income persons in order to reduce their energy consumption, lower their fuel bills,
increase the comfort of their homes, and safeguard their health. It targets vulnerable
groups including the elderly, people with disabilities, and families with children.

The most recent comprehensive National Evaluation of the Program was based on
an analysis of changes in pre- and post-weatherization energy consumption for homes
weatherized in 1989. The National Evaluation (Brown, Berry, Balzer, and Faby, 1993),
which used a representative national sample of several thousand dwellings estimated
average savings for several fuel types. For dwellings that heated primarily with natural gas,
which made up over 50% of the sample, average savings per dwelling were 17.3 MBtu,
which was 18.3% of space heating consumption, or 13 0% of the total consumption of
natural gas for all end uses. For all fuel types combined, the National Evaluation reported
an average savings per dwelling of 17.6 MBtu, which was 18.2% of space heating
consumption, or 13.5% of the total consumption of the primary heating fuels’ for all end
uses.

If another national evaluation were conducted today, for homes weatherized in
1996, it is very likely that the savings would be significantly higher than they were in
1989. There are a number of reasons to believe that current savings would be higher than
those estimated for 1989. First, the Program has made significant advances in its
weatherization procedures. One important advance is the post-1989 introduction, and now
the widespread use of advanced audits. In 1989, the Program was not yet using advanced
audits. Today more than half of the states use them. Two studies, one in New York and
one North Carolina, demonstrated the superior energy savings achieved with the use of
advanced audit procedures (New York State Energy Research and Development Authority
and New York State Department of State, 1993; Sharp, 1994). In North Carolina the
introduction of an advanced audit increased heating energy savings from 18% to 23%. In
New York, savings increased from 25% to 34%.

Another important advance is the increased use of blower-door directed air sealing.
- In 1989 only a few states used this technology; now most do. With the use of blower
doors to guide air sealing, investments in air infiltration reduction will produce higher
savings.

Another reason to expect higher savings today is that more weatherization agencies
now target high energy consumers. Many studies have shown that high pre-weatherization
consumption is the best predictor of high energy savings (Brown et al., 1993; Columbia
Gas of Ohio, 1995; Pennsylvania Public Utility Commission, 1994). Additional reasons to

! The total consumption of the primary heating fuel includes both heating usage and end uses other than
heating such as cooking, hot-water heating, etc.




expect higher energy savings today relate to the implementation of new Program
regulations designed to capture opportunities for improvement. Among the new DOE
regulations issued in 1994 are changes that promote the use of advanced audits, and permit
the use of cooling efficiency measures such as air conditioner replacements, ventﬂatlon
equipment, and screening and shading devices.

The Program’s ability to improve its-own performance was demonstrated by the
fact that previous metaevaluations found an upward trend in Program savings between
1980 and 1990 (Schlegel and Pigg, 1990; Cohen and Goldman, 1991). Because the
potential for savings continues to exceed prior levels of Program performance, a trend
toward higher savings in the 1990's should be expected.

1.1 NEED FOR AN UPDATED ESTIMATE OF NATIONAL SAVINGS

Because everyone familiar with the Program expected that its performance was
likely to have improved during the last seven years, the Department of Energy asked Oak
Ridge National Laboratory (ORNL) to develop proposed approaches to obtaining an
updated estimate of national Program savings. The proposed approaches were to include
both high and low budget options and to discuss the tradeoffs between study costs and
accuracy.

ORNL suggested three general classes of methods that could be used to updaté the
estimates of Program energy savings:

e billing analyses,
e engineering analyses, and
e metaevaluation.

Both the engineering and billing analyses options would involve extensive data
collection, processing, and analysis activities. Such efforts would require a large staff of
workers, just as the National Evaluation of 1989 did, to conduct large-scale agency and
utility telephone and mail contacts, follow-up data collection activities, data entry, data
processing, and statistical analyses. In addition, a billing analysis option would require
several years to complete, as would a well-validated engineering analysis of Program
savings.

The third option, a metaevaluation, which would involve locating, assembling, and
summarizing the results of all state-level evaluations of the Program that have become
available since 1990, was by far the lowest cost and quickest approach. While this
approach would not produce as comparable or detailed a picture of Program performance as
the other two approaches, the DOE preferred it because it could be completed much more
quickly and inexpensively. ORNL had completed a similar task in preparation for the
National Evaluation. That task was a literature review (which was completed in 1990 and
is presented in Section 1.4 of Brown, et al.( 1993) ).

The 1990 literature review concluded that the evaluations available at that time
(covering the years of 1981-1989) showed that energy savings of between 12% and 16%
(as a percentage of the total consumption of the primary heating fuel for all end uses) were
typical, with a range of 6% to 23% savings in various locations. The 1990 literature
review also concluded that a number of demonstration projects indicated that the Program
could potentially achieve much greater savings (25% to 40%). The similarity in findings
from that literature review (i.e., expected average savings of 12% to 16%) and the results
of the National Evaluation (13.5% savings as a percentage of the total consumption of the




primary heating fuel for all end uses, or 18.3% as a percentage of consumption for space
heating) led to confidence that a review of the evaluations conducted between 1990 and
1995 could also yield a reasonably accurate current estimate of typical savings. In addition,
the fact that previous metaevaluations (Schlegel and Pigg, 1990; Cohen and Goldman,
1991) had shown an improvement in Program performance between 1980 and 1989,
suggested that a new, more up-to-date metaevaluation, might also reveal continuing
improvements between 1990 and 1995 .

All of the savings estimates that are presented in the remainder of this report are for
dwellings that heat primarily with natural gas. Both the savings estimates taken from the
National Evaluation and those based upon the state-level evaluations are for gas-heated
homes. This focus on natural gas was chosen because all of the state-level evaluations
conducted between 1990 and 1995 studied homes that heat primarily with natural gas. A
few of the state-level evaluations also examined homes heating with other fuel types, but
natural gas was the only fuel type included in all the studies.




2. METHODS
2.1 LOCATING AND SELECTING STATE-LEVEL EVALUATIONS

The first step in the metaevaluation was to locate and obtain copies of all of the
state-level evaluations of the DOE Program that had been completed since 1990. In order to
do this, a one-page survey form (Appendix A) was prepared and sent to all state directors
of the Program. Contact names, addresses, and responses to this state survey are
summarized in Appendix B. Another survey form, designed for utilities with low-income
programs (Appendix C) was prepared and sent out at the same time. The list of utilities
receiving this form was taken from an ORNL report that had identified utility low-income
programs operating in 1992 (Brown, Beyer, Eisenberg, Lapsa, Power, 1994). Some of
these utility programs were expected to coordinate their efforts closely enough with the
DOE Program so that their evaluations would be suitable as input to the effort to obtain an
updated estimate of national Program savings. Responses to the utility survey are shown
in Appendix D. In addition, telephone contact. was made with several independent
contractors (such as Synertech, and Wisconsin Energy Conservation Corporation) that
often perform evaluations of weatherization programs to ask if they knew of any relevant
evaluations completed or underway.

Because the evaluations that would be of most value were those which
systematically examined efforts that closely followed DOE Program procedures and
guidelines, follow-up telephone calls were conducted after receiving each positive survey
response. When the survey answers indicated that an evaluation was available (or
underway), the contact person was asked to discuss whether or not a given evaluation
should be used to represent the performance of the DOE Program in their state. In most
cases it was clear whether or not an evaluation covered the DOE Program with its
characteristic set of measures, clients, and procedures. In a few cases, some judgment was
required in making this determination. Coordinated utility programs may follow DOE
procedures exactly, or may make small changes (e.g., offering compact fluorescents along
with standard DOE measures) that would not make an evaluation of the program unusable
as an indicator of the DOE Program's performance. On the other hand, many coordinated
utility programs follow such different procedures (e.g., limiting measures to those with a
seven year payback, or targeting only electrically-heated dwellings) that they cannot be
used to represent the DOE Program'’s savings. In the end, only three utility evaluations
seemed to be suitable as indicators of the DOE Program's performance in a state. These
evaluations, along with those conducted by the state offices of the Weatherization
Assistance Program, are discussed below.

2.2 SUMMARY OF THE STATE-LEVEL EVALUATIONS

2.2.1 Nine States with Published Results

Using the methods described above eleven published state-level evaluations were
obtained from nine states (Fig. 1). The states with published evaluations and the dates of
weatherization for the houses included in each study were as follows:

e Colorado (1993-95),
e Indiana (1991-92),

e Jowa, (1992-93),

o New York (1990),




e North Carolina (1990),

e North Dakota (1990-92),

e Ohio (1990-91 and 1993-94),

e Texas (1991-92), and

e Vermont (1992-93 and 1993-94).

In both Ohio and Vermont, two separate evaluations of Program energy savings were
conducted and published between 1990 and 1995 (Columbia Gas of Ohio, 1993; Columbia
Gas of Ohio, 1995; Vermont State Office of Economic Opportunity, 1993; Vermont State
Office of Economic Opportunity, 1995).

Three of the published evaluations were conducted by utility companies (Public
Service Company of Colorado, 1995; Columbia Gas of Ohio, 1993 and Columbia Gas of
Ohio, 1995). All three of these evaluations, although conducted by utility staff or their
contractors, were of programs that followed DOE procedures. In each case, the state
Weatherization Program contacts and the utility contacts believed that the evaluations were
good indicators of the DOE Program's performance in their states. In addition, the two
Columbia Gas evaluations, conducted for homes weatherized in 1990-91 and in 1993-94,
provide an indication of the rate of increase in Program savings over time. The Colorado
evaluation was based on econometric modeling. Both of the Ohio evaluations were based
on analysis of whole house natural gas billing data.

_\‘
Type of ~—
Evaluation | e e——
E=] Whole House Billing Data X ?
Metering Usage of Heating System <7

Il Econometric Modeling
g5 Experimental Study of Two Audit Types

Figure 1. States with Published Evaluations of the Program in 1990-1995.

Two of the eleven published evaluations (Sharp, 1994; New York Energy Research
and Development Authority and New York Department of State, 1993) were experimental
studies which provided measurements of the energy savings obtained with two types of
audit procedures. In both New York and North Carolina, the evaluations compared energy
savings results for a group of homes treated with standard state procedures at the time of
the study to results for a group of homes treated with an advanced audit (Targeted
Investment Protocol (TIPS) in New York, and an initial version of the National Energy




Audit (NEAT) in North Carolina). These two studies provide particularly useful
information because they measure the degree of improvement that occurs with the
~ introduction of an advanced audit.

- Of the remaining six published evaluations (Indiana CAP Director's Association,
1992; The Statewide Low-Income Collaborative Evaluation (SLICE) of Iowa, 1994; North
Dakota Weatherization Assistance Program, 1993; Texas Department of Housing, 1995;
Vermont State Office of Economic Opportunity, 1993; Vermont State Office of Economic
Opportunity, 1995) five developed savings estimates from billing data analyzed with
PRISM (Princeton Scorekeeping Method. See Fels, 1986) or a similar weather
normalization procedure. These five evaluations produced whole house estimates of
savings for dwellings using natural gas as the primary heating fuel. The two Vermont
evaluations, conducted for homes weatherized in 1992-93 with a weather normalization
procedure developed by the Wisconsin Energy Conservation Corporation, and in 1993-94
with PRISM, also provide an indication of the rate of increase in Program savings over
time. The Indiana evaluation used a different methodology. It relied on short-term metering
of furnace run times to estimate heating savings only (Indiana CAP Director's Association,
1992).

2.2.2 Six States with Unpublished Results

Six states provided unpublished evaluation results that were used as input to this
metaevaluation (Fig. 2). Kansas provided results based on a PRISM analysis of 165
Kansas homes weatherized in 1993 and 1994. Nebraska provided results based on a
PRISM analysis of 37 Nebraska homes weatherized in 1994. North Carolina provided
summary data from a state-wide data collection system based on NEAT input and output
files for 1994. Ohio provided preliminary results from a PRISM analysis of 1510 homes
weatherized in 1995. Wisconsin provided results based on a PRISM analysis of 675
Wisconsin homes weatherized in 1992. Wyoming provided preliminary estimates of
savings based on monitoring of the usage of space-heating equipment in 38 homes
weatherized in 1996. These results will be supplemented with a PRISM analysis of over
200 Wyoming homes which will be completed later this year. Because the tesults from
these states are based on extensive data, and on methodologies which seemed to be sound,
they are included in the summary tables (Appendix E, Tables E.1, E.2, and E.3) and as
input to a regression model designed to estimate national savings (See Section 3.3,
Appendix F, and Appendix G).




Type of

Evaluation

E= PRISM/Whole House Billing Data
Metering Usage of Heating System

Bl NEATPredictions ofSavings

Figure 2. States with Unpublished Evaluation Results for the Program in
1992-1996.

2.2.3 Eleven States with Evaluations Underway or Planned

The states of Iowa, Ohio, and Wyoming are, in 1996, in the middle of evaluation
efforts that will supplement the results that they have already provided for this
metaevaluation (Fig. 3). Iowa is conducting a NEAT validation study, which is nearly

~complete. Ohio’s evaluation, for which preliminary savings results are available (Fig. 2),

-

' _
Current Status of 2

Ongoing Evaluations
£ Additional Results Soon

Underway, Initial Re sults Soon

Continuing Evaluations Done Periodicaily

Plan to Begin an Evaluation in a Year orTwo

Figure 3. States with Evaluations Underway or Planned in Next Few Years.




is a very comprehensive effort that will address a variety of additional questions. The
Wyoming evaluation will add a PRISM analysis to the already available metering data on
space-heating equipment usage.

The states of Minnesota and Delaware have evaluations underway that should be
completed in less than a year’s time. North Carolina and New York have ongoing data
collection systems that can be used to produce periodic evaluation reports. Vermont’s
Weatherization Program must provide evaluation results to the Vermont State Legislature
for its partially state-funded Program on a biannual basis.

Contacts in the Arkansas, Oklahoma, and District of Columbia Weatherization
Programs all reported that they plan to implement evaluations within a year or two. The
plan for the Oklahoma evaluation seems especially interesting because it will use an
experimental design that compares the energy savings of four groups:

e 150 homes receiving NEAT audits,

e 150 homes receiving Project Retro-Tech audits (these homes had already been
weatherized when Oklahoma began using NEAT in 1996),

e 150 homes receiving weatherization guided by a Priority List developed for common
housing types in Oklahoma with the NEAT audit,

e 150 homes receiving no weatherization (the control group).

This study will not only provide estimates of Program savings in Oklahoma, but will
provide additional information on the effectiveness of audit types and tailored priority lists
developed with NEAT.

2.3 COMPARING AND INTEGRATING THE EVALUATIONS

After locating and reviewing the state-level evaluations described above, the next
task was to develop a way of comparing and integrating their findings. Several categories
of findings were selected and three tables listing the available results in each of these
categories were prepared (See Appendix E, Tables E.1, E.2, and E.3). Because there were

variations in the methods and definitions used in the evaluations. their findings must be
compared cautiously. The tables in Appendix E have extensive footnotes which explain the
definitional issues. and provide caveats which are essential to the correct interpretation of
the evaluation findings.

2.3.1 Representativeness of State-Level Results

Because the decisions to conduct evaluations were made by individual states well in
advance of this study, no systematic sampling was possible. When one uses a sample such
as this one, where the selection process is not under the researcher’s control, the
representativeness of the sample statistics is always a major concern. Although this
sample’s representativeness could not be proven, there are several lines of evidence which
suggest that it is probably reasonably typical of the nation. First, even though only 15
states have conducted evaluations since 1990, many of these states are among those with
the largest eligible populations, the largest budgets, and the most weatherization activity.
Over 40% of the national total of weatherized homes were located in the states with
evaluations. In addition, an examination of savings estimated in the National Evaluation
showed little difference between the states that performed their own state-level evaluations
and those that did not. In particular, the states that conducted their own state-level



evaluations (in 1990-1995) had a group average of 1989 savings of 14%. The states that
did not conduct their own state-level evaluations (in 1990-1995) had a group average of
1989 savings of 12%. Finally, the distribution by climate region of states with state-level
evaluations was roughly proportional to the distribution of the National Evaluation’s
population. Specifically, 63% of the state-level evaluations were conducted in the moderate
climate region, as defined by the National Evaluation, as compared to 61% of the National
Evaluation’s sample. Eighteen percent of the state-level evaluations were conducted in the
cold climate region, while 24% of the National Evaluation’s sample came from this region.
Eighteen percent of the state-level evaluations were conducted in the warm climate region,
while 15% of the National Evaluation’s sample came from this region.

Because the issue of the sample’s representativeness could not be fully resolved,
simply taking averages of state-level findings did not seem appropriate. Accordingly, a
regression modeling technique, which makes it possible to apply regression parameters to
average national input values, was employed (See Section 2.4). Using this approach builds
in an adjustment to national averages which helps to correct for sample biases.

2.3.2 Definitional Issues

One example of definitional differences, many of which limit the validity of direct
comparisons across the states, concerns the definition of energy savings. Three of the
evaluations report only savings realized by space heating equipment. In this type of
savings estimation procedure, run-time meters on heating equipment are monitored before
and after weatherization. Only savings that result from the reduced run-time of the heating
equipment are measured. Because space heating generally accounts for 70% of total
residential usage, and because most weatherization measures have their largest impact on
space heating, this approach typically accounts for most of the savings. However, it does
not capture savings for end-uses other than space heating or for savings in fuels other than
the one used by the heating equipment being monitored .

A second approach, billing analysis conducted with PRISM (or similar techniques),
relies on a different definition of savings. In this case, whole house savings for all end-
uses that rely on the primary heating fuel are estimated. For example, a PRISM analysis of
natural gas billing data for a dwelling would account for all savings that occur in end-uses
that rely on natural gas in that house. In some houses this would include space heating,
water heating, and cooking. In other houses, PRISM-estimated savings might include only
space heating, because electric water heaters and electric stoves are used. An analysis of
natural gas billing data does not account for savings in any other fuels. It is possible to do a
separate PRISM analysis of electricity, or fuel oil, billing data for each house, but since
few evaluations did this, the summary tables in Appendix E present only natural gas
results.

Another definitional issue concerns net and gross savings estimates. Gross savings
are the pre- versus post-weatherization changes in consumption for the treatment
(weatherized) group only. Net savings are adjusted for the change in consumption of a
control group. Net savings may be lower or higher than gross savings depending upon
whether the control group decreased or increased its consumption. Only two of the
evaluations reported both gross and net savings. The others reported only gross savings.
Net savings are included in the summary tables in Appendices E and F when available.
Gross savings are included for all of the evaluations.

Other definitional issues that must be considered in order to reach a correct
interpretation of the findings include:




e variations in what is included in the definition of total program costs, and

e the assumptions used in cost-effectiveness calculations (such as discount rates and
measure lifetimes).

Because of definitional variations, direct comparisons of the state-level energy-savings and
cost-effectiveness findings shown in Appendix E are not advisable. In many cases, one
would be comparing apples and oranges. The information presented in the
footnotes to Tables E.1, E.2, and E.3 in Appendix E is essential to a
proper understanding of the results.

2.4 ESTIMATING UPDATED NATIONAL SAVINGS WITH A
REGRESSION MODEL

This study was designed to locate every state-level evaluation of the Weatherization
Assistance Program conducted between 1990 and 1995. A response to the survey shown in
Appendix A was obtained from every state. While coverage of the available evaluations is
complete, the pattern of evaluation availability is not fully representative of the nation.
Because evaluation activities are voluntary, states that invest in evaluation tend to be those
that are most concerned with improving Program performance. As a result, taking a simple
average of findings from the evaluations to characterize national Program performance
would be inappropriate.

Another problem to be resolved before the findings could be integrated into a
national estimate are the definitional issues discussed above (Section 2.3.2). Methods of
dealing with missing values also had to be developed. Table F.1 in Appendix F shows
how some values were changed to achieve greater definitional consistency across the
evaluations. It also explains procedures for estimating missing values.

The approach chosen to estimate national savings was to use regression modeling to
develop the best linear equation for predicting savings. The data from the recent state-level
evaluations (1990-1995) were used to develop this predictive tool. Then the parameters of
the best predictive model were applied to the appropriate average national input values for
each predictor in the equation. For example, the average heating degree days for the
available evaluations was 5,942. Nationally, the population weighted 30-year average of
heating degree days is 4,499. Therefore, the national average of 4,499 heating degree days
is used as the input to the regression model used to predict national savings. For the most
part, national input values are taken from the National Evaluation, which was based upon a
representative national sample. Details of the rationale for selecting specific national input
values, and for changing some state input values to account for definitional issues are
discussed in Appendix F. Appendix G describes the model development process.
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3. FINDINGS

This review of state-level evaluations clearly showed a trend toward increased
Program savings. Three types of evidence support the finding that savings are increasing:

e 2 literature review,
e within-state comparisons of savings over time, and
e regression modeling results.

3.1 LITERATURE REVIEW

The 1990 literature review, conducted in preparation for the National Evaluation,
concluded that the evaluations available at that time (covering the years of 1981-1989)
showed typical energy savings (expressed as the percentage reduction in the total
consumption of the primary heating fuel) of between 12% and 16%, with a range of 6% to
23% savings in various locations. This 1996 review, of 17 state-level evaluations covering
1990 to 1996, showed typical savings of 18% to 24%, with a range of savings of from
13% to 34% (Table 1).

Table 1. Literature Review Findings on Central Tendencies Characterizing

the Percentage of Energy Savings in 1981-1989 and in 1990-1995.

n_ | Median | Mean | Interquartile Range Range

1980-89 25 112% 13% 12-16% 6-23%

1990-96 17 120% 22% 18-24% 13-34%

3.2 TRENDS WITHIN STATES

Two states for which savings can be compared over time, Vermont and Ohio, both
showed significant increases in savings. The trend toward increased savings over time in
these states is unmistakable (Table 2).

Table 2. Trends in Energy Savings in Ohio and Vermont.

Ohio Vermont

MBtu

Percent

MBtu

Percent

1990-91

20.5

12.6%

1992-93

18.0

17.8%

1993-94

29.3

20.4%

1993-94

24.5

20.1%

1994-95

34.8

27.0%

n/a n/a n/a

3.3 REGRESSION MODELING RESULTS

As Table 3 shows, the regression-based national estimate of savings for 1996 is
considerably higher than the savings for 1989 estimated by the National Evaluation.
National savings, in homes using natural gas as the primary heating fuel, for the 1989
Program Year were 17.3 MBtu, which is 18.3% of space heating consumption, or 13.0%
of the total consumption of natural gas for all end uses. The regression-based national




estimate for 1996 is 31.2 MBtu, which was 33.5% of natural gas space heating
consumption, or 23.4% of the total consumption of natural gas for all end uses.

Table 3. Estimated National Program Energy Savings in 1989 and 1996 in
Homes that Heat Primarily with Natural Gas

Percentage Percentage
Reduction in Reduction in
MBtu of Natural | Natural Gas Natural Gas
Gas Consumption for | Consumption for
Space-Heating All End Uses
National 17.3 18.3% 13.0%
Evaluation

Results for 1989

Metaevaluation 31.2 33.5% 23.4%
Results for 1996
based on
Regression
Model

As Table 4 shows, the pre-weatherization level of consumption is the strongest
predictor in the regression model used to estimate 1996 savings. This means that dwellings
that consume more energy prior to weatherization, save more energy after weatherization.
Pre-weatherization energy consumption reflects occupant characteristics (e.g., the
appliances owned by a household, household management of the thermostat), dwelling
characteristics (e.g., the size of the dwelling, the leakiness of the building shell, and the
efficiency of its heating system), climate characteristics (e.g., heating and cooling degree
days, solar insolation, humidity, wind speeds), and a host of other influences.

The correlation between high pre-weatherization energy use and high savings
potential has been recognized in the procedures of many state and utility programs. A
common feature of the higher saving state-level programs is the targeting of high-
consuming households. The New York Program, for example, uses the TIPS audit to
guide investment levels. TIPS calibrates the appropriate investment level to the level of
pre-weatherization energy efficiency in the dwelling, which is measured as
Btu/HDD/square foot consumed annually.

As Table 4 shows, although pre-weatherization consumption is a highly significant
predictor of energy savings, the variables of audit type, and year of weatherization have
limited predictive ability. Pre-weatherization consumption is significant at a level of less
than 0.001. The other two variables are statistically significant at levels of less than 0.188
for year of weatherization, and 0.090 for audit type. One indicator of the relative
importance of the three independent variables is shown by the standardized coefficients in
Table 4. The standardized coefficient for pre-weatherization consumption is over three
times as large as the standardized coefficient for year, and over seven times as large as the
standardized coefficient for audit type.
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Table 4. Regression Analysis of Average State-Level Energy Savings (in MBtu)

Dependent
Variable=Average
State-Level Energy Savings
(in MBtu)
Unstandardized Standardized
Regression Standard Regression
Predictor Coefficient Error T-value Coefficient
-375.949 294.008 -1.279 0.000
Intercept
L. 0.985 0.156 6.313* 0.784
Pre-weatherization
consumption
.. 113741 89.121 1276 0.188
Year of weatherization
. 0.041 0.069 0.597 0.090
Advanced audit

Coefficient of Determination (R? = 0.793 ,
Adjusted Coefficient of Determination (R?) = 0.751
F-Value = 19,109 '

Sample Size = 19

* significant at p<0.001
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The overall model fit for the three variable model described in Table 4 is good with
an adjusted R* of 0.75. As Figure 4 shows, this model can predict state-level savings with
considerable accuracy.

The national estimate of savings for 1996 (31.2 MBtu) was obtained by applying
the coefficients shown in Table 4 to average national values for pre-weatherization
consumption (133 MBtu), audit type (50% advanced audits), and the current year (1996).
The sources of these average national values are given in Appendix F.

50
45 1

40 T
35 1
30 ¥
25 1

AdjustedR*=0.751
F-Ratio = 19.1

@ Ppredicted
B Observed

20T

10 1

Predicted State-level Savings

0 } t t t
0 10 20 30 40 50

Observed State-level Savings

Figure 4. Goodness of Fit for the Three-Variable (Pre-Weatherization
Consumption, Year, Audit Type) Regression Model Shown in Table 4

A confidence interval for the national estimate of savings was calculated with SAS.
For the national estimate of 31.2 MBtu the lower bound for the 90% confidence interval is
22.9 MBtu, and the upper bound is 38.6 MBtu. Thus, the lower bound for the 1996
estimate is well above the 1989 estimate of 17.6 MBtu. The 90% confidence interval
reported in Brown, et al. (1993) for savings in gas-heated homes was 15.1 to 19.5 MBtu.
As Figure 5 shows, the 1996 estimate of national savings, and most of the savings
estimates reported in state-level evaluations conducted since 1990, are higher than the
average national savings measured in 1989.
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Figure 5. State-level Energy Savings in 1990-1995 by Pre-Weatherization
Consumption and National Savings in 1989 and 1996.

3.4 WEATHERIZATION COSTS

Among the seventeen state-level evaluations completed since 1990, about half reported
cost data (See Appendix E, Table E-3). Eight evaluations reported total costs and several of
these eight evaluations also reported breakdowns into labor and materials costs, and/or
materials costs. One state reported only labor and materials costs. The remaining eight state-
level evaluations did not provide any information on costs.

Average total costs for the eight states reporting a value were $1,968 in 1994 dollars.
Average labor and materials costs were $1,510. In real dollars, these values are somewhat
higher than the average national costs reported by the National Evaluation in 1989. When the
costs reported by the National Evaluation for homes that heat primarily with natural gas were
converted into 1994 dollars, the total average national costs per dwelling were $1,610, and
average labor and materials costs were $1,160. Although these results seem to suggest that
Program costs may have increased, in reality, this sample of eight states is too small and
unrepresentative to support such a conclusion. Several of the eight states reporting cost data
receive large amounts of state and utility funding, along with their DOE support. These
additional sources of funding make it possible for them to invest more per dwelling than states
that rely only on DOE funding.
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3.5 NON-ENERGY BENEFITS OF WEATHERIZATION

Most of the state-level evaluations did not address the issue of the non-energy benefits
of weatherization at all. Only one, the Iowa evaluation, gives much attention to non-energy
benefits. The Iowa evaluation notes that the potential benefits of weatherization include:

e improved client safety and health;

e reduced utility collection costs and write-offs;

e improved property value, longevity, and maintenance of affordable housing;
¢ reduced environmental impacts from energy production and transport; and

e additional economic activity and jobs for Iowa.

Only the economic activity and job creation benefits are quantified in the Iowa study. Using an
input-output analysis, the study concluded that each millon dollars of Program spending
produces about $240,000 worth of additional economic activity. This additional economic
activity supports 5.6 additional jobs (The Statewide Low-Income Collaborative Evaluation
(SLICE) of Iowa., 1994.). The Iowa study does not assign a specific dollar value to any
additional non-energy benefits. However, it concludes that even conservative estimates of these
non-energy benefits will significantly increase the cost effectiveness of the Program.

In the National Evaluation, an effort was made to quantify the dollar value of non-
energy benefits. The highest dollar values were assigned to employment and environmental
benefits (Brown, Berry, Balzar, and Faby, 1993). The methods used to estimate the dollar
value of the range of non-energy benefits varied. These methods are explained in Chapter 6 of
Brown et al. 1993. The final estimate of the net present value of all of non-energy benefits that
were monetized was set at $976 in 1989 dollars. This is the estimate that is used in the next
section to estimate Progam cost effectiveness from the societal perspective, which is the only
perspective that includes non-energy benefits.

3.6 COST-EFFECTIVENESS RESULTS

Because of the higher average national savings estimated for the Program in 1996,
cost-effectiveness estimates also increased (Table 5). The National Evaluation used three
perspectives’ for estimating cost effectiveness:

¢ the program perspective, which compares energy benefits to total costs;
o the installation perspective, which compares energy benefits to installation costs; and
e the societal perspective, which compares energy and non-energy benefits to total costs.

2 In the National Evaluation, three perspectives were used to develop benefit/cost ratios: the program
perspective, the installation perspective, and the societal perspective. The program perspective compares
the discounted value of energy savings to total program costs (including labor, materials, overhead,
administrative, and all other categories of both fixed and variable costs). The installation perspective
compares the discounted value of energy savings to installation-related program costs (i.e., installation labor
and materials costs). The societal perspective compares the discounted value of both energy and nonenergy
benefits (such as employment and environmental benefits) to total program costs (including labor,
materials, overhead, administrative, and all other categories of both fixed and variable costs). All three
perspectives used an assumed measure lifetime of 20 years and a discount rate of 4.7%. To make the 1996
benefit/cost ratios comparable to the National Evaluation ratios the same definitions and assumptions were
used.
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In 1989, the National Evaluation estimated the Program benefit/cost ratio for gas-heated
homes, with the program perspective, as 1.06. Applying the same procedures and
assumptions used in the National Evaluation to the 1996 savings estimates yields a
benefit/cost ratio of 1.79. With the installation perspective, the 1989 result is 1.58, and for

1996 is 2.39. Societal ratios, which include the value of non-energy benefits, were 1.61 in
1989, and 2.40 in 1996.

Table 5. Cost-Effectiveness Results for Gas-Heated Homes: Benefit/Cost
Ratios® from Three Perspectives in 1989 and 1996

Program Installation Societal
National
Evaluation 1989 1.06 1.58 1.61
Metaevaluation
Results 1996 1.79 2.39 2.40

tCalculated with a 4.7% discount rate and an assumed lifetime of 20 years. See footnote 1 for definitions of the perspectives.
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4. CONCLUSIONS AND RECOMMENDATIONS

State-level evaluations of the Weatherization Assistance Program offer an important
resource for Program management. These evaluations are conducted with some frequency
and are usually technically sound. Both previous literature reviews of state-level
evaluations conducted between 1980 and 1989, and this 1996 metaevaluation of state-level
evaluations conducted since 1990, found that the synthesis of state-level evaluations
offered a reasonable characterization of national Program performance. In addition,
reviews of state-level evaluations can provide important insights into the effectiveness of
various weatherization practices, and into the remaining potentlal for improving energy
savings and cost effectiveness.

Because of the value of state-level evaluations, the monitoring of their availability
and the synthesizing their findings should be ongoing Program management activities.
Some of the evaluation efforts that are planned and underway, such as those in Oklahoma
and Ohio, promise to provide especially comprehensive and interesting results. Although
national level evaluation efforts are sometimes needed to definitively demonstrate Program
performance, reviews of state-level evaluations provide useful, and inexpensive,
benchmarks of progress during the years between such large-scale national assessments.

This review of the state-level evaluations conducted since 1990 concluded that
Program performance has improved significantly in the last seven years. In the National
Evaluation, which measured performance in 1989, the average national savings for homes
heating with natural gas was 17.3 MBtu, which was 18.3% of space heating consumption,
or 13.0% of the total consumption of natural gas for all end uses. Findings from this state-
level evaluation review indicated average savings in 1996 had increased to 31.2 MBtu,
which was 33.5% of space heating consumption, or 23.4% of the total consumption of
natural gas for all end uses. Because of the higher average national savings estimated for
the Program in 1996, cost-effectiveness estimates also increased. In 1989, the National
Evaluation estimated the benefit/cost ratios for gas-heated homes, with three different
perspectives, as a range of 1.06 to 1.61. Applying the same procedures and assumptions
to the 1996 savings yields a range of Program benefit/cost ratios of from 1.79. to 2.40.

18




5. REFERENCES

Brown, Marilyn A., Linda Berry, Richard Balzer, and Ellen Faby, 1993. National Impacts
of the Weatherization Assistance Program in Single-Family and Small Multifamily
Dwellings, ORNL-CON-326, Oak Ridge National Laboratory, Oak Ridge, Tennessee.

Brown, Marilyn, Mark Beyer, Joel Eisenberg, Edward Lapsa, Meg Power, 1994. Utility
Investments in Low-Income Energy-Efficiency Programs, ORNL-CON-379, Oak Ridge
National Laboratory, Oak Ridge, Tennessee.

Cohen, S. and C. Goldman, 1991. “Between the Decades: Weatherization Report Card,”
Home Energy, Vol. 8, No. 4, pp. 30-36, July/August.

Columbia Gas of Ohio, 1993. An Analysis of the Columbia Gas 1990-91 Ohio Warm
Choice Program, prepared by A&C Enercom, Inc., for Columbia Gas of Ohio.

Columbia Gas of Ohio, 1995. An Administrative Report on the Columbia Gas 1993-94
Warm Choice Program, prepared by A&C Enercom, Inc., for Columbia Gas of Ohio.

Draper, N. R. and H. Smith, 1981. Applied Regression Analysis, John Whiley and Sons,
New York.

Fels, M.F., 1986. “PRISM: An Introduction,” Energy and Buildings, Vol. 9, No. 1 and 2,
pp- 5-21, February/May.

Indiana CAP Directors’ Association, Inc., 1992. Energy Savings in Homes Weatherized
by Six Indiana Weatherization Agencies: An Evaluation of Measured Savings and Cost
Effectiveness, prepared by William  H. Hill, Center for Energy
Research/Education/Service, Ball State University, Muncie, Indiana.

The Statewide Low-Income Collaborative Evaluation (SLICE) of Iowa., 1994. An
Evaluation of Iowa’s Low-Income Weatherization Efforts, prepared by Wisconsin Energy
Conservation Corporation, August 8.

National Oceanic and Atmospheric Administration, 1993. State, Regional, and National
Monthly and Seasonal Heating Degree Days: Weighted by Population (1990 Census) July
1931-June 1992, Historical Climatology Series 5-1, National Climatic Data Center,
Asheville, North Carolina.

New York State Energy Research and Development Authority and New York Department
of State, 1993. Instrumented Audits Technology Transfer Project, prepared by Synertech
Systems Corporation. Energy Authority Report 94-6.

North Dakota Weatherization Assistance Program, 1993. Evaluation of North Dakota’s
Weatherization Assistance Program: Report of Findings, prepared by Conservation
Management Corporation, Bethesda, Maryland, and by Tighe Energy Consultants,
Arlington, Virginia. '

Pennsylvania Public Utility Commission, Bureau of Consumer Services, 1994. LIURP
Low Income Usage Reduction Program: Historical Report and Program Analysis, in
collaboration with Pennsylvania State University Consumer Services Information System
Project. :

19




Public Service Company of Colorado, 1995. Performance Measurement of the Energy
$avings Partners Program, prepared by the Program Evaluation Unit of Public Service
Company of Colorado.

Schlegel, Jeff and Scott Pigg, 1990. “The Potential for Energy Savings and Cost-
Effectiveness of Low-Income Weatherization Programs: A Summary of Recent
Evaluations,” ACEEE 1990 Summer Study on Energy Efficiency in Buildings, 6.141-
6.155, American Council for an Energy-Efficient Economy, Washington, DC.

Sharp, Terry, 1994. The North Carolina Field Test: Field Performance of the Preliminary
Version of an Advanced Weatherization Audit for the Department of Energy’s
Weatherization Assistance Program. ORNL-CON-362, Oak Ridge National Laboratory,
Oak Ridge, Tennessee.

Sharp, Terry, 1993. Advancing Weatherization Performance: Measured Results from the
North Carolina Field Test of an Advanced Measure Selection Technique, Proceedings of
the 1993 Energy Program Evaluation Conference, Chicago. pp.711-718.

Texas Department of Housing, 1995. Final Report: Advanced PRISM Analysis of 182
Residential Houses in Texas that Underwent Energy Retrofits, prepared by J. Wang, D.
Claridge, J. Haberl, and T. Reddy, Energy Systems Laboratory, Texas A&M University.

Vermont State Office of Economic Opportunity, Weatherization Assistance Program, 1993.
Impact Evaluation of the 1992-1993 Vermont Weatherization Assistance Program, prepared
by Vermont Energy Investment Corporation.

Vermont State Office of Economic Opportunity, Weatherization Assistance Program, 1995.

Impact Evaluation of the 1993-1994 Vermont Weatherization Assistance Program, prepared
by Vermont Energy Investment Corporation.

20




Appendix A

State Weatherization Office Survey Form




OAK RIDGE NATIONAL LABORATORY Linda Berry

MANAGED BY LOCKHEED MARTIN ENERGY RESEARCH CORPORATION Building 4500N, MS-6205

FOR THE U.S. DEPARTMENT OF ENERGY POST OFFICE BOX 2008
OAK RIDGE, TN 37831-6205
Phone: (423) 574-5949
FAX: (423) 574-8884
INTERNET: igb@ornl.gov

April 9, 1996

[Full Name], Weatherization Director
State Weatherization Program Office
Street Address
City, State Zip

Dear Ms./Mr. [Last Name]:

DOE Headquarters has asked Oak Ridge National Laboratory (ORNL) to locate and review all evaluations of
the Weatherization Assistance Program that have become available since 1990. The purpose of this effort is to
obtain an up-to-date estimate of Program energy savings from as many locations as possible. We need your
help in finding these evaluations.

ORNL has already located a few recent state-level evaluations. In addition, New York, North Carolina, and .
Vermont have sent information on the tracking data systems they use to characterize Program performance.
Please answer the following questions to help us locate post-1990 evaluations and then fax this form back to
us. Thank you. ‘

Has your state of [Name of State] (or any of its local agencies or utilities) completed any evaluations of
Program energy savings since 1990? JYES WUNO

Are any evaluations of Program energy savings underway now? QYES UNO

Does your state have a data system that could be used to characterize Program energy savings?
QYES QNO

If you answered yes to any of the above questions, please indicate who we can contact to obtain more
information on these evaluation activities.

Name Organization
Telephone
Name Organization
Telephone
Name Organization
Telephone

Do you have any additional information on evaluations of Program energy savings?
UYES UNO If yes, please explain below.

AFTER COMPLETING THIS FORM PLEASE FAX IT BACK TO 423-574-8884 or mail it to Linda Berry at
the above address. If you have questions, please call Linda Berry at ORNL at 423-574-5949. Thank you.

Ofl\l - \(Brzlrggzlrgq Scrence fo ﬁlfe
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Appendix B

State Weatherization Office Survey Results
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Appendix C

Utility Low-Income Program Survey Form




OAK RIDGE NATIONAL LABORATORY Linda Berry

MANAGED BY LOCKHEED MARTIN ENERGY RESEARCH CORPORATION . Building 4500N, MS-6205

FOR THE U.S. DEPARTMENT OF ENERGY POST OFFICE BOX 2008
OAK RIDGE, TN 37831-6205
Phone: (423) 574-5949
FAX: {423) 574-8884
INTERNET: igb@ornl.gov

April 11, 1996

[Full Name], Utility Low-Income Program Director’
Utility Low-Income Program Office

Street Address

City, State Zip

Dear Ms./Mr. [Last Name]:

The U.S. Department of Energy (DOE) has asked Oak Ridge National Laboratory
(ORNL) to locate and review all evaluations of the DOE’s Weatherization Assistance
Program that have become available since 1990. The purpose of this effort is to obtain
an up-to-date estimate of the energy savings of the Program from as many locations as
possible. '

Many utilities coordinate their low-income programs with the DOE Weatherization
Assistance Program network. We need your help in locating evaluations of such
coordinated low-income programs. Would you please answer the questions on the
enclosed sheet and fax it to us?

In addition, if you have copies of any published evaluations of coordinated low-income
weatherization programs that you could send to me, I would very much appreciate
receiving them. Thank you for your assistance.

Sincerely,

Linda Berry
LB:edm

Enclosure

m.l - y?rz’zggzkgy Scrence o 647@
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OAK RIDGE NATIONAL LABORATORY Linda Berry

MANAGED BY LOCKHEED MARTIN ENERGY RESEARCH CORPORATION Building 4500N, MS-6205

FOR THE U.S. DEPARTMENT OF ENERGY POST OFFICE BOX 2008
-OAK RIDGE, TN 37831-6205
Phone: (423) 574-5949
FAX: (423) 574-8884
INTERNET: igb@oml.gov

April 11, 1996

[Full Name], Utility Low-Income Program Director’
Utility Low-Income Program Office

Street Address

City, State Zip

Dear Ms./Mr. [Last Name}:

The U.S. Department of Energy (DOE) has asked Oak Ridge National Laboratory (ORNL) to locate and
review all evaluations of the DOE’s Weatherization Assistance Program that have become available since
1990. The purpose of this effort is to obtain an up-to-date estimate of the energy savings of the Program from
as many locations as possible. Many utilities coordinate their low-income programs with the DOE
Weatherization Assistance Program. We need your help in locating evaluations of such coordmated low-
income programs by answenng the questions below.

Is your utility involved in any coordinated programs with the DOE Weatherization Assistance Program?
QYES UNO

Do you know of any evaluations of the energy savings of coordinated low-income weatherization programs
that have been completed since 19907 YES UNO

Do you know of any evaluations of low-income weatherization program energy savings underway now?
QyEs QNO

If you answered yes to any of the above questions, please indicate who we can contact to obtain more
information on these evaluation activities.

Name Organization
Telephone
Name Organization
Telephone
Name Organization
Telephone

Do you have any additional information on evaluations of the DOE’s Weatherization Assistance Program’s
energy savings?
UYES UNO If yes, please explain below.

AFTER COMPLETING THIS FORM PLEASE FAX IT BACK TO 423-574-8884 or mail it to Linda Berry at
the above address. If you have questions, please call Linda Berry at ORNL, 423-574-5949. Thank you.

Ofl\l - 9317‘1;_71};9 Scrence fo Ezjfe
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Appendix D

Utility ‘LOW-Income Program Survey Results
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Appendix E

Summary Tables E-1, E-2, and E-3 of Results from
State-Level Evaluations
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Appendix F

-Table F-1 Regression Model Inputs
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Appendix G

Development of Regression Models




DEVELOPMENT OF REGRESSION MODELS WITH STATE-LEVEL DATA
TO USE FOR THE PREDICTION OF NATIONAL SAVINGS IN 1996

The process of developing regression models based on the data from the state-level
evaluations began with the development of the summary tables shown in Appendix E. The
next step was to select variables from these summary tables that were expected to be good
predictors of average Program savings. Previous research had identified pre-weatherization
consumption as the best predictor of savings (Brown et al., 1993). Therefore, we expected
that this variable would explain much of the variability in savings across states. The type
of audit used also seemed likely to be a good predictor of savings because the introduction
of advanced audits has been shown to substantially increase savings in experimental studies
(New York State Energy Research and Development Authority and New York Department
of State, 1993; Sharp, 1994). Because we expected savings to improve over time, due to a
variety of improvements in Program procedures, year of weatherization was chosen as
another predictor variable. Heating degree days was expected to predict savings because
previous studies have shown higher average savings in cold climate regions. The final
predictor variable chosen was the energy factor, which is defined as Btu/square
foot/heating degree day. The energy factor is an indicator of the energy efficiency of a
dwelling. Savings were expected to be positively related to energy factor because the more
inefficient a dwelling is the more potential it has to reduce its consumption.

The input data for the estimation of state-level regression models is shown in
Appendix F in Table F.1. As is explained in the footnotes to Table F.1, the values shown
in Appendix E were sometimes adjusted to produce greater definitional consistency across
the evaluations. In addition, missing values were estimated with the procedures explained
in the footnotes to Table F.1.

Over 20 different linear regression models were estimated with SYSTAT 5.1
software and examined. The dependent variable for every model was the average savings
per dwelling (in MBtu) as shown in Table F.1. The set of independent variables used
varied among the models estimated. We began with a model that included all five of the
predictive variables shown in Table F.1:

¢ pre-weatherization consumption,
e audit type,

e year of weatherization,

e heating degree days, and

e energy factor.

Other models were estimated that included subsets of one, two, three, or four of these
predictive variables in various combinations. The only variable that emerged as a
significant predictor of savings, in every state-level model, was pre-weatherization
consumption. Audit type and year approached significance in some models, while heating
degree days and energy factor were never of any use as predictors, and sometimes even
suggested a negative relationship. These results for heating degree days and energy factor
make no sense, and since the relationships were never statistically significant, these
variables were dropped from consideration. The poor predictive performance of these
variables probably occurred because most of the energy factor values were estimated, not
measured, and because some of the highest savings were found in moderate climate states,
instead of in the coldest climate states.

G.1




In the first round of model estimation, the input values were in the same units
reported in the state evaluations, with some adjustments and estimation of missing values
as explained in the footnotes to Table F.1. An examination of the patterns of association
among these variables, and of the patterns of residuals from the models, suggested that
performing a log transformation of the continuous independent variables and of the
dependent variable might improve the predictive power of the models. Performing log
transformations on input variables often improves a model’s predictive power because the
transformations place greater weight on typical values and reduced weight on outliers. By
using log transformations (to base 10) and reestimating the models, much better predictive
power was obtained (i.e., model R” values increased from an average of 0.51 to an average
of 0.78).

As a test, the regressions were run in three ways: (1) with no log transformations,
(2) with logs taken of the dependent variable (savings in MBtu) only, and (3) with logs
taken of the dependent variable as well as the independent variables except audit (which is a
categorical variable). National estimates of savings did not vary much with the three
different approaches (Tables G.1, G2, and G.3). However, the transformation approach
that used logs of both the dependent and independent variables produced the highest R?
values.

Table G.1 National Estimates of Savings (in MBtu) obtained from Models
with No Log Transformations.

Predicted

Lower Bound of

Independent
Variables in the
Model

National Savings

the 90%
Confidence

Upper Bound of |
the 90%
Confidence

Interval
32.9
39.8
32.0
38.6

Interval
26.2
27.7
25.5
22.9

Pre*

Pre®, Year®

Pre®, Audit Type*

Pre*, Year®,

Audit Type*

All Except
Energy Factor?

All five 30.9

*Pre = Pre-Weatherization Consumption

*Year = Year The Dwellings Were Weatherized

‘Audit Type = Advanced/Not Advanced

“Energy Factor = Btu/Sq. Ft./HDD

29.6
33.8
28.8
30.8

33.8 22.7 44.9

18.8 43.1




Table G.2 National Estimates of Savings (in MBtu) Obtained from Models
with Log Transformations of the Dependent Variable
(State-level Savings in MBtu) Only.

Independent Predicted Lower Bound of | Upper Bound of
Variables in the | National Savings the 90% the 90%
Model Confidence Confidence

Interval Interval

Pre* 29.4 25.3 34.1

Pre*, Year® 35.8 27.4 46.8

Pre®, Audit Type® | 28.4 24.5 32.9

Pre®, Year”, 32.1 22.6 45.6

Audit Type*

All Except 359 21.7 59.2

Energy Factor’

All five 37.8 21.4 66.7

“Pre = Pre-Weatherization Consumption
*Year = Year The Dwellings Were Weatherized
‘Audit Type = Advanced/Not Advanced
“Energy Factor = Btu/Sq. Ft./HDD

Table G.3 National Estimates of Savings (in MBtu) Obtained from Models
with Log Transformations of Both Dependent and Independent Variables.

Independent Predicted Lower Bound of | Upper Bound of |
Variables in the | National Savings the 90% the 90%
Model (in MBtu) Confidence Confidence

Interval Interval

Pre® 28.9 25.5 32.8

Pre®, Year® 34.4 26.8 43.8

Pre®, Audit Type° | 28.1 24.8 31.8

Pre*, Year®, 31.2 22.9 38.6

Audit Type*

All Except 36.7 23.5 59.3

Energy Factor’

All five 35.0 21.6 58.3

*Pre = Pre-Weatherization Consumption
*Year = Year The Dwellings Were Weatherized
‘Audit Type = Advanced/Not Advanced
“Energy Factor = Btu/Sq. Ft./HDD

One difficulty with using the logs of the independent variables is that one should
use the means of their logs, as input to the regression equation, to obtain a national
estimate. This is desirable because the regression equation relates log savings to the logs of
the independent variables, linearly, so the average log savings bears the same relation to the
average of the logs of the independent variables. Unfortunately, the national means of the
logs of the independent variables were not available. Nevertheless, it seems that using the
arithmetic means was an acceptable approximation, because the models with and without
log transformations produced very similar national estimates (Tables G.1, G.2, and G.3).
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The predicted savings obtained with several models are compared to observed
values in Figures G.1 to G.6 below. Well-fitted models were obtained with each
combination of independent variables shown.

Predicted State-level Savings

45

40 A
35 1
30 1
25 1
20 A
15 1
10 1

Predicted Versus Observed State-level Savings
Pre-Weatherization Consumption as Only Predictor

SOJ

Adjusted R?=0.719

F-Ratio =46.9

@ predicted
B Observed

S N 3
L) 1 1

0 10 20 30 40 50
Observed State-level Savings

Figure G.1. Model Fit with One Predictor.




50
45

15

Predicted State-level Savings

Predicted Versus Observed State-level Savings

for Two Variable (Pre and Year) Model

40 A
35 7
30 1
25 A
20 A

10 A

2 ]
m
' - mn
n =
=
|
=
]
} ; t }
10 20 30 40 50

Observed State-level Savings

Adjusted R*>=0.761
F-Ratio =29.7

& Predicted
M Observed

Figure G.2. Model Fit with Two Predictors.

Predicted State-level Savings

with Two Variable (Pre and Audit) Model

Predicted Versus Observed State-level Savings

10 20 30 40 50

Adjusted R*=0.741
F-Ratio = 26.8

@ Predicted
M Observed

Observed State-level Savings Predicted State-level

Figure G.3. Model Fit with Two Predictors.
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Predicted State-level Savings

Predicted Versus Observed State-level Savings
with Three Variable (Pre, Year, Audit) Model

Adjusted R?= 0.751
F-Ratio = 19.1

® Dpredicted
M Observed

0 t
0 10 20 30 40 50
Observed State-level Savings

T

3
) LI

Figure G.4. Model Fit with Three Predictors.

Predicted State-level Savings

Predicted Versus Observed State-level Savings with Four
Variable (Pre, Year, Audit, Heating Degree Days) Model

Adjusted R?= 0,752
F-Ratio = 14.64

& Predicted
B Observed

0 10 20 30 40 50
Observed State-level Savings

Figure G.5. Model Fit with Four Predictors.
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Predicted Versus Observed State-level Savings for Five (Pre, Year,
Audit, Heating Degree Day, Energy Factor) Variable Model

Adjusted R?=10.751

F-Ratio = 11.8
¢  Predicted
% Observed

Predicted State-level Savings

o 10 20 30 40 50

Observed State-level Savings

Figure G.6 Model Fit with Five Predictors.

Choosing the “best” model on which to base the nat10na1 estimate was difficult
because nearly all of the models had high, and nearly equal, R* values and significant F-
values. The highest R*> does not, of course, always indicate the best model because as
more independent variables are added R? values tend to increase, often only because there
are more parameters that can be made to fit the noise in the data, which is
counterproductive. A choice could not easily be made on the reasonableness of the national
estimates either. All of the national estimate of savings obtained with various models
seemed plausible. The estimates of national savings given by all the models varied from a
low of 28MBtu to a high of 38MBtu. In the end, we decided to use the model results that
predicted a typical level of national savings in order to make that estimate as representative
of the central tendency of the model results as possible. The three variable model (whose
parameters are shown in Table 4, p. 12) was a model that produced a typical national
estimate. It also seemed to be a good choice because it includes the best predictor (pre-
weatherization consumption) and the two variables (year, and percentage of weatherizations
based on advanced audits) that are most likely to capture Program improvements over time,
while it excludes the variables that lack predictive power (heating degree days and energy
factor).

To produce estimates of national savings for 1996 the parameters of the various
models were applied to input values for the nation. All of the national input values except
audit type and heating degree days were taken from the National Evaluation (Brown, et al.,
1993). In particular, the pre-weatherization consumption value assumed for the average
dwelling in the National Program in 1996 was 133 MBtu, which is the same as the average
value measured for the national sample on which the National Evaluation was based.
Similarly, the average energy factor input value (25) for the 1996 national estimate was
developed by extrapolating from National Evaluation estimates of average consumption and
square footage, combined with the national population weighted 30-year average of heating
degree days (National Oceanic and Atmospheric Administration, 1993). Year of
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weatherization was assumed to be 1996 for the nation

al estimate. The average national

heating degree day value was 4,449, which is the national population weighted 30-year

average of heating degree days reported by the Nati

onal Oceanic and Atmospheric

Administration for 1931-1992 (National Oceanic and Atmospheric Administration, 1993).

A range of values (0.50 to 0.75) was used as the input for
of penetration of advanced audits in 1996 is uncertain.
was estimated at 50% in 1994, and is almost certainly h

audit type because the exact level
The penetration of advanced audits
igher today.

To produce a point estimate of national savings for 1996 the parameters of the three

variable model with

log transformations on both the dependent and independent variables

(Fig. G-4 and Table 4 on page 12) were applied to input values for the nation. Table G.4
shows the set of input values used for this 1996 national estimates of savings.

Table G.4 National Input Values for Regression-based Estimates of 1996
National Savings in a Three Variable Model.

Pre-Weatherization Year of Weatherization | Assumed Proportion of
Consumption Homes Treated with
Advanced Audits
133 1996 0.50
133 1996 0.65
133 1996 0.75

Equations G.1, G.2, and G.3 show the results obtained when the parameters of the
best state-level model (shown in Table 4, p- 12) are combined with the national input
values shown in Table G.4 to produce estimates of national savings. Notice that the results
are not sensitive to the assumed level of penetration of advanced adudits.

Equation G.1 -375.949 + 0.985 (133) + 113.741 (1996) + 0.041 (0.05) = 31.20 MBtu
Equation G.2 -375.949 +0.985 (133) + 113.741 (1996) + 0.041 (0.65) = 31.54 MBtu

Equation G.3 -375.949 + 0.985 (133) + 113.741 (1996) + 0.041 (0.75) = 31.73 MBtu

Because of a desire to choose a conservative estimate of advanced audit penetration,
we chose to use the savings estimate shown in Equation G.1. Confidence intervals for this
estimate were calculated with SAS software. For the 90% confidence interval, the lower
bound for the estimate of 31.2 MBtu was 22.9 MBtu and the upper bound was 38.6 MBtu.
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