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1. INTRODUCTION AND OVERVIEW

The U.S. Department of Energy’s (DOE’s) 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) 10CFR 440.1 is
“to increase the energy efficiency of dwellings owned or occupied by low-income persons, reduce their
total residential 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, 2005).

DOE sponsored the first comprehensive evaluation of the Program in the early 1990's to provide
policy makers and Program implementers with the up-to-date and reliable information they needed for
effective decision-making and cost-effective operations. Oak Ridge National Laboratory (ORNL)
managed the five-part study, which was based primarily on data from Program Year (PY) 1989 and
supplemented by data from 1991-92 (Brown, Berry, and Kinney, 1994). ORNL has also conducted four
meta-evaluations' of the Program’s energy savings using studies conducted by individual states between
the years 1990-1996 (Berry, 1997), 1996—-1998 (Schweitzer and Berry, 1999), 1993-2002 (Berry and
Schweitzer, 2003), and 1993-2005 (Schweitzer, 2005).

In April 2009, DOE directed ORNL and its team of independent energy program evaluators to
initiate a second, now retrospective, evaluation of the Program for PYs 2007 and 2008 (Ternes et al.
2007). The Program changed significantly during the almost two-decade period between these
evaluations. In response to findings and recommendations resulting from the 1989 National Evaluation,
the Weatherization Plus strategic planning process, and other federal, state, and local initiatives, the
Program incorporated new funding sources, management principles, audit procedures, and energy-
efficiency measures. In particular, the use of computerized audits was increased, cooling and baseload
measures were added, and weatherization approaches that were tailored to the unique construction
characteristics of mobile homes were developed; in addition, the weatherization of large multifamily
buildings was expanded and became more sophisticated, while greater flexibility to improve “energy-
related” health and safety was provided. Finally, the Program’s ability to leverage influence with utilities,
other state programs, and owners of large multifamily buildings increased considerably. The retrospective
evaluation is expected to be completed by Fall 2012.

This report describes the third major evaluation of the Program, encompassing program years
2009 to 2011. In this report, this period of time is referred to as the ARRA Period. This is a special period
of time for the Program because the American Recovery and Reinvestment Act (ARRA) of 2009 has
allocated $5 billion of funding for the Program. In normal program years, WAP’s annual appropriation is
in the range of $200-250 million, supporting the weatherization of approximately 100,000 homes. With
the addition of ARRA funding during these program years, the expectation is that weatherization activity
will exceed 300,000 homes per year. In addition to saving energy and reducing low-income energy bills,
expanded WAP funding is expected to stimulate the economy by providing new jobs in the
weatherization field and allowing low-income households to spend more money on goods and services by
spending less on energy.

During the ARRA period, the Weatherization Assistance Program is a much different program
than it was as recently as PY 2008 and also likely different than it will be in the future. Among the key

"The term “meta-evaluations” refers to the analysis of analyses; these are a more rigorous alternative to the narrative
discussion of research studies. Meta-evaluations involve the statistical analysis of a collection of analysis results
from individual studies for the purpose of integrating the findings.



differences are the following: First, a greatly expanded weatherization workforce has been recruited,
trained, organized, and sent into the field. In order to support this expansion, the percentage of spending
allowed for training and technical assistance has been raised from 10 percent to 20 percent.

Second, all states and U.S. territories have received unprecedented increases in their
weatherization funding and some grantees have grappled with budgets that were several times larger than
anything they had previously managed. Some states, faced with this massive program expansion, have
used WAP funds for weatherization, while others have implemented other approaches, including
innovations in Program delivery and management.

Third, substantial amounts of funding have been set aside to support innovations in Program
funding and design. The first of these, for the Sustainable Energy Resources for Consumers (SERC)
grants, sets aside up to 2% of funds to encourage innovative projects by Weatherization subgrantees (i.c.,
local weatherization agencies) to further weatherization efforts that are outside the scope of existing
Program regulations and restrictions. The second, the Weatherization Innovation Pilot Program (WIPP),
sets aside $30 million to encourage the formation of partnerships with both traditional and non-traditional
weatherization providers so that non-federal resources can be leveraged to pursue the Program’s purposes.

Lastly, to accommodate the expansion of the weatherization program, several major changes in
Program administration were made. Eligibility requirements were eased: The household income
threshold increased from 150% to 200% of the Poverty Income Guidelines. Also, the average cost ceiling
(the average amount of money that can be spent by grantees to weatherize homes) was increased from
$2,500 to $6,500. Additionally, for the first time, the wages for weatherization workers were adjusted to
conform to Davis-Bacon Act prevailing wage requirements. All of these factors affect energy and cost
savings and have an impact on Program delivery; they may also have relevance to future Program design
and are included as topics in this evaluation.

1.1 PURPOSES AND RESEARCH QUESTIONS

ORNL reconvened a National Weatherization Network Committee to provide comments and
input for the evaluation of the WAP during the ARRA period (Section 1.1.1). The formalized planning
process used for the retrospective evaluation, based on the concept of a program logic model and
evaluation design matrix as developed by the W. K. Kellogg Foundation (2001), was again undertaken
(see Sections 1.1.2 and 1.1.3, respectively). This section concludes with an overview of the WAP-ARRA
period evaluation.

1.1.1 Network Planning Committee

One of the evaluation’s most important goals is to meet the needs of the weatherization
community, since that community, also referred to as the weatherization network, will be a primary
beneficiary and user of the evaluation’s findings. In addition, the network of state offices and over one
thousand local agencies will be relied upon to collect and provide significant amounts of the data needed
for the evaluation. Therefore, ORNL felt that it was important to involve the weatherization community
early in the planning process in order to establish open communications with them, get them actively
engaged in the evaluation, strengthen their voice in the planning process, clearly identify their
expectations of the evaluation, and increase their participation in the evaluation’s implementation.

ORNL convened a National Weatherization Network Committee to provide input for the
retrospective evaluation in 2009 and reconvened a reconstituted Network Committee in January 2010 in
Washington, DC to provide input for the WAP-ARRA period evaluation.



After receiving recommendations from DOE headquarters and regional program staff, ORNL
selected 36 people from the National Association for State Community Services Programs (NASCSP) and
the National Community Action Foundation (NCAF) to serve on the committee. The committee
members are identified in Appendix A. The committee members include state weatherization officials,
local weatherization officials, DOE staff, ORNL staff, and independent evaluators.

The committee was tasked by ORNL to identify the information that they would find most useful
from the national evaluation; to identify data available at national, regional, state, and local levels that
would be pertinent to the evaluation; and to provide insight into how the evaluation and specifically the
data collection could be best conducted. This information was solicited to assist ORNL in developing the
evaluation’s research questions, identifying the various studies that would need to be performed under the
evaluation, and formulating details of the implementation.

At the January 2010 meeting, a moderator led the committee through several discussions to
identify numerous research questions. These research questions may be broken into five main groups
relating to the following areas: (1) energy savings and cost-effectiveness; (2) process issues; (3) non-
energy-related benefits; (4) indications for post-ARRA research; and (5) broad research questions.

1) Energy Savings and Cost-effectiveness: It is important to measure energy savings attributable to
WAP during the ARRA period, but it is equally important to study changes “on the ground” resulting
from the ARRA and those of its provisions related to weatherization assistance. Therefore, evaluation
questions related to energy savings include these:

How much in household energy savings is attributable to WAP during the ARRA period?

How cost-effective are these savings?

Were changes in the prices of weatherization measures possibly attributable to the uniqueness of
the ARRA-period impact cost-effectiveness?

Did the ARRA-period change in the formula for distribution of WAP funds to grantees (i.e.,
states and territories) affect energy savings and cost-effectiveness?

Did the expansion of existing weatherization crews and the establishment of new ones have an
impact on energy savings and cost-effectiveness?

How much energy was saved in the studied initiatives to weatherize public housing units, and
were those savings cost-effective?

How did the change in the assistance eligibility standard impact energy savings?

How did the increase in average expenditures on weatherization measures from $2,500 to $6,500
impact measure selection and energy savings?

What are the energy savings attributable to the SERC and WIPP projects?

YV VWV VY Y VYVYVY

A\ 4

2) Process Issues: ARRA funding for the WAP has had a significant impact on Program operation and
management. Process issues abound. These issues have been grouped into four categories: (a)
management and oversight; (b) prevailing wages (Davis-Bacon Act), (c) the national weatherization
network, and (d) labor force and training issues.

(a) Management and Oversight: The expansion of WAP has led to many management challenges and
opportunities. Scrutiny of the Program has also increased substantially. Here are suggested evaluation
questions that address Program management and oversight during the ARRA period:

» At the state level, what programmatic changes and innovative approaches were implemented to
disburse weatherization funds, and how effective were those approaches (e.g., changes in
reporting requirements, changes in subgrantee participation, changes in training and technical
assistance procedures, changes in audit approaches)?

3



» What programmatic changes and innovative approaches at the local level were implemented to
deliver weatherization services, and how effective were those innovations (e.g., changes in intake
procedures, changes in the mix of buildings weatherized, etc.)?

What were the results of experiments allowing some weatherization funds to be used in public

housing?

What types of projects were funded under SERC and WIPP?

How did hot-climate states manage substantial increases in weatherization funding?

How did U.S. territories deal with Program initiation?

Did walk-away policies (i.e., deferrals of weatherization efforts on unsuitable properties) and the

frequency of such deferrals change due to this increase in the amount of available funds for

weatherization measures?

How satisfied were clients with the weatherization services provided during the ARRA period?

Have the demographic characteristics of clients receiving weatherization and those on

weatherization waiting lists changed during the ARRA period?

Has DOE managed WAP effectively during the ARRA period (i.e. in terms of clarity and

timeliness of guidance);

What have been the actual monetary administrative costs associated with increased oversight

during the ARRA period for states and local weatherization agencies (e.g., from DOE IG, GAO)?

Has ARRA funding both allowed states and agencies to afford new technologies and pushed them

to use new information to increase operational and reporting efficiencies? If so, what new

technologies are being implemented?

Has ARRA funding allowed the purchase of new field technologies? If so, what new field

technologies are being implemented?

» To what extent have the weatherization costs used in savings-to-investment ratio (SIR)
calculations differed from actual, possibly highly fluctuating measure costs endured during
ARRA?

» To what extent have other large DOE programs competed with WAP for labor during the ARRA
period (e.g. SEP, EECGB)?

» Were there any material, equipment or other supply-chain bottlenecks that hampered or prevented
weatherization production during the ARRA period?

> What new state regulations were enacted with respect to weatherization during ARRA, and to
what extent did these regulations have unintended consequences?

VVVY VYV

YV V. VY VY

Y

(b) Prevailing Wages (Davis-Bacon Act): “Davis-Bacon” is the common name applied to a 1931 Act that
requires all federal construction projects to pay prevailing wages to their workers. As part of the ARRA
legislation, Congress stipulated that projects funded with ARRA money must follow Davis-Bacon rules.
The U.S. Department of Labor (DoL) has the responsibility for identifying “prevailing wages” in the
construction industry. These wages are identified for a set of construction industry jobs and are estimated
for each county in the United States. Prior to ARRA, weatherization activities have not been subject to the
requirements of Davis-Bacon. However, under ARRA, it was realized that weatherization-related jobs did
not overlap with construction-industry jobs. Therefore, DoL needed to establish prevailing wages for
weatherization-related jobs in every county in the country and DOE needed to develop new guidance
related to Davis-Bacon. Predictably, much confusion and many delays resulted. An entire set of
evaluation questions is devoted to process issues surrounding Davis-Bacon:

Did Davis-Bacon, on balance, lead to positive job creation?

Did the application of Davis-Bacon lead to changes in weatherization wages?

What were the actual monetary administrative costs for complying with Davis-Bacon?

Did paperwork requirements lead some experienced weatherization contractors to leave the low-
income weatherization field?
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Has Davis-Bacon led local weatherization agencies to change their mix of in-house vs. contractor
labor and crews?

How did multi-county weatherization agencies deal with county-specific Davis-Bacon wage-rate
requirements?

How has Davis-Bacon affected weatherization costs associated with multifamily buildings of four
stories and higher?

Have changes in weatherization costs associated with Davis-Bacon altered residents’ choices of
measures installed in homes?

Overall, how did Davis-Bacon implementation impact the Program’s cost-effectiveness?

(c) National Weatherization Network: The unprecedented flow of federal funds into low-income home
weatherization efforts has changed the national weatherization network in several ways: firstly, the size of
the labor force has necessarily increased; secondly, these funding increases have naturally drawn new
stakeholders into the network. The new funding has also affected long-standing leveraging relationships,
in which states and agencies are able to leverage DOE funding in order to attract non-DOE funding both
positively and negatively; thus, it has increased the visibility of low-income weatherization. The
following evaluation questions are designed to document and evaluate changes in the national
weatherization network during the ARRA period.
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Has the composition of the national weatherization network changed during the ARRA period?
What types of newcomers have joined the network during ARRA?

Has the influx of ARRA funding negatively affected existing leveraging relationships?

Are new leveraging relationships forming?

Has the public’s perception of low-income weatherization changed during the ARRA period?
Has ARRA brought low-income weatherization more attention from state and local elected
officials and administrators? If so, has the attention been generally positive or negative?

How has the media portrayed low-income weatherization during the ARRA period?

To what extent have inexperienced and unqualified entities entered the weatherization network
and attempted to reap benefits from the increases in WAP funding?

How have private companies tried to change state and local weatherization procedures to benefit
themselves (e.g., by selling more insulation or energy-efficient lights)?

How have relationships between state and local weatherization agencies changed during ARRA?
How did local non-profit weatherization agencies deal with Program expansion (i.e., what models
did they use and which were more successful than others)?

Did expanding local weatherization agencies result in any economies of scale;

Did ARRA change the way local agencies procured weatherization services under contract (e.g.,
changes in using requests for proposals [RFPs] vs. bids)?

How did the weatherization community (including federal, state, and local stakeholders) interact
with federal agencies during the ARRA period?

(d) Labor Force and Training Issues: As mentioned above, the weatherization labor force necessarily
increased to meet the increase in the weatherization production rate. The following evaluation questions
address how the weatherization community handled this challenge:

>
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What approaches did local agencies and/or contractors use to recruit qualified, reliable, and
trustworthy weatherization crew members, and how effective were these recruitment approaches?
What approaches did states and local agencies use to train the expanded weatherization workforce
and how effective were these approaches?

Did staff turnover and retention rates change during the ARRA period?

How did states manage the creation and training of staff associated with new subgrantees?

How did states and agencies manage increasing workloads and performance expectations?
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How well did new weatherization staff perform?

How have certification programs changed during the ARRA period?

What are the strengths and weaknesses of national weatherization certification practices?

How have certification requirements changed weatherization staff hiring and retention practices?

YV VY

3) Non-Energy-Related Benefits: The national evaluation currently being implemented will assess non-
energy benefits associated with WAP for houses under the $2,500 average expenditure level per house. It
is also important to assess non-energy benefits at the higher $6,500 level. Additionally, the greatly
increased scale of the ARRA weatherization effort should also increase the scale of the non-energy
benefits, especially with respect to employment and other economic issues. The following are potential
evaluation questions related to non-energy benefits:

» Did utilities experience fewer problems with arrears and shut-offs associated with weatherized
homes because the Program participants’ utility bills were more manageable as a result of the
increase in measure expenditures and the number of homes weatherized?

In households whose homes were weatherized at the higher level, how much more affordable
were their energy bills?

What other non-energy benefits to households increased at the higher level of expenditures (e.g.,
home value increases, improvements in health)?

Are low-income households whose homes have been weatherized less vulnerable to the impacts
of climate change, and if so, to what extent?

Nationally, how many new weatherization-related businesses were created during the ARRA
period?

Nationally, how many new jobs were created and existing jobs retained during this period?

Did the increased scale of WAP assistance affect local unemployment rates directly? Indirectly?
To what extent have people who received weatherization training under ARRA been able to
transfer their new skills to other sectors of the green economy in particular and the larger
economy in general?

» Has WAP during ARRA affected the market for non-low-income weatherization?

» Has WAP during ARRA affected the market for building related energy-efficiency products; and
» What amount of greenhouse gas emissions was avoided during this period?

A\
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4) Indications for Post-ARRA Research Questions: This section poses additional policy-related and
research questions whose answers could benefit the low-income weatherization community in the period
after ARRA. The questions fall into four groups: (a) fundamental Program management and regulation
questions; (b) post-ARRA challenges; (c) technical research questions; and (d) broader research
questions. This evaluation of WAP during the ARRA period will not be able to pursue all of the questions
listed below due to time and budget constraints. In addition, answers to some questions will not be
available until the results from the retrospective and the WAP-ARRA period evaluations can be
synthesized. Lastly, many of the questions are not evaluative questions per se; rather, they represent
important research and analytical questions that should be pursued through other projects. However, these
questions are included in this report to ensure that important points made during the Network Committee
meeting are documented.

(a) Program Management and Regulation Questions: Numerous policy decisions shape the
implementation of the Program ranging from what measures are allowed to be installed in homes to who
is eligible for the Program. Some of these provisions were changed during ARRA. Moving forward,
several policy-related questions such as these could be considered:

» Should WAP endeavor to go “deeper” into home-weatherization efforts?
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What are the benefits of having greater Program flexibility diversity in state and local
weatherization agency administration of WAP?

What are the benefits and costs of various income eligibility thresholds (e.g., 150%, 200% or
more of poverty level)?

Is it possible for homeowners’ participation in a weatherization program to help forestall home
foreclosure?

Should the policy on re-weatherization be reconsidered in light of Program changes and new
technology developments?

What are the benefits and costs of various average per-house weatherization investment levels
(e.g., $2500, $6500)?

How should certification efforts move forward after the ARRA period?

What are the benefits and costs of using e-learning programs in weatherization training?
Should the fundamental funding mechanism of WAP (block grants) be reconsidered;

How might anticipated retirements in the next five or so years impact the leadership of the
national weatherization community?

Could WAP formally incorporate water conservation into its Program? Should it?

(b) Post-ARRA Challenges: An important issue for the weatherization community is what will happen
after ARRA. States and subgrantees are gearing up to weatherize up to twice as many homes per year as
they have in recent years. The capacity of the national weatherization network is expected to expand
greatly. Will efforts to retain this capacity be made? If so, what might those efforts be at the federal, state,
and local levels? Post-ARRA evaluation questions include the following:
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What are states and agencies planning to do, if anything, to maintain their expanded capacities for
weatherization after ARRA?

What options are there at the federal, state, and local levels for marshalling additional resources
to maintain the expanded weatherization capacity?

How many weatherization jobs created during ARRA may be lost after ARRA?

What might the costs to states and local weatherization agencies associated with workforce
reductions (e.g., workers compensation) be?

How can leveraging relationships that were damaged or lost during ARRA because abundant
ARRA money took the place of the leveraging partners’ involvement during the Program be
rebuilt?

What leveraging opportunities, such as opportunities to tap into voluntary carbon-reduction
markets, might expand after ARRA?

Will quality issues identified, rightly or wrongly, by the media during ARRA have lasting
impacts on weatherization funding?

What level of emission reductions (for carbon and other pollutants) is necessary for the
weatherization program to attract other funding?

Will the training capacity that has been created by states, agencies, community colleges, etc., be
sustainable after the expiration of ARRA?

Will expenses for new equipment, software, etc. purchased during ARRA be sustainable after
ARRA?

What strategies can be used to retain young weatherization staffers hired during ARRA?

(c) Technical Research Questions: The availability of data from two national evaluations of the Program
brings up many interesting research questions whose answers could have an impact on future Program
design. These questions include the following:
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What lessons about the delivery of weatherization services can be learned through insights gained
from the retrospective and WAP-ARRA evaluations (e.g., through comparing energy savings,
cost-effectiveness, weatherization staff training and retention etc.)?

How long do energy savings attributable to weatherization last?

What are the benefits and costs of using computer audits vs. priority lists?

Are there any differences in energy savings and cost-effectiveness between homes weatherized
using only DOE WAP funds vs. a combination of DOE WAP and LIHEAP funds;

What are the benefits and costs of various new information technologies that allow real-time
reporting of audits and weatherization activities from the field?

Can energy savings attributable to weatherization be estimated or “normalized” without taking
human behavior into account?

What opportunities exist to use random control trial methodologies to evaluate aspects of the low-
income weatherization program;

What are the impacts of weatherization on “whole-service” utility bills;

Have any areas in the United States been “saturated” with WAP-funded low-income
weatherization (i.e., are there any areas where most eligible homes have been weatherized with
WAP-funded assistance)?

Should weatherization decisions take into account local or regional peculiarities of utility rate
structures and other whole billing provisions?

Has the consolidation of the natural gas and electric utility industries impacted low-income
weatherization and/or evaluation?



5) Broad Research Questions: Lastly, numerous questions can be asked about the Program in the larger
national context. Suggested questions include the following:

» Can weatherization programs be used to increase the market penetration of new energy efficiency
and renewable technologies in the residential sector, whether or not they meet current cost-
effectiveness standards (i.e., the currently defined SIR)?

What are the prospects for building a low-income weatherization portfolio within the voluntary
carbon markets?

How has the proliferation of historic preservation programs and historic districts affected the
implementation of low-income weatherization?

What might be the impact of the potential Home Score program on low-income weatherization?
How can states and other governmental entities build their own evaluations upon the retrospective
and ARRA period evaluations?

Has the expanded weatherization effort under ARRA transformed markets for any energy
efficient products?

What other weatherization programs serving the low-income community exist in the United
States?

Are the terms “weatherization,
public?
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green jobs,” and “clean energy” confused in the minds of the

1.1.2 Program Logic Model

A program logic model is a tool used to provide complete analysis of a program’s inputs,

activities, outputs (products), and outcomes. In following the W. K. Kellogg Foundation’s formalized
evaluation planning process, development of a program logic model is an integral first step before a set of
program evaluation questions within the framework of a design matrix can be formulated. The program
logic model shown in Table 1.1 shows how the WAP is intended to work by systematically identifying
first, the resources available to operate the Program; second, the activities the Program is intended to
perform; and third, the results the Program is intended to accomplish. The program logic model for the
WAP shown in Table 1.1 comprises four sections:

1.

Resources/Inputs — The first column identifies the resources (“inputs”) of various kinds—human,
financial, organizational, and community—available to operate the Program. The first input identified
is the Federal legislation authorizing the Program and stipulating the Program’s mission and overall
objectives. Financial inputs include direct DOE funding of the Program, funding from other Federal
sources such as the Low-Income Home Energy Assistance Program (LIHEAP), Petroleum Violation
Escrow (PVE) funds, and other leveraged sources, such as state public benefits funds or utility
programs. The organizations involved with the Program include Department of Energy (DOE)
program staff; state grantees and local agency subgrantees that directly implement the Program, along
with their related national organizations; a network of support groups such as DOE’s national
laboratories, state and regional training centers, and various support contractors; and other
organizations, such as utilities and national and state energy organizations.

Activities—The processes, techniques, tools, events, technologies, and actions that the Program
conducts using the resources/inputs are considered its “activities” and are listed in the second column.
The Program’s primary activities are performed by three groups: DOE, the state grantees, and the
local agency subgrantees. DOE’s activities focus on administering and running the Program; these
activities involve developing policy, guidance, and regulations; making and monitoring grants;
providing training; maintaining technical capabilities and tools; performing periodic evaluations; and
coordinating with other organizations. The states’ activities are also administrative in nature, as they
involve making and monitoring contracts with the local agencies, establishing goals and
implementation procedures for the agencies, providing training, and establishing partnerships to
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3.

leverage resources. Local agencies implement the Program at a basic level, identifying clients and
performing all the tasks needed to select and install weatherization measures. The local agencies also
perform some administrative functions, such as providing client education, referring clients to other
programs and services, and teaching crews the correct procedures needed to perform these tasks.

Outputs—The Program’s outputs are the direct products and services delivered as a result of its
activities. DOE’s activities result in guidance and regulations being published and audits being
developed, improved, and approved. Through the activities of DOE, the states, and local agencies, a
known number of homes are weatherized, priority households weatherized, weatherization staff
trained, and clients referred to other programs or services. Other important services resulting from the
Program include the installation of cost-effective measures in the weatherized homes, the mitigation
of health and safety deficiencies in these homes, and the education of clients on energy usage.
Through the combined efforts of all organizations, partnerships with the Program are established.
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Table 1.1. Logic model for the Weatherization Assistance Program

Resources/ Roles/Activities Outputs Outcomes
Inputs
Short-Term Medium-Term Long-Term

Federal authorizing | DOE Number of low- Weatherized Reduced energy Reduced gap
legislation - Establish and explain national policy direction income homes homes, consumption in between low-

- Formulate annual budgets and grant guidance, and make grants weatherized particularly those | weatherized houses income energy
Direct funding - Formulate Program rules and regulations of priority needs and actual
from DOE, - Initiate and coordinate strategic planning with network Number of priority populations, have | Reduced energy bills | consumption of
LIHEAP, PVE, - Approve and monitor state plans and their implementation households increased energy | and burdens for energy services
and leveraged - Create, coordinate, and conduct technical training and assistance to state and weatherized efficiency clients
sources local agencies Reduced impact of

- Develop and maintain core capabilities of the Program including audit tools Cost-effective Health and safety | Reduced emissions of | energy price
DOE Program staff | and standards, evaluations, and assessments measures installed in | of those living in | pollutants and inflation and

- Coordinate Program relations with other Federal agencies, programs, and weatherized homes weatherized greenhouse gases market disruptions

State grant
administration
agencies and
related national
organizations

Local service
network of 900
agencies and
related national
organizations

Support network in
national
laboratories,
training centers,
and support
contractors with
special technical
skills

Utilities and
national and state
energy
organizations

institutions

States

- Set eligibility requirements and priorities for participants

- Contract with local agencies and allocate funding

- Establish production goals (number of units weatherized) and schedule

- Specify diagnostic, audit, and inspection procedures and allowable measures
for local agencies

- Determine extent of allowable repair, health, and safety work

- Provide training and assistance to local agencies

- Establish leveraging programs and expand resources and partnerships

- Monitor local agency work

Local Agencies
- Solicit and process applications and select low-income residents to receive

weatherization services

- Train crew members

- Perform home energy diagnostics, audits, and inspections

- Determine most cost-effective weatherization measures and other work needed
for each home

- Purchase, store, and maintain equipment, materials, and supplies

- Install measures and perform other specified work

- Perform quality assurance work

- Meet with clients to review improvements and provide educational materials
- Support advocacy and leveraging

- Link clients to other programs and services

- Track and report client status, expenditures, and funding

Health and safety
deficiencies mitigated
in weatherized houses

Clients receive
education on energy
savings

Number of
weatherization staff
trained

Number of clients
referred to social
programs

Guidance and
regulations published

Audits developed,
improved, and
approved

Partnerships
established

homes improved

Indoor comfort of
those living in
weatherized
homes improved

Clients have
increased
knowledge of
energy savings
strategies

involved in energy
production and
consumption

Other non-energy
benefits for clients,
utility rate payers,
and society

Robust
weatherization
network

Increased Program
leveraging

on low-income
communities

Improved health
and safety for
communities

Improved local
housing stock

Workforce
enhancement in
local communities

Creation of
sustainable
weatherization
services market

Increased non-
energy purchases
in low-income
communities

Transform market
for weatherization
products
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4. Outcomes

4a and 4b. Short- and Medium-Term Outcomes—Program outcomes are those short-term (1-3
months) and medium-term (1-year) changes that occur as a result of the Program’s activities that impact
the Program’s participants, participating households, and the Program itself. The immediate results of the
Program are that the energy efficiency of the weatherized homes is increased; that the health, safety, and
comfort of those living in the weatherized houses are improved; and that clients know more about energy-
saving strategies. In the medium term, energy consumption in the weatherized houses is reduced, leading
to reduced energy bills and energy burdens for the clients as well as non-energy benefits realized by the
clients, utility ratepayers, and society as a whole (especially benefits related to reductions in pollution and
greenhouse gas emissions from reduced energy use). In addition, a more robust weatherization network
community should result and the ability of the program to leverage additional resources should increase.

4c. Long-Term Outcomes—The fundamental, long-term (3—7 years) changes in organizations,
communities, or systems that result from the program’s activities are its “long-term” outcomes. By
reducing low-income clients’ energy use and energy burdens, the gap between the energy needs of the
low-income community and the available resources to meet this need should be reduced; in addition, the
low-income community should be less susceptible to rising energy prices and market fluctuations; and
finally, clients should have more funds available to make non-energy purchases within their communities.
Non-energy benefits realized by the community as a result of the program include improved health and
safety, better housing stock, greater job creation, and a more skilled work force. Finally, the program
would be expected to encourage market transformation for weatherization products.

1.1.3 Program Evaluation Design Matrix

The evaluation design matrix shown in Table 1.2 identifies the general questions the program
evaluation will address. These questions were developed by examining the program’s logic model (see
Table 1.1 and Section 1.1.2) and incorporating the input received from the Network Planning Committee
(see Section 1.1.1). The evaluation questions are organized into three categories in the design matrix:

1. Context: Relationships and Capacity—The context questions explore how the program functioned
within the economic, social, and political environment of the weatherization community; these
questions also address issues regarding the program’s relationships and capacity. In terms of the
program’s logic model, the context questions focus on how the program’s resources and inputs led to
its activities. The evaluation questions dealing with the program’s context focus primarily on
characterizing the low-income weatherization market, the weatherization network/community and
how it operates, and the partnership and leveraging opportunities available to the program and how
well the program is taking advantage of these opportunities. Context questions also deal with whether
the program has the capacity and structure to fulfill the mission and objectives established for it by
law, and put into context the role the program plays in the larger low-income energy assistance effort.

2. Implementation: Quality and Quantity—Implementation questions assess the extent to which the
activities listed in the program’s logic model were executed as planned, and whether the outputs listed
in the program’s logic model were achieved. Implementation questions deal with the characterization
of the clients and households served by the program, the services the program delivered to these
clients and households and how well these services were provided, and the costs associated with
delivering the program. An important implementation question based on the input received from the
Network Planning Committee is to fully determine the best approaches to implementing audits, client
education, training, and technical monitoring. A final implementation question deals with whether the
states and local agencies are fulfilling their obligations under federal regulations and the state plans
they have submitted.
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3. Outcomes: Effectiveness, Magnitude, and Satisfaction—Outcome questions focus on the extent to
which progress was made toward the desired changes in the program participants, participating
households, and the low-income community and systems. In terms of the logic model, these questions
examine how well the program’s outputs led to its desired outcomes. The Outcomes questions focus
on the energy savings achieved under the Program, the non-energy impacts that are being realized, the
Program’s cost-effectiveness, how well individual measures work, and process variables that affect
these outcomes. These outcome questions include Items 14 raised by the Network Planning
Committee (see Section 1.1.1). Several final outcomes questions bring all the results of the evaluation
together, asking whether the Program is meeting the legislative missions and objectives identified
previously in the context questions, to what extent the program is meeting the needs of the low-
income weatherization community, and how the program and the weatherization network can be
improved.

Table 1.3 compares the program outcomes identified in the logic model (Table 1.1) to the
program evaluation questions listed in the design matrix (Table 1.2) to make sure that the evaluation is
addressing and measuring all the outcomes associated with the program. As shown by Table 1.3, all the
program outcomes are being addressed by the questions posed in the design matrix with the exception of
the market transformation activity anticipated for the program, which is beyond the scope of this
evaluation.

The evaluation as planned takes and evaluates a snapshot of the program’s performance as it was
implemented in PYs 2009-2011. The evaluation does not focus most directly on the long-term outcomes,
instead focusing on the short- and medium-term outcomes listed in the logic model (Table 1.1). However,
longer-term outcomes are also being addressed, in some cases by assuming that short- and medium-term
results will have larger impacts as they are sustained over time. The snapshot-type evaluation being
planned does not allow long-term market transformation activity to be evaluated. Although this outcome
could be addressed by looking back in time at how the Program helped transform the weatherization
market, such an effort is not being planned at this time.

In the final synthesis (see Section 5), the evaluation should recommend how a longer-term, more
continuous evaluation of the Program could be implemented by DOE so that the longer-term outcomes of
the program could be more fully addressed. One process that should be explored is to identify other
government programs that are evaluating community and public-welfare issues (e.g., the Health
Department, the Census Bureau) and determine how the program’s long-term outcomes might be
evaluated from these existing sources.
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Table 1.2. Evaluation design matrix for the Weatherization Assistance Program

Evaluation focus

area Question Audience Information use Study
Context: 1. What are the mission and associated DOE — WAP Establish mission context Process
Relationships and objectives of the Program as established Weatherization network Assessment
Capacity by law?
2. Does the Program have the capacity DOE - EERE Program administration Synthesis
and structure (e.g., funding, staffing) to DOE - WAP
meet its objectives? Weatherization network
3. What are the characteristics of the DOE — WAP Strategic planning; Program Impact
national low-income weatherization Weatherization network | design and marketing Assessment
market?
4. Which segments of this market are DOE — WAP Strategic planning; Program Impact
being served by the Program and other Weatherization network | design and marketing Assessment
parties?
5. What organizations are involved in White House Establish Program context; Process
national low-income weatherization (e.g., | Congress Program support and Assessment
agencies, states, utilities, private sector DOE — Secretarial marketing
firms)? DOE - EERE
DOE - WAP
Weatherization network
6. What are the characteristics of the DOE — WAP Strategic planning; Program Impact
weatherization network? Weatherization network | design and marketing Assessment
7. How does the weatherization network | DOE — WAP Organization and participation Process
work? Weatherization network | decisions Assessment
8. What are the core leveraging and DOE — WAP Program design and marketing Synthesis
partnership opportunities for the Weatherization network
Program?
9. Is the Program exploiting its leveraging | DOE — WAP Program design and marketing Process
and partnership opportunities? Weatherization network Assessment
10. Are the Program’s regulations Congress Program design Process
enhancing and/or inhibiting leveraging DOE — Secretarial Assessment
and partnership opportunities? DOE - EERE
DOE — WAP

Weatherization network
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Table 1.2. Evaluation design matrix for the Weatherization Assistance Program

Evaluation focus

area Question Audience Information use Study
Implementation — | 1. What are the characteristics of those DOE - WAP Program design, planning, and Impact
Quality and receiving Program services? Weatherization network | implementation Assessment
Quantity
2. What Program services are being DOE - WAP Program design, planning, and Impact
delivered to low-income households? Weatherization network | implementation Assessment
3. How well is the Program delivering its | DOE — WAP Program design, planning, and Process
services, including from the client Weatherization network | implementation Assessment
perspective?
4. What are the costs associated with the | DOE — WAP Program design, planning, and Impact
Program services? Weatherization network | implementation Assessment
5. What are the best approaches to Weatherization network | State- and agency-level Process
implementing audits and measure Program design, planning, and | Assessment
selection tools, client education, training, implementation
and monitoring?
6. Are the Program’s characterization and | Evaluation community Generalize results to other Peer
process results valid and reliable? contexts Review
7. Are the states and local agencies DOE - WAP Program design, planning, and Synthesis
fulfilling their obligations under federal Weatherization network | implementation
regulations and state plans?
Outcomes — 1. What are the Programs average energy | OMB Budget justification; Program Impact
Effectiveness, benefits (heating, cooling, and baseload) | DOE — Secretarial marketing; utility business Assessment
Magnitude, and nationally and by climate region, housing | DOE — EERE planning; rule making
Satisfaction type, and fuel type? DOE — WAP
Weatherization network
Utilities
Commissioners
2. How much energy is saved in aggregate | DOE — EERE (PBA) Energy savings and GPRA Impact
by the Program? DOE — EERE metrics Assessment
What are the Program’s non-energy DOE - WAP Program marketing; utility Impact
impacts? Weatherization network | business planning; rule Assessment
Utilities making
Commissioners
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Table 1.2. Evaluation design matrix for the Weatherization Assistance Program

Evaluation focus
area

Question Audience Information use Study
4. How do clients feel about the DOE - WAP Program design, planning, and Impact
Program’s impact on their comfort, health | Weatherization network | implementation Assessment
and safety, and energy costs?
5. Is the Program cost-effective? White House Cost-benefit analysis; future Impact
Congress funding decisions; Program Assessment
OMB design, planning, and
DOE - Secretarial implementation
DOE — EERE
DOE — WAP
Weatherization network
6. What impact do alternative per State and agency-level Impact
household investment levels (e.g., $2500 Program design, planning, and | Assessment
vs. $6500) have on key Program metrics implementation
(e.g., units weatherized, average savings
per house, house and Program SIRs)?
7. How well do the selected measures DOE - WAP Program design, planning, and Impact
result in energy savings Weatherization network | implementation Assessment
8. What factors and measures explain DOE — WAP Program design, planning, and Impact
variation in energy savings and cost- Weatherization network | implementation Assessment
effective results?
9. How are the hot Southern climate DOE — WAP Program design, planning, and Impact
region market and performance unique? Weatherization network | implementation Assessment
and
Special
Technical
Studies

10. Are the outcome estimates valid and
reliable?

Evaluation community

Generalize results to other
contexts

Peer Review

11. Is the Program meeting its legislative
missions and objectives?

DOE — WAP
Weatherization network
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Budget justification; Program
marketing
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Table 1.2. Evaluation design matrix for the Weatherization Assistance Program

Evaluation focus
area

Question Audience Information use Study

12. How much have the emissions of White House Cost-benefit analysis; future Special
greenhouse gases been reduced? Congress funding decisions; Program Studies

OMB design, planning, and

DOE — Secretarial implementation

DOE — EERE

DOE - WAP

Weatherization network
13. How well have expanded DOE - WAP Budget justification; strategic Special
weatherization activities in the U.S. Weatherization network | planning Studies
territories succeeded?
14. What are the impacts and process White House Cost-benefit analysis; future Special
outcomes of the SERC and WIPP Congress funding decisions; Program Studies
projects? OMB design, planning, and

DOE - Secretarial implementation

DOE — EERE

DOE — WAP

Weatherization network
15. To what extent is the Program DOE - WAP Budget justification; strategic Synthesis
meeting the needs of the national low- Weatherization network | planning
income weatherization market?
16. In what ways can the weatherization DOE - WAP Program planning Synthesis

network’s performance be improved?

Weatherization network
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Table 1.3. Design matrix questions addressing each logic model outcome

Outcomes listed in the logic model

Number of questions in the evaluation design matrix
related to context, implementation, and outcomes

(Table 1.1) (Table 1.2)
Context Implementation Outcomes
Short -Term Outcomes
1. Increased energy efficiency in homes 4 1,2
2. Improved health and safety in homes 3,4
3. Improved indoor comfort 3,4
4. Increased client knowledge of energy 5
Medium -Term Outcomes
1. Reduced energy use in homes 7 1,2,8
iiisri(sluced bills and financial burden for 7.14 1,2,4,8
3. Reduced emissions 3,12, 14
4. Other non-energy benefits 3.4
5. Robust weatherization network 2,5,6,7 13 13,16
6. Increased Program leveraging 8.9 10
Long-Term Outcomes

1. Reduced gap between energy need and use 1,2,4,11,15
2. Reduced impact of inflation/market 1.2 415
fluctuations s 25 4,
3. Improved health and safety in community 3,4
4. Improved local housing stock 3.4
5. Workforce enhancements 3,14
6. C.reatlon of sustainable weatherization 2,411 14,15
service market
7. Increased non-energy purchases 3

8. Transformed market for weatherization
products

Will not be addressed in this evaluation
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1.2 EVALUATION ORGANIZATION

Based on a review of the evaluation design matrix (see Section 1.1.3), the evaluation of the
Program will include four studies, identified in Table 1.2, which will address each of the questions listed
in the evaluation design matrix. These studies and the organization of the remaining elements of the
report are outlined below:

e Impact Assessment—Section 2 describes the plan for evaluating the Program’s impact in PYs 2009-
2011. The weatherization network will be characterized, along with the nature and scope of the
Program’s implementation and weatherization processes. Energy and its subsequent costs savings will
be quantified, along with non-energy impacts in order that the Program’s cost-effectiveness can be
determined. Explanatory factors pertinent to energy savings, energy costs savings, and cost-
effectiveness will be identified.

e Process Assessment—Section 3 describes a process assessment that will examine how well the
weatherization network and Program operated in during the ARRA period in delivering
weatherization services, and how well the Program is exploiting opportunities for leveraging and
partnership. Case studies of weatherization programs in territories will be performed. The national
weatherization network will be approached to assess plans post-ARRA.

e Special Studies—Section 4 describes special studies that will be performed. These studies include an
analysis of underperforming weatherized units; energy savings analyses for selected U.S. territories;
SERC; and WIPP. To explore the feasibility of employing random control trial methods to estimate
energy impact savings, an encouragement design study will be conducted. Lastly, an in-depth study of
greenhouse gas emission reductions and further potential reductions at the local level will also be
conducted.

e Synthesis Study—Section 5 describes how results from the evaluation work performed under
Sections 2—4 will be synthesized to address how well the program is meeting its overall goals, the
extent to which the program is serving the weatherization needs of the low-income community; and
how the program’s and weatherization network’s performance can be improved. Lessons learned
from both the retrospective and ARRA period evaluations will be identified.

e Schedule—Section 6 outlines a schedule for the evaluation.

It should be noted that under the terms of the Paperwork Reduction Act, the Office of
Management and Budget (OMB) must approve most of the sampling plans and survey instruments
associated with this evaluation. Therefore, the sampling plans and survey instruments presented in this
preliminary evaluation plan may be modified during the OMB review process. However, once approved
by OMB, they will not be subject to any substantive modifications.

1.3 COMPARISON OF WAP RETROSPECTIVE AND ARRA PERIOD EVALUATIONS

There are several important points to make regarding the similarities, differences, and overlaps
between the retrospective evaluation of WAP as described in Ternes et al. (2007) and the WAP-ARRA
evaluation described in the balance of this report. First, as Table 1.4 shows, the two evaluations generally
encompass the same research tasks. For example, the central component of each evaluation is the
collection of billing histories for homes heated with electricity and natural gas; these data provide the
basis for the national estimate of energy savings attributable to the program as well as associated cost-
effectiveness analyses. Non-energy impacts are assessed by both evaluations. Additionally, both
evaluations administer a core set of surveys and data forms (e.g., S1: All States Program Information
Survey). All of these tasks focus on the Program Years (PYs) indicated in the Table 1.4.

19



The third column of Table 1.4 shows that the retrospective evaluation overlaps with the ARRA
period in five research areas. When the retrospective evaluation was conceived in 2005 and when the plan
was written in 2006 and 2007, it was assumed that the Program would not undergo any major changes
that could change the evaluation results. Thus, the retrospective evaluation was designed to estimate
national energy savings and to constitute most of the process assessment for the immediately past
Program Year (PY2008) while simultaneously implementing several research tasks during the Program
Year in which the evaluation was to take place (i.e., PY 2009). When the retrospective evaluation began,
though it was decided to look back to pre-ARRA Program Years 2007 and 2008, the ARRA period had
already begun.

Thus, these five research tasks that are being funded by the retrospective evaluation are actually
assessing weatherization activities that took place during the ARRA period: analysis of sub-metered data
for homes heated with bulk fuels; a major indoor air-quality study; case studies of high-performing
agencies and exemplary client-education programs; and the administration of two major surveys, S4
(Occupant Survey) and S5 (Weatherization Staff Survey).

Table 1.4 also indicates that a few of the tasks undertaken by the retrospective evaluation will not
be duplicated by the WAP-ARRA period evaluation (and vice versa). For example, the retrospective
evaluation will fund case studies of high-performing agencies and exemplary client-education programs,
but the WAP-ARRA evaluation will not. Conversely, the WAP-ARRA period evaluation will fund case
studies of underperforming weatherized units and one U.S. territory that received new, substantial ARRA
funding (e.g., Puerto Rico), which, naturally, is not covered in the retrospective evaluation.
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Table 1.4 Comparison of WAP Retrospective and WAP-ARRA Period Evaluations

Retrospective Evaluation
on Weatherization
Assistance Program

Retrospective Evaluation
Research Taking Place
during (Overlapping with)
ARRA Period

WAP-ARRA Period
Evaluation Research

Analysis of Billing Histories:
Homes heated with electricity
and natural gas

Program Years 2007 and
2008

Program Years 2009,
2010, and 2011

Analysis of Submetered Data:
Homes heated with propane
and fuel oil

Winter 2010-2011 and
Winter 2011-2012

Analysis of Persistence of
Energy Savings in
Weatherized Homes

Program Years in the
1990s

Cost-effectiveness Analyses Program Year 2008 Program Year 2010
Non-Energy Impacts Program Year 2008 Program Year 2010
Social Network Study Program Year 2011
GHG Emissions Study Program Years 2007-
2010
S1: All States Program Program Year 2008 Program Year 2010
Information Survey
S2: All Agencies Program Program Year 2008 Program Year 2010
Information Survey
S3: Subset of Agencies Program Year 2008 Program Year 2010
Detailed Program Information
Survey
S4: Occupant Survey CY’s 2011 and 2012 CY2012
S5: Weatherization Staff CY 2011 CY 2012
Survey
Program Characterization Program Year 2008 Program Year 2010
Case Studies Program Year 2008 — Six Program Year 2010 —
High Performing Agencies | One U.S. Territory
and Six Exemplary Client
Ed Programs
Weatherization Deferral Study Program Year 2010
Under-Performers Study Program Years 2007-
2009
DF2/3: Housing and Building | Program Year 2008 Program Year 2010
Information Data Forms
DF4: Utility Information from | Program Years 2007 and Program Years 2009,
Agencies Data Form 2008 2010, 2011
DF5: Utility Billing History Program Years 2007 and Program Years 2009,
Data Forms 2008 2010, 2011

Indoor Air Quality

Winter 2010-2011,
Summer 2011, Winter
2011-2012

Field Process Study

CY 2011

Special Studies

WIPP and SERC
Program Years 2010-
2011 ;

Encouragement Design
— Program Year 2011

Post ARRA Surveys (S6,7,8)

CY 2011
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2. IMPACT ASSESSMENT

The impact assessment portion of the evaluation will address many of the questions identified in
the evaluation design matrix (see Table 1.2), especially those dealing specifically with the following:

o Context—Questions 3, 4, and 6;
e Implementation—Questions 1, 2, and 4; and
o  Outcomes—Questions 1-9.

The context, implementation, and outcomes questions listed above deal with characterizing the
weatherization network, the market that the Program serves, and the households served by the Program;
identifying the services delivered by the Program and their costs; determining the Program’s energy and
non-energy benefits and cost-effectiveness; and understanding factors that have an impact on savings,
cost-effectiveness, and other key Program metrics, such as the number of units weatherized.

In addition, the impact assessment will address the following high-priority and consensus goals
that were identified by the Network Planning Committee:

o Energy savings analysis—reports energy savings by various subgroups and includes measured
savings from propane and fuel-oil heated houses in the evaluation;

e Baseload measures—includes savings for all end uses in the measured savings from the
Program;

¢ Non-energy impacts—quantifies non-energy impacts produced by the Program;

e Cost-effectiveness—determines the impacts of alternative per-household investment levels on
cost-effectiveness; and

The impact assessment will be performed by executing five integrated studies, focusing on the
performance of the Program in Program years 2009-2011:

1. The Program Characterization study will characterize the low-income population eligible for and in
need of the Program and, for PY 2010, characterize the segment of this population served by the
Program; the housing units and clients served; the weatherization and other services performed by the
Program; and the Program’s expenditures and funding sources.

2. The Energy and Costs Savings study will establish the total and per-household energy and cost
savings (heating, cooling, and baseload) being achieved nationally and by climate region under the
Program in Program years 2009-2011, classified by the principal building types served and primary
fuel types used.

3. Non-Energy Impacts study will ascertain the non-energy impacts attributable to the Program in PY's
2009-2011 (especially those benefits addressing health and safety) and the value of those impacts
from the client, utility, and societal perspectives;

4. The Program Cost-effectiveness study will estimate the cost-effectiveness of the Program in PY's
2009-2011 on a national and climate-region basis and will seek to clarify the impact that alternative
per-household investment levels can have on cost-effectiveness and other Program metrics; and

5. The Explanatory Factors study will identify how specific weatherization measures and process
variables correlate, both positively and negatively, with energy savings and cost-effectiveness.

Each of these studies is described in detail below, including an outline of the data that need to be
collected to perform the study and how these data will be analyzed. For each study, a final report
including all the details of the study will be written; a final summary report for the impact assessment will
also be written to draw all the findings from the studies together.
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2.1 PROGRAM CHARACTERIZATION STUDY

As mentioned in the introduction, the WAP during the ARRA period has been very different from
the Program as it existed in the past. Not only are several key Program guidelines different (for example,
the average allowable investment in homes was increased from $2500 to $6500), but the grantees and
subgrantees faced numerous challenges with ramping up the weatherization production, complying with
the Davis-Bacon Act, and handling other issues unique to ARRA. The impact assessment will collect key
data on the Program’s implementation and weatherization processes in order to describe the following:

e the low-income population eligible for the Program, in need of it, and actually being served by it;

e the weatherization network (community) and how it works; especially the organizations that
administer the Program at the state and agency level (e.g., organization features and structure,
staffing, operational processes, funding levels);

e the housing units that are served (including descriptors of their condition, state of repair, health
and safety issues with respect to them, and the types of heating and cooling equipment installed),
the clients served by the Program, and how they were selected for inclusion in it;

e the types of audit and diagnostic procedures used on the houses, the time when the diagnostics
were performed relative to when measures were installed, and by whom the diagnostics were
performed (e.g., auditor, crew, or inspector);

o the weatherization measures installed in the weatherized units (including repairs made, health and
safety issues addressed, and client education provided), the installation methods employed, and
by whom the measures were installed (contractor vs. in-house crew);

e other Program services performed on the weatherized houses and how they were delivered; and

e the Program’s expenditures, expenditures per household, and funding sources.

The data to be collected and the analysis to be performed for the characterization study are presented
below.

2.1.1 Data and Sampling Frames
The eligible low-income population will be characterized using data from the following three national
databases:

o Residential Energy Consumption Survey (RECS) conducted by the U.S. Energy Information
Administration

e Current Population Survey (CPS) from the U.S. Census

e American Housing Survey (AHS) from the U.S. Department of Housing and Urban
Development.

A list of the data fields to be mined from these databases is provided in Table 2.1 below.

The entities that received WAP-ARRA period funding--all 50 states, the District of Columbia,
and U.S. territories--will be asked to complete the S1 (All States Program Information Survey, see
Appendix C) at the end of their PY 2010. As part of this survey, the following information on their PY
2010 and 2011 activities will be obtained from all states:

general information on the characteristics of each state

details on PY 2010 funding and expenditure

characteristic data compiled at the state level on housing units weatherized in PY 2010
characterization data on state staff experience and activity in PY 2010

characterization data on training and monitoring performed at the state level in PY 2010.
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All of the approximately 1000 agencies” (i.e., subgrantees) that have been or are being employed
to implement the Program will be surveyed at the end of PY 2010, using the S2 (All Agencies Program
Information Survey, see Appendix D), to collect information on

e PY 2010 funding and expenditure details
e agency-level compiled characteristic data on housing units weatherized in PY 2010.

Although agencies supply similar information to their respective states, this information will be
collected from the agencies, not from the states, in order to get the information directly from the original
source and to make sure the data are accurate and consistent across all states and agencies.

The 400 agencies included in the billing data sample (see Section 2.2.1) will be surveyed in the
S3 (Subset of Agencies Detailed Program Information Survey, see Appendix E) at the end of their PY
2010. The following information will be obtained:

general characteristic information on each agency,
data characterizing agency staff experience and activity in PY 2010,
data characterizing how the agencies implemented client selection in PY 2010, and

data characterizing house audits, client education, training, and monitoring performed at the
agency level in PY 2010.

* The number of local weatherization agencies increased to over 1000 during the ARRA period, from just over 900
in the pre-ARRA period.
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Table 2.1. Data fields for this study from RECS, CPS, AHS databases

Data field

Definitions of data field terms

Low-income status

Defined by ARRA eligibility maximums (i.e., 200% of poverty level or 60% of
state median income, whichever is higher)

State

Census region

Housing type

Tenure

Ownership

Primary space-heating fuel
type

House energy features

Presence/absence of wall insulation, storm windows, etc.

Children

Presence of at least one child in household as defined by Program regulations

Elderly Presence of at least one elderly person in the household as defined by Program
regulations
Handicapped Presence of at least one handicapped person in the household as defined by

Program regulations

Single parent

Ethnicity

Income

Total household income

Source of income

Nature of income

Fixed or not

Energy consumption

Total, heating, cooling, and baseload that are nominal and weather-adjusted

Energy expenditures

CPI adjusted; high energy expenditures as defined by Program regulations

Energy burden

Calculated from income and energy expenditures, with “high” energy burden as
defined by Program regulations

Participation in public
assistance programs

LIHEAP, Food Stamps, Temporary Assistance for Needy Families (TANF),
Section 8§, Public Housing, Medicaid, Supplemental Security Income (SSI)

For each weatherized housing unit or building included in the billing data sample (see Section
2.2.1), using the DF2 (Housing Unit Information Data Form, see Appendix F) or the DF3 (Building
Information Data Form, see Appendix G), the following data will be collected from the agencies:

detailed housing unit/building and occupant characteristics,
identification of the diagnostics performed,

diagnostic data measured by the agencies,

1dentification of the measures installed, and

costs for measures installed and other work performed.

The billing data sample includes data only on those housing units or buildings that use
natural gas or electricity as their primary heating fuel. In order to fully characterize all housing units and
buildings served by the Program (not just those heated by natural gas or electricity), information will be
collected from the same 400 agencies used in the billing data sample on 25% of the housing units and
buildings from each agency whose primary heating fuel is NOT natural gas or electricity. These data will
be collected using DF2 (Housing Unit Information Data Form, see Appendix F) or DF3 (Building
Information Data Form, see Appendix G).

The data requested in DF2 and DF3, above, are typically maintained in the records of each
agency, so no additional information will need to be collected by the agencies. Agencies that store these
data electronically will likely be able to provide it on all the housing units and/or buildings they
weatherize rather than the 33% sample required for units and buildings heated by natural gas or electricity
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(see Section 2.21.) or the 25% sample required for units and buildings heated by other fuels. These data
will be collected just after the end of the agency’s PY 2010.

2.1.2 Low-Income Weatherization Market Analysis

To get a broad picture of the low-income weatherization market, descriptive statistics on key
attributes of the eligible population will be developed using data from RECS, CPS, and AHS. Households
with incomes of 60% or less of their state’s median income will be the focus of this analysis. The entire
low-income population will be characterized, as well as the five subsets of the population allowed by
DOE to receive priority service: households with elderly, children, or handicapped; and houses with high
energy expenditures or high energy burdens. Other subsets of houses that may be studied separately if
there are sufficient data in the databases include “low-efficiency” houses (e.g., houses with no attic
insulation), houses of people on fixed incomes, and/or houses whose occupants receive a majority of their
income from Social Security. The key attributes that will be studied include the following:

housing characteristics (housing type, tenure),

type of primary heating fuel,

demographics (elderly, children, handicapped, single parent, and ethnicity),
income,

energy usage (total, heating, cooling, and/or baseload),

energy burden,

energy expenditures, and

participation in other public-assistance programs.

These attributes will be presented nationally and by climate region in terms of means, medians,
distributions, and other characteristics. They will also be cross-tabulated by other key attributes.
Comparisons will be made between the low-income population and the national population, and among
the findings from this evaluation, the retrospective evaluation, and the 1989 National Evaluation in order
to identify changes since 1989.

A literature review will be conducted to explore the impact of energy expenditures on households
eligible for the Program as well as on households with higher incomes that might also have difficulty
paying their energy bills. This literature review will examine the issue of energy affordability across
different income categories and will provide a description of the population in need of assistance in order
to place the objectives of the Program in their appropriate context.

Using data collected from all states and agencies nationwide via the web-based survey, all the
units weatherized by the Program in the program year will be characterized by the following key
attributes:

classification as DOE or non-DOE units,

housing type,

primary heating fuel,

tenure,

climate region,

participation in other federal assistance programs,
income,

ethnicity,

single-parent, and

priority traits of occupants and houses for weatherization.
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These attributes will be presented nationally and by climate region in terms of means, medians,
distributions, and cross-tabulations with other key attributes. The results will then be compared to the
characterization of the eligible population to identify the segments of the eligible population and eligible
housing stock being served by the Program. Results will be presented in relative percentages and
proportions nationally and by climate regions.

2.1.3 State and Agency Characterization Analysis
Local and state agencies will be characterized by key attributes, including the following:

e agency type and size,

e funding (both DOE and non-DOE),
how funding is allocated by function (e.g., intake, auditing, training, weatherization, quality
assurance monitoring),

e number of units weatherized (total and by funding source, with tagging to avoid duplicated

counts),

number of units on a waiting list,

number of units referred to other programs,

number of units receiving on-site services from non-energy programs, and

number of staff/employees by role, tenure, training, experience, and those needing certification.

The scope and scale of agency involvement with other energy, housing, and low-income
programs will be characterized and described. The location and status of the state agencies administering
the Program within their state government organizations will be described, and the relationship of the
state agencies to other energy, housing, and low-income programs will be characterized and described.
Descriptive statistics will be presented nationally and by climate region in terms of totals, means,
medians, and distributions, as appropriate.

2.1.4 Detailed Characterization of Program and Analysis of Implementation

The approaches used to select clients, audit houses, provide client education, train crews and
agencies, and monitor agencies will be thoroughly characterized as part of the in-depth analysis to be
performed on audits and client education under the impact assessment portion of this evaluation. Results
from these characterization analyses will be used and integrated with the other characterizations being
described in this section.

The client-selection process will be characterized by the outreach and marketing methods that are
used to get clients to apply for the Program (i.e., how a waiting list is developed) and the methods used to
select clients for weatherization from among the qualified applicants (i.e., from clients on a waiting list).
These characterizations will be organized nationally and by climate region.

Using the detailed data collected on the housing units that will be used in the energy analyses, the
houses and occupants weatherized under the Program will be further characterized by key attributes,
including:

o building characteristics (e.g., building type, tenure, floor area, age, number of stories,
condition/state of repair, health and safety problems present),

e cquipment characteristics (e.g., primary and supplemental heating fuels, central heating system,
air conditioning type), and

e occupancy characteristics (e.g., number of occupants; number of children, elderly, and/or
handicapped; income; energy burden).
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The key attributes will be characterized nationally and by climate region, primary heating fuel,
and dwelling type. Distributions will be examined and reported as appropriate. Results will be integrated
into the market analysis described in Section 2.1.2.

The frequency with which various weatherization measures are installed in houses under the
Program will be reported and classified into eight major categories: air and duct leakage, insulation,
window and doors, space heating equipment, cooling equipment, baseload, client education, and health
and safety/repair. Subcategories will further refine these categories and will note different implementation
approaches. For example,

e the insulation category will be broken down into attic, wall, and floor insulation, and wall
insulation will be further divided into high-density and standard installation techniques;

o the baseload category will be broken down into specific water-heater measures, lighting, and
refrigerators;

o the client education category will be divided by different client-education approaches; and

e health and safety/repairs will be classified as replacements of roofs, floors, doors, and windows;
installation of smoke and CO detectors; electrical-system repairs; replacement of unsafe space
heaters; replacement of broken air conditioners; and plumbing repairs.

These frequencies will be reported nationally and by climate region, and by primary heating fuel,
dwelling type, and other subgroups. The frequency with which different measures are installed by
contractors vs. crews will also be tabulated.

The frequency with which diagnostic techniques are used in weatherized houses will be reported
for the various techniques (e.g., blower doors, infrared cameras). These frequencies will be reported
nationally and by climate region, as well as by primary heating fuel, dwelling type, and other subgroups.
For each technique, frequencies will also be tabulated on when the diagnostics were performed (e.g.,
during the audit, at time of measure installation, or during final inspection) and who performed the
diagnostics (e.g., auditor, crew member, or inspector).

2.1.5 Program Funding and Costs Analysis

Using agency- and state-level data, financial resources used for weatherization at the local level
(both DOE and leveraged, non-DOE) will be characterized, as well as how those resources are combined
to weatherize individual units by unduplicated counts (i.e., units weatherized with funds from more than
one funding source will not be double counted). These data will be presented nationally and by climate
region. Performance requirements for non-DOE funding sources will be analyzed to determine how these
compare and relate to requirements for the DOE program. A similar analysis has recently been performed
for the Program by Economic Opportunity Studies (Power, 2003). This section will expand that study’s
analysis outside its formal evaluation budget form to meet the present needs of this evaluation.

Using house-level cost data collected for the energy savings analyses, the average installation
costs (labor plus materials) per house will be determined nationally and by the following:

climate region,

building type,

fuel type,

tenure (ownership),

type of installer (contractor or in-house crew),
funding source, and

possibly other categories.
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Distributions will be examined and reported as appropriate. Prices paid for materials and
measures will be assessed against market rates. Average per-house labor and material costs will be
examined in a similar manner, as will material costs for individual measures (labor costs per individual
measure will only be studied if consistent, high-quality data can be obtained from agencies; however, the
availability of such data is not anticipated).

2.2. ENERGY AND COST SAVINGS

A major task for the impact evaluation is to estimate energy savings attributable to WAP in
homes heated by natural gas and electricity; this study implements a quasi-experimental approach. It is
understood that, all things being equal, a random control trial (RCT) approach would be preferred over a
quasi-experimental approach. However, there are compelling reasons, explained in this subsection, why a
quasi-experimental design has been chosen instead.

The retrospective study, which was also designed quasi-experimentally, was based on the
WAP evaluation conducted two decades ago (when the last national evaluation of the Program was
conducted). The quasi-experimental design for the retrospective evaluation implemented probability-
proportional-to-size sampling (PPS) to subsample 400 subgrantees (out of ~900) (discussed in more detail
below). Sampling one-third of the units weatherized by these agencies in a targeted program year (e.g.,
PY 2008) yields a treatment sample size of approximately 10,000 units (out of approximately 100,000
WAP weatherized per year pre-ARRA). The approach calls for an equal number of units to be in the
control group, to be drawn from homes weatherized during the following program year.

This choice of control group is reasonable because this group, like the treatment group, has self-
selected to apply for weatherization services, and the two groups are likely to be similar in all variables
correlated to energy use. (Historically, WAP has only served a small percentage of eligible homes
[100,000 homes per year vs. a potential pool of approximately 35 million] and the observed homes going
through the Program have had quite similar and constant characteristics for many years.

According to a recent GAO report, “program evaluation literature generally agrees that well-
conducted randomized experiments are best suited for assessing effectiveness when multiple causal
influences create uncertainty about what caused results.”® The GAO report goes on to note, however, that
randomized experiments “are often difficult, and sometimes impossible, to carry out,” and that “requiring
evidence from randomized studies as sole proof of effectiveness will likely exclude many potentially
effective and worthwhile practices.” When randomized studies are impractical or impossible to carry out,
quasi-experimental (QE) comparison group studies satisfactorily provide “rigorous alternatives to
randomized experiments.” For legal and practical considerations, we believe that a classical randomized
control trial (RCT) approach cannot be implemented to evaluate WAP during the ARRA period.

Additionally, the WAP is administered by States (i.e., grantees) through subgrantees who must
prioritize WAP applicants in order to select them. The primary barrier to randomization in a WAP
evaluation is in fact legislative priority constraints on how the subgrantees should prioritize WAP
applicants. From the U.S. Department of Energy, Weatherization Assistance Program for Low-Income
Persons, Title 10, Part 440 (Direct Final Rule, Federal Register, June 22, 2006) °:

*Program Evaluation: A Variety of Rigorous Methods Can Help Identify Effective Interventions,” GAO-10-30,
November 2009.

* Ibid.

> See http://www.waptac.org/sp.asp?id=1812#minimum.
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Section 440.16 Minimum program requirements...(b) Priority is given to identifying and
providing weatherization assistance to:

(1) Elderly persons;

(2) Persons with disabilities;

(3) Families with children;

(4) High residential energy users; and

(5) Households with a high energy burden.

Thus, Title 10, Part 440 essentially prohibits the purely random assignment of WAP applicants to control
groups, meaning that the RCP approach is not possible.

In conjunction with Title 10, Part 440, there is also a practical and perceived moral obligation
among subgrantees to provide services to all applicants—and particularly to high-priority applicants—as
fairly and expediently as the Program will allow. This institutional resistance to random assignment to
and the consequential delay of service to control groups would have to be overcome before an RCT could
be correctly implemented. Changing existing practices would mean that the evaluation team would need
to vigorously engage DOE WAP management and all the grantees and subgrantees to convince them all
to change Program management processes to fit the needs of an RCT evaluation. This task is beyond the
responsibilities of the evaluation team and would be virtually impossible to implement in time, given that
we are already well into the ARRA period.

Despite the barriers to a classical RCT approach to WAP evaluation, we consider in Appendix S a
hypothetical “split-winter” RCT that could be conducted in conjunction with the QE WAP evaluation
study. By “split-winter,” we mean that weatherization would be performed during one particular winter,
and the total duration of the study would generally be less than in a full evaluation. Sample-size
calculations for the split-winter RCT suggest that, even if the legislative and cultural barriers could be
circumvented, this alternative RCT approach would still not be a good idea because of very large (and
therefore expensive) sample-size requirements. This further supports the assumption that an RCT is not
feasible in the WAP-ARRA context and that a carefully conducted QE study is a better approach.

The quasi-experimental approach that has been decided upon for this analysis includes these
components:

estimating variation in billing history data;

estimating treatment and control group sample sizes;

determining how many subgrantees (i.e., local weatherization agencies) need to be sampled;

asking the subgrantees to provide lists of units weatherized during the program year under study;

asking the sampled subgrantees to provide lists of units weatherized during the following

program year to act as a control group;

e sampling units from these two lists to identify units for which billing histories will be collected;
and

e contacting the appropriate natural gas and electricity utilities to collect the billing histories, one

year pre- and one year post-weatherization.

Adopting the quasi-experimental design approach, the evaluation will focus on estimating the
following two aspects of energy and cost savings:

e total annual energy savings achieved from all units weatherized by the Program in PY's 2009,

2010 and 2011 (all fuels combined—natural gas, fuel oil, propane, electricity, etc.—representing
a combination of all space-heating, cooling, and baseload energy uses in the houses); and
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e average annual energy savings (calculated separately by electricity savings and energy savings for
all non-electric primary space-heating fuels combined) achieved per household in PYs 2009,
2010 and 2011 nationally and by climate region, housing type, primary space-heating fuel type,
and the five client groups that the Program is specifically instructed to focus on (i.e., the elderly,
persons with disabilities, families with children, high residential energy users, and households
with high energy burden).

The cost savings associated with the above energy savings will be calculated using regionally-
dependent fuel costs; the estimated energy and cost savings for PYs 2009, 2010 and 2011 will be
compared to results from the retrospective evaluation, the 1990 National Evaluation, and the meta-
evaluations performed between 1990 and 2005. Although average energy and cost savings will be
calculated in this study by region, housing type, and primary space-heating fuel type, a full analysis of
factors affecting energy consumptions and savings will be performed (see Section 2.5).

Energy savings will be estimated based on a sample of housing units or buildings selected from
each state in the nation. Billing data will be collected and analyzed on a majority of the housing
units/buildings sampled. Energy savings estimated for individual housing units or buildings will be used
to develop national estimates. Details are provided below.

2.2.1 Sampling Frame and Data
For the retrospective sampling approach, the following information were needed to design and
implement the energy analysis sampling frames described in this section:

e DOE funding received by each agency from ARRA;

o identification of agencies that weatherize a significant number of the following types of units:
large multifamily units, large multifamily buildings heated by fuel oil, single-family houses
heated by fuel oil, single-family houses heated by propane, or mobile homes heated by propane;
and

o identification of agencies whose housing units or buildings are served by natural gas and electric
utilities that will be cooperative in providing billing data for the evaluation.

This information will be collected as part of S1 (All States Program Information Survey, see
Appendix C) administered to all states and territories and S2 (All Agencies Program Information Survey,
see Appendix D) administered to all agencies just after the end of PY 2010.

Billing Data Sample— For the retrospective evaluation, natural gas and electricity billing data
were collected on a sample of the single-family houses, mobile homes, and both small and large
multifamily housing units that were weatherized by 400 agencies in PYs 2007 and 2008. For each agency,
all units whose primary heating fuel was natural gas or electricity were sampled if utility account data and
other information can be easily provided electronically by the agency; otherwise 33 percent of such units
will be sampled (total number of units is estimated to be approximately 10,000). Natural gas billing data
were collected on those units whose primary heating fuel was natural gas. Electricity billing data were
collected from all the sampled units. Billing data were collected for at least 12 months before and 12
months after each unit’s weatherization date. Billing data on a comparable number of control houses were
also collected.

The sample size of 400 agencies and 10,000 housing units was selected so that the nationwide
total annual energy savings (and average energy savings per housing unit) attributable to the Program can
be estimated to within ~15% of its actual value at a 90% confidence level after non-response and attrition
are taken into account (see Appendix O for a detailed justification for this sample size). Agencies (and
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thus their housing units) were sampled rather than sampling housing units directly from among all
agencies nationwide because of the cost that would be involved in working cooperatively with ~900
separate agencies. The 400 agencies were selected in two steps: the number of agencies to be selected
from each state was determined first, and then agencies within each state were selected.

The selection of the 400 agencies was stratified by state because such stratification

e controls for differences in geography, climate, housing stock, fuel types, and other factors;

e controls for the fact that each state administers its program differently (i.e., savings for homes or
agencies are likely to be similar to other homes or agencies in the same state rather than a
different state);

e ensures that each state will have at least one agency included in the sample; and

e ensures that data provided by states that wish to contribute resources to extend the survey in their
states can be easily incorporated into the analysis, and the benefit to the state from doing so can
be clearly seen.

The number of individual agencies that were selected from each state were in proportion to the
amount (or “size”) of the weatherization activity that occurred in each state in PY 2008. For the
retrospective evaluation, “size” was defined as the amount of DOE Program funding received by the state.
If, for example, a state received 10 percent of the Program’s available funding, then 30 agencies (10
percent of 400) would be selected from that state. The number of agencies counted in a state was rounded
up to 2 even if its numerical proportion was 1.5 or less in order to ensure that an agency from each state
was included in the sample, that standard deviations could be calculated for each state, and that the 14
hot-climate states were adequately represented. It should be stressed that neither the retrospective nor the
WAP ARRA period evaluations are interested in comparing states, but that the method of stratification by
states is being used to improve the sampling randomization and to minimize the sampling error.

Agencies were selected within a state using PPS sampling, with “size” again defined as the
amount of DOE Program funding received by the agency from ARRA funds. PPS sampling is a standard
statistical method that selected agencies that were representative of the entire state but which
preferentially selects larger agencies (i.e., agencies that received more DOE Program funding) with a
higher probability than smaller agencies. This sampling approach led to estimates of totals that are more
accurate than estimates based on simple random sampling (i.e., equal probability sampling).

In general, 33 percent of the housing units and buildings whose primary heating fuel is natural
gas or electricity and that were weatherized by each agency were randomly selected for inclusion in the
retrospective evaluation sample. If an agency was able to provide in electronic form utility account
information on all the natural gas and electrically heated units or buildings it weatherized in PYs 2007
and 2008, all such units and buildings weatherized by the agency were included in the billing data sample.
At least seven housing units will be selected from each agency to ensure that three housing units remain
for each agency after non-response and attrition are considered.

The agency sampling for this WAP ARRA period evaluation will differ from the agency
sampling approach for the retrospective study for three reasons. First, there are 129 more agencies
providing weatherization services during the ARRA period than during the retrospective period. The
sampling approach needs to include some new agencies in the sub-sample.

Second, as explained in depth in Section 4.4, an important component of this evaluation is an

assessment of the outcomes of the Sustainable Energy Resources for Consumers Program (SERC),
initiated during the ARRA period. This program awarded grants to 92 local weatherization agencies to
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install renewable energy and advanced energy efficiency measures. For reasons explained in Section 4.4,
it is necessary to collect billing histories for the SERC homes for all 92 agencies. Thus, all 92 agencies
need to be part of the subsample. Of these 92 agencies, 35 were in the original sample of 400, 50 were
not, and 5 are new to the program.®

Third, experiences gained during the data collection phase of the retrospective evaluation suggest
that some of the subsampled agencies cannot be persuaded to participate in this project. On the other
hand, the identities of very willing agency participants are known. Thus, the revised methodology
incorporates known respondents and drops known non-respondents from the set of sub-sample agencies.
It should be noted that it is important to ensure that the WAP ARRA period sub-sample of agencies
includes a substantial number of agency respondents for the retrospective evaluation in order to facilitate
comparisons across a large number of variables between the two time periods.

Combining these factors together yields the following approach to developing the set of sub-sampled
agencies:

o The 344 agencies that responded during the retrospective study will be included in the sub-sample
(344 out of 847 equals 41% of the original set of retrospective agencies);

o Included in this set of 344 agencies are 35 agencies that received SERC grants;

e Fifty-six new agencies will be included in the sample (56 out of 129 new agencies equals 43% of
the new agencies);

e All five of the new agencies that also received SERC grants will be included in the set of 56 new
agencies;

o The other 50 agencies that received SERC grants but were not part of the retrospective sub-
sample of agencies will also be included in the new set of sub-sampled agencies; and

e The sample size for the sub-sampled agencies for the WAP ARRA period evaluation will increase
to 450 for this reason.

Just like the retrospective evaluation, for each house and building included in the billing data
sample, the names of the electric and gas (if applicable) utilities, account numbers, weatherization period,
and waiver (release) forms will be collected from the agencies, along with the other housing unit and
building information described in Section 2.1.1 using the DF2 (Housing Unit Information Survey, see
Appendix F) or the DF3 (Building Information Survey, see Appendix G).

The evaluation team will collect the actual electricity and natural gas billing data directly from
the utilities (at least 12 months of bills before weatherization and 12 months of bills after weatherization),
although agency assistance may be needed in the collection of these data. Natural gas billing data will be
collected on those housing units and buildings whose primary heating fuel was natural gas. Electricity
billing data will be collected on all housing units and buildings sampled (i.e., both those whose primary
heating fuel was electricity and those whose primary heating fuel was natural gas). For multifamily
buildings, natural gas and electricity bills will be collected for all master meters as well as for all meters
serving the individual apartment units. Utilities will be asked to provide data for each address regardless
of occupancy changes and to note when occupancy changes occurred, as these data will be used in the
study of non-energy impacts (see Section 2.3.1). The following will be done in order to improve the
response rate for the billing data requests:

e an appropriate person at each utility will be contacted to smooth out the process,

% As of this writing, the identities of the other two agencies are uncertain because of conflicting information in
programmatic records.
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o the billing data requests will be planned so that data for multiple housing units and buildings are
requested from a utility at one time,

o billing data will be requested at regular intervals to reduce the chance that the utilities will not be
able to provide data that have already been archived and no longer readily accessible, but the
number of such requests will be limited so that utilities have to provide data a limited number of
times during the course of the evaluation, and

e assistance from utility regulatory commissions and similar organizations will be solicited as
needed.

A control group for the billing data sample will be developed using housing units and buildings
weatherized by the same agencies in the PY immediately following. So for example, the control group for
homes weatherized in PY 2010 would be homes weatherized in PY 2011. Such a control group will have
characteristics that are similar to the weatherized group because they are houses and buildings served by
the same agencies; in addition, the client self-selection that led to clients’ applying for weatherization
assistance will be the same, and the selection process used by the agencies will be the same. The number
of control housing units and buildings selected from each agency will be approximately the same as the
number of weatherized units sampled from that agency. Controls will be selected from each agency
throughout the PY so that pre- and post-weatherization periods for the control units will be similar to
those for the weatherized units. Controls will be randomly selected within each agency after building type
and primary heating fuel are considered, so that these general characteristics closely match those for the
weatherized group.

2.2.2 Energy Analysis

For the energy analysis, energy savings for individual housing units and buildings, normalized to
a typical-weather year, will be estimated using data and approaches that depend on the building type (see
Appendix P for a detailed definition and description of the building types that will be used in the
evaluation) and on whether billing data or sub-metered data were collected. Weather-normalized savings
estimates for individual houses and buildings will then be used to estimate the total annual energy savings
or average annual per-household energy savings for the Program. Energy-savings estimates will be
converted to cost savings using known fuel costs.

Energy Analyses Using Billing Data—Billing data collected on housing units or buildings will
be analyzed using three different methods:

o the Princeton Scorekeeping Method (PRISM) as outlined in more detail in Appendix R or suitable
substitution;
the ORNL Aggregate Method as outlined in Appendix R; and

o a third method based on a review of the state-of-the-art techniques such as Statistically Adjusted
Engineering (SAE) models, Analysis of Covariance (ANOV A) models, Conditional Demand
Analysis (CDA), and fixed-effect models (Hall, 2006; Hall 2004).

For houses or buildings using natural gas as the primary space-heating fuel, two analyses will be
performed using each of the three methods: one analysis to determine the weather-normalized savings in
the space-heating fuel and another analysis to determine the weather-normalized electricity savings.

PRISM, one of the analysis methods used in the retrospective evaluation, was also the primary
method used in the 1989 National Evaluation. It has been recommended that methods other than PRISM
be used to supplement and/or serve as an overall check on the PRISM analysis (especially in the hot-
climate region, where attrition has been high in previous studies and statistically significant savings have
been difficult to measure). Simple methods, such as using simple degree-day adjustments or summing up
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seasonal usage, have been suggested to reduce model failures when PRISM is used and to avoid the
subsequent bias that can be introduced. The ORNL aggregate model was selected as a primary alternative
method that will be used because, like PRISM, it identifies baseload consumption and allows
uncertainties in estimated parameters and calculated values to be determined with a statistical basis. A
second alternative method will be selected after a review of the most current methods.

Annual Program Energy Savings—The total annual energy savings achieved by the Program in
PYs 2009, 2010 and 2011 will be estimated using the weather-normalized saving estimates for the
individual houses and buildings sampled and a statistical approach based on how these houses and
buildings were sampled. As outlined below, the total annual energy savings achieved by each state in PYs
2009, 2010 and 2011 will be estimated, and these state values will then be summed to calculate the total
annual energy-savings estimate for the Program. State savings are being estimated as an intermediate
value to estimating the Program savings because the selection of agencies (and hence housing units and
buildings) was stratified by state. Also, the best estimator for savings achieved in housing units and by
agencies within a state are savings measured in other housing units and by other agencies within that
same state because of differences in how states implement the Program (e.g., what measures are installed,
how measures are installed, etc.). The total energy-savings estimates for each state and the Program will
be calculated on both a site and source basis.

For each state, the cells in Table 2.2 will be filled in and summed to calculate the total annual
energy-savings estimate for the state as follows:

o The savings estimate for each cell involving natural gas or electricity use will be calculated using
the weather-normalized savings estimates for the individual houses and buildings sampled in the
state, along with appropriate weighting factors, which are based on how the agencies were
sampled, the size of the agencies, the number of houses sampled, the number of houses
weatherized in the state, etc. Weather-normalized savings estimates for the individual housing
units and buildings will be those calculated using PRISM, the ORNL Aggregate Method, the third
method chosen, or a combination of these, especially for cell entries based on normalized annual
consumptions (NACs) that cannot be well determined, as, for example, analyzing the electricity
use in homes where electricity is not the primary heating fuel or fuel use in homes in hot climates
with little heating load).

e For cells involving fuel oil and propane, energy savings will be estimated based on the results of
the fuel-oil and propane monitored samples from the retrospective evaluation.

e For the “other” cells, engineering estimates will be made based on savings measured for other
cells in that state. It is anticipated that engineering estimates will only be required for cells that
represent a small percentage of the units weatherized in a state because of the breadth of the
proposed sampling plan.

Electricity savings on all sampled houses will be estimated (in part to address space cooling,
especially in the hot-climate region) and to include savings from baseload energy uses in the total
Program energy-savings estimate. The analysis approach presented above accomplishes this. Electricity
consumptions and savings will be estimated in all sampled houses and buildings (not just those that are
electrically heated). The analysis of natural gas and electricity billing data will include baseload uses as
well as space heating and space cooling.

The average annual energy savings per household achieved by the Program will be estimated in a
manner similar to that for the total annual energy savings described above, except that savings will be
normalized by the number of units weatherized. Average energy savings will be calculated on both an
absolute and percentage basis, and separately by electricity and all other primary space-heating fuels
combined. Average annual per household energy savings will be calculated by climate region, housing
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type, primary space-heating fuel type, and various combinations of these categories, as well as by the five
client groups that the Program is specifically encouraged to focus on (i.e., the elderly, persons with
disabilities, families with children, high residential energy users, and households with high energy
burden). Four climate regions consistent with those used in the retrospective evaluation and 1989
National Evaluation will be used: cold, moderate, hot-humid, and hot-dry.

Table 2.2. Total annual Program energy savings

Building type/
Primary space-heating fuel

Number of units
served by the
Program

Non-electric
fuels
(Btu)

Electricity
(kWh)

Total
(Btu)

Site

Source

Single-family:

Natural gas

Electricity

Fuel oil

Propane

Other

Mobile home:

Natural gas

Electricity

Fuel oil

Propane

Other

Small multifamily:

Natural gas

Electricity

Fuel oil

Propane

Other

Large multifamily:

Natural gas

Electricity

Fuel oil

Other

Total
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The total annual energy savings and the average annual per household energy savings described
above will be calculated two ways when PRISM results are used. First, results will be calculated using
only those houses or buildings that have typical indicators of model reliability (coefficient of
determination (R?) and coefficient of variance (CV) of the normalized annual consumption that pass
standard PRISM criteria (or equivalent for the sub-metered models). This is consistent with past
evaluations and is done to eliminate houses and buildings that have models with poor predictive ability
from the analysis. Secondly, because of concerns that eliminating such houses and buildings may
introduce bias into the results, additional results will be calculated using those houses that pass a more
relaxed set of criteria and/or a minimum set of criteria (essentially all houses and buildings). In all cases, a
“flatness index” available in PRISM will be used to pass additional houses and buildings that would
otherwise fail the PRISM criteria. The flatness index identifies houses and buildings with neither a strong
heating nor cooling signal (where R? is very low) but with a normalized annual consumption that is well
determined. This occurs, for example, in examining the space-heating fuel use in a house in a warm
climate that has little heating load, the electricity use of a house in a cold climate that has little cooling
load, and the electricity use of a house in any climate without an air conditioner. Also, in all cases,
outliers will be identified, data quality will be carefully checked, and outliers possibly screened.

In calculating the total annual energy savings and the average annual per-household savings as
described above, occupancy changes (and the subsequent large fluctuation in energy consumption that
may result) will not cause a house or building to be removed from the analysis. The Program is intended
to increase the energy efficiency of low-income housing, and occupancy changes occur naturally in such
houses. This is consistent with the approach taken in the retrospective evaluation and 1989 National
Evaluation but somewhat atypical of other weatherization evaluations. If desired and deemed necessary,
separate analyses with and without occupancy changes will be performed. One concern in automatically
dropping such housing units is that large sample attrition may result because low-income housing can
have high turnover rates. Another concern is that bias could be introduced because housing units with
occupancy changes may have different energy-related characteristics than housing units without
occupancy changes and the characteristics and behaviors of movers could be different from that of people
who do not move.

The total annual energy savings and the average annual per household savings calculated above
will be calculated with and without adjustments for savings in a comparable set of control homes and
buildings (i.e., both gross and net results will be presented). Inclusion of a control group (i.e., adjustment
of savings for weatherized housing units by the savings for the control group) allows estimation of energy
consumption changes that would have occurred in the absence of the Program and controls for factors
such as occupant behavior and fuel prices that influence housing-unit energy consumption.

It is desirable to help states that want to determine the savings in their specific state using both
data collected under this evaluation and supplemental data collected specifically for that state. The
evaluation approach presented in this section easily allows for this since data are being collected in each
state and savings are built up by state. Additional funding will be provided by the states or from some
other sources to (1) determine what additional data need to be collected needed to perform a state-level
analysis, (2) develop the necessary sampling plans and survey instruments, (3) collect the additional data,
(4) analyze the additional data together with information already collected under this evaluation in the
state, and (5) write a report for the state. The supplemental information collected for an individual state
will be incorporated into the analysis performed for the national evaluation by using it, together with data
collected in that state under the evaluation, to develop state values.

Cost Savings—The energy savings estimated above will be converted to cost savings using the

best available fuel-cost data, which are based on the actual costs incurred by the weatherized homes used
in the analysis discussed in this section. Average published fuel-cost data are unlikely to match the

38



climate regions being used in the evaluation and are likely representative of all households rather than just
low-income households. Therefore, fuel-cost data obtained for the homes in the energy analyses should be
used to convert energy savings into cost savings. Special care will be taken in converting energy savings
into cost savings if costs were especially volatile over the Program year.

Sensitivity Analysis—A fter all energy and cost savings are calculated, a sensitivity analysis will
be conducted to see how out-year estimates of energy and costs savings might change in response to
variation in key driving factors, such as changing demographics in the houses, loss of housing stock,
volatility in fuel costs, new technology, and climate change. The results of this analysis will be used in the
sensitivity analyses performed for non-energy impacts (see Section 2.3.1) and cost-effectiveness (see
Section 2.4).

2.2.3 Measures Analysis

Lastly, an in-depth analysis of the measures installed will be conducted. This is a particularly
important task for this WAP-ARRA period evaluation because during this time, the average investment in
homes increased from $2500 to $6500. This task will answer the question: How did the packages of
measures installed in homes change from PY 2008 to PY 2010?

Several analytical techniques will be applied. First, descriptive statistics that compare the absolute
number of measures by type of measure installed in PY 2008 vs. PY 2010 will be produced. Second,
percentages of each measure installed (out of all measures installed) will be calculated for both program
years. Third, the average number of measures installed per home for both program years will be
calculated. Fourth, the probabilities that any particular measure will be installed in a home will be
calculated for both program years. Fifth, cluster analyses will be done to explore if there are regular
groupings of installed measures and to assess whether the most common measure packages changed
between program years. These statistics will be calculated nationally and also by climate region and house
type (e.g., single family, mobile home). This information should provide a comprehensive picture of
changes in measure installation from PY 2008 to PY 2010.

2.2.4 Attribution Methodology

While the Program is the major driving force behind the weatherization of low-income homes in
the United States, the Program’s resources are leveraged by several other parties and programs, including
LIHEAP, PVE, public benefits funds, states, utilities, and non-profit organizations. It is important to
properly attribute energy savings and energy cost savings to those parties that, along with DOE,
contribute financial and in-kind resources to weatherize low-income homes.

This evaluation will develop a methodology to allow energy savings and energy cost savings to
be attributed to the set of parties mentioned above based on well-known concepts found in the field of
decision analysis. Generally, the methodology will be based on concepts used in multi-criteria decision-
making, which includes such tools as decision matrices and evaluation criteria. More specifically, the
methodology will categorize weatherization into a finite set of activities and functions (program
management, outreach and marketing, client selection, audit and measure selection, measure installation,
and training). The contributions of the parties to these activities and functions will be estimated using
information collected from all the states as part of S1 (All States Program Information Survey, see
Appendix C) and from the 400 agencies included in the billing data sample as part of S3 (Subset of
Agencies Program Information Survey, see Appendix E). The influence of these activities and functions
on energy savings and cost savings will be estimated by a panel of experts. Using the two sets of
estimates and a decision-matrix approach, the accurate attribution of energy savings and cost savings
appears to be fairly technically straightforward . If the panel of experts feels that the influences of the
activities and functions on savings vary by known state characteristics (e.g., states with that have utility
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weatherization involvement vs. those that do not), then the analysis could be performed by categories of
states to build up the appropriate national attribution values.

The challenges to implementing an attribution methodology are likely not to be so much technical
as related to the process. For example, one important question relates to who should be involved in
making the two sets of estimates described above (although an approach is outlined above). How should
the estimates be generated if several parties are involved? How should disagreements among the parties
about the estimates be resolved? Lastly, the scale of the attribution methodology needs to be carefully
considered. It is assumed that the methodology will be developed within a national context. However,
various parties may request that the methodology be applied on a state-by-state basis. This latter approach
may require considerably more data collection and would certainly require much more effort to generate
the two sets of estimates for every state. Therefore, the process parameters must be clearly established in
order to achieve a meaningful, accurate, and efficient survey.

2.3 NON-ENERGY IMPACTS

As part of the impact assessment, the non-energy impacts (NEIs) attributable to the Program that
affect the clients served, the ratepayers, the utilities, and society will be ascertained. Table 2.3 shows the
primary non-energy impacts that have been identified to date and that will be quantified in this evaluation.
Schweitzer and Tonn (2002) identified most of these non-energy impacts as being applicable to the
Program and provide a detailed discussion of each. It is important to note that the project team will have
the flexibility to consider new impacts, new metrics, and new values for existing metrics, as long as such
investigation does not involve the collection of primary data not previously approved by OMB under the
terms of the Paperwork Reduction Act (PRA).

In addition to the non-energy impacts identified in Table 2.3, the number of actions taken by
weatherization providers to improve health and safety (e.g., fix broken flues, replace cracked heat
exchangers) will be reported as part of this evaluation.

Table 2.3 also quantifies each of the primary non-energy impacts as a monetized or non-monetized
value. Definitions of these terms for the purpose of this evaluation follow.

o Monetized value—For most of the Program-generated non-energy impacts, a monetary value
(annual dollar value and lifetime net present dollar value) will be calculated nationally (and
possibly by climate region) from different perspectives (client, utility/ratepayer, and society)
using a computer model or some other mechanism for performing the necessary calculations. The
major inputs for these calculations include household-level data gathered for this national
evaluation, a large set of performance metrics describing key Program outputs, and a set of
monetized metrics that converts performance measures into dollar values. The dollar value of
each monetized impact is calculated by taking the number of relevant household-level activities
reported, multiplying that number by the appropriate performance metric, and multiplying that
product by the matching monetized metric. Both a point estimate and a confidence interval are
expected to be calculated for each impact, in recognition of the uncertainty surrounding these
estimates. The “monetized value” will represent the net economic value of the impact, as both
costs and benefits associated with the impact will be included. However, monetized values will be
calculated only where a specific identifiable expense is avoided or incurred, or where a clear
monetary impact is obtained. Subjective approaches to calculating the dollar value of non-energy
impacts (e.g., using willingness-to-pay or relative-valuation approaches) will not be used in this
evaluation.
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¢ Non-monetized value—For a sizable minority of Program-generated non-energy impacts, all of
which fall under the broad umbrella of “safety, health, and comfort,” a non-monetary value will
be calculated. Most of these non-monetary values will come from surveys of occupant
perceptions, but some will come from the direct measurement of such key factors as indoor air
temperature and humidity levels. In assessing the value of these non-monetized impacts, the
performance metrics will be calculated directly from the relevant household-level data.

Table 2.3 shows the household-level data that will be used as a basis for calculating each non-
energy impact, as well as for calculating the performance metric and the monetized metric (where
applicable) associated with each specific impact.

Under the impact assessment, data will be collected to update some of the performance and
monetized metrics needed from earlier estimates before calculating values for the monetized non-energy
impacts. In updating these metrics, both costs and benefits will be considered so that net economic values
are developed. In addition, household-level data will be collected and analyzed to directly calculate values
for the non-monetized impacts. The required data collection and analyses are described more fully below.
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Table 2.3. Non-energy impacts and the household-level data and metrics required to calculate

their value
Household- Performance Metric (to
Level be multiplied by
Data (used as household-level data for Monetized Metric
basis for monetized impacts and (to be multiplied by
Impact Type of calculating the calculated from Performance Metric
Categories and Value value of household-level data for unless the two are
Specific Impacts | Calculated impacts) non-monetized impacts) identical)

I. Utility/Ratepayer Impacts

A. Payment-Related Impacts

1. Rate subsidy Monetized Number of Average reduction in Cost to utility per
payments households number of subsidized subsidized unit of energy
avoided by state weatherized units of energy sold per sold
aid agencies weatherized household
2. Lower rate of | Monetized Number of Average reduction in Same as Performance
bad debt write- households amount of bad debt Metric
offs weatherized written off by utility per

weatherized household
3. Reduced Monetized Number of Average dollar reduction | Interest due utility per
carrying cost on households in arrearage per dollar of arrearage
arrearages weatherized weatherized household
4. Fewer notices | Monetized Number of Average reduction in Average cost to utility per
and customer households number of notices sent notice sent and call made
calls weatherized and calls made to

customers, per

weatherized household
5. Fewer shut- Monetized Number of Average reduction in Average cost to utility per
offs and households number of customer shut- | shut-off and reconnection
reconnections for weatherized offs and reconnections
delinquency made by utility, per

weatherized household
6. Reduced Monetized Number of Average reduction in Average cost to utility per
collection costs households number of collections collection
for delinquent weatherized made by utility per
payments weatherized household
B. Service Provision Impacts
1. Fewer Monetized Number of Average reduction in Average cost to utility per
emergency gas households number of emergency service call
service calls weatherized service calls made per

weatherized household
2. Reduction in Monetized Electricity Average amount of Average cost to utility per
transmission and savings (in kWh) | electricity lost in unit of lost electricity
distribution in weatherized transmission and
losses houses distribution, per kWh sold
3. Insurance Monetized Number of Average reduction in Same as Performance
savings households utility’s cost for insurance | Metric

weatherized to cover household fires

and explosions, per
weatherized household
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Table 2.3. Non-energy impacts and the household-level data and metrics required to calculate

their value
Household- Performance Metric (to
Level be multiplied by
Data (used as household-level data for Monetized Metric
basis for monetized impacts and (to be multiplied by
Impact Type of calculating the calculated from Performance Metric
Categories and Value value of household-level data for unless the two are
Specific Impacts | Calculated impacts) non-monetized impacts) identical)
4. Shifted fixed Monetized Number of Average energy savings in | Change in fuel cost per unit
costs to utilities households weatherized houses of energy savings to cover
weatherized fixed costs

I1. Impacts on Participating Households

A. Affordable Housing Impacts
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1. Water and Monetized Number of Average water savings (in | Cost of water and sewer
sewer service water-saving gallons) per device service per gallon of water
savings devices installed | installed
in weatherized
houses
2. Property value | Monetized Number of Average cost of structural | Same as Performance
impacts households repairs per weatherized Metric
weatherized household
3. Avoided shut- | Monetized Number of Average reduction in Average cost to customer
offs and households number of shut-offs and per shut-off (for “lost rent”
reconnections weatherized reconnections, per and restart fee)
weatherized household
4. Reduced Monetized Number of Average reduction in Average cost per move
mobility households number of moves per
weatherized weatherized household
5. Reduced Monetized Number of Average number of hours | Average cost per hour of
transaction costs households required to become time (use minimum wage
weatherized familiar with energy- for this calculation)
saving products per
household
B. Safety, Health, and Comfort Impacts
1. Fewer fires Monetized Number of Average reduction in Average monetary loss to
households number of fires per household (property,
weatherized weatherized household injury, and death) per fire
Non- Occupant Perceived changes in Not applicable
monetized perceptions of safety of heating system
household fire and electrical wiring in
safety before and | weatherized houses
after
weatherization
2. Changes in Non- Occupant Perceived change in Not applicable
frequency of monetized perceptions of health problems in
health problems general health weatherized houses
and safety before
and after
weatherization




Table 2.3. Non-energy impacts and the household-level data and metrics required to calculate

their value
Household- Performance Metric (to
Level be multiplied by
Data (used as household-level data for Monetized Metric
basis for monetized impacts and (to be multiplied by
Impact Type of calculating the calculated from Performance Metric
Categories and Value value of household-level data for unless the two are
Specific Impacts | Calculated impacts) non-monetized impacts) identical)
Monetized Number of Average reduction in Average cost to household
households number of workdays lost | per lost work day
weatherized due to health problems per
weatherized household
Non- Occupant reports | Change in incidence of Not applicable
monetized on incidence of symptoms or occurrences
symptoms or of specific health
occurrences of problems in weatherized
specific health houses
problems before
and after
weatherization
3. Enhanced Non- Occupant reports | Reduction in number of Not applicable
prevention and monetized on number of times food could not be
treatment of times food purchased due to size of
health problems purchases were utility bill in weatherized
postponed or not | houses
made in order to
pay utility bills
before and after
weatherization
Non- Occupant reports | Change in access to and Not applicable
monetized on access to ability to pay for health
health care and care and medication in
medication weatherized houses
before and after
weatherization
4. Changes in Non- Measured CO Measured change in CO Not applicable
indoor air quality | monetized levels before and | levels in weatherized
after houses
weatherization
Non- Measured levels | Measured change in level | Not applicable
monetized of indoor of indoor airborne mold

airborne mold
spores relative to
outdoor levels
before and after
weatherization

spores relative to outdoor
levels in weatherized
houses
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Table 2.3. Non-energy impacts and the household-level data and metrics required to calculate

their value
Household- Performance Metric (to
Level be multiplied by
Data (used as household-level data for Monetized Metric
basis for monetized impacts and (to be multiplied by
Impact Type of calculating the calculated from Performance Metric
Categories and Value value of household-level data for unless the two are
Specific Impacts | Calculated impacts) non-monetized impacts) identical)
Non- Measured levels | Measured change in level | Not applicable
monetized of indoor of indoor airborne pollen
airborne pollen relative to outdoor levels
relative to in weatherized houses
outdoor levels
before and after
weatherization
Non- Occupant Perceived change in Not applicable
monetized perceptions of frequency of odors within
odors that could | weatherized houses
indicate a
problem with
indoor air quality
5. Changes in Non- Measured levels | Measured change in Not applicable
household monetized of indoor humidity levels in
moisture levels humidity before | weatherized houses
and after
weatherization
6. Decreased Monetized Number of Average reduction in Average cost of emergency
incidence of households number of times medical care at hospital,
hypothermia and weatherized emergency medical care is | emergency room, or urgent
hyperthermia sought due to heat stress care facility
or overexposure to cold
per weatherized
household
Non- Occupant reports | Change in incidence of Not applicable
monetized on incidence of students’ disrupted study
students’ in weatherized houses
disrupted study
due to excessive
heat or cold
before and after
weatherization
7. Improved food | Non- Measured Measured change in Not applicable
safety monetized temperature in refrigerator temperature in
refrigerator weatherized houses
before and after
weatherization
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Table 2.3. Non-energy impacts and the household-level data and metrics required to calculate

their value
Household- Performance Metric (to
Level be multiplied by
Data (used as household-level data for Monetized Metric
basis for monetized impacts and (to be multiplied by
Impact Type of calculating the calculated from Performance Metric
Categories and Value value of household-level data for unless the two are
Specific Impacts | Calculated impacts) non-monetized impacts) identical)
Non- Occupant reports | Change in incidence of Not applicable
monetized on number of gastrointestinal problems
incidents of and food poisoning in
gastrointestinal weatherized houses
problems and
food poisoning
before and after
weatherization
8. Improved Monetized Number of Average reduction in Average cost of emergency
household safety households number of times medical care at hospital,
and security weatherized emergency medical care is | emergency room, or
sought for injuries from urgent-care facility
tripping and falling in the
home
Monetized Number of Average reduction in Average cost of emergency
households number of times medical care at hospital,
weatherized emergency medical care is | emergency room, or
sought for burns from urgent-care facility
scalding from domestic
hot water
Non- Occupant Perceived change in Not applicable
monetized perceptions of security from criminal
security of home | intrusion in weatherized
from criminal houses
intrusion before
and after
weatherization
Monetized Number of Average reduction in Average value of items
households number of break-ins per stolen in break-in
weatherized weatherized household
9. Change in Non- Measured levels | Measured change in levels | Not applicable
presence of monetized of asbestos and of asbestos and radon in
environmental radon in houses weatherized houses
hazards before and after
weatherization
Non- Reports on Change in number of Not applicable
monetized incidence of poisonings from

poisoning from
household
chemicals before
and after
weatherization

household chemicals in
weatherized houses
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Table 2.3. Non-energy impacts and the household-level data and metrics required to calculate

their value
Household- Performance Metric (to
Level be multiplied by
Data (used as household-level data for Monetized Metric
basis for monetized impacts and (to be multiplied by
Impact Type of calculating the calculated from Performance Metric
Categories and Value value of household-level data for unless the two are
Specific Impacts | Calculated impacts) non-monetized impacts) identical)
Non- Occupant reports | Change in level of vermin | Not applicable
monetized on level of infestation in weatherized
household houses
infestation with
vermin before
and after
weatherization
10. Improved Non- Occupant Perceived improvement in | Not applicable
comfort monetized perceptions of indoor comfort
indoor comfort (temperature and
(temperature and | draftiness) in weatherized
draftiness) before | houses
and after
weatherization
Non- Measured indoor | Measured change in Not Applicable
monetized air temperature indoor air temperature in
before and after | weatherized houses
weatherization
11. Improved Non- Occupant Perceived improvement in | Not Applicable
appearance monetized perceptions of appearance of weatherized
appearance of dwellings
dwelling before
and after
weatherization
12. Reduced Non- Occupant Perceived reduction in Not applicable
noise inside monetized perceptions of noise within weatherized
dwelling noise level dwellings

within dwelling
before and after
weatherization

I11. Societal Impacts

A. Environmental Impacts
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1. Air emissions: | Monetized Units of energy Pounds of CO2 emitted Value of CO2 emission
CO2 saved in per unit of energy saved reduction in dollars per
weatherized pound
houses
2. Air emissions: | Monetized Units of energy Pounds of SOx emitted Value of SOx emission
SOx saved in per unit of energy saved reduction in dollars per
weatherized pound
houses




Table 2.3. Non-energy impacts and the household-level data and metrics required to calculate

their value
Household- Performance Metric (to
Level be multiplied by
Data (used as household-level data for Monetized Metric
basis for monetized impacts and (to be multiplied by
Impact Type of calculating the calculated from Performance Metric
Categories and Value value of household-level data for unless the two are
Specific Impacts | Calculated impacts) non-monetized impacts) identical)
3. Air emissions: | Monetized Units of energy Pounds of NOx emitted Value of NOx emission
NOx saved in per unit of energy saved reduction in dollars per
weatherized pound
houses
4. Air emissions: | Monetized Units of energy Pounds of CO emitted per | Value of CO emission
(0[0) saved in unit of energy saved reduction in dollars per
weatherized pound
houses
5. Air emissions: | Monetized Units of energy Pounds of CH4 emitted Value of CH4 emission
CH4 saved in per unit of energy saved reduction in dollars per
weatherized pound
houses
6. Air emissions: | Monetized Units of energy Pounds of PM emitted per | Value of PM emission
PM saved in unit of energy saved reduction in dollars per
weatherized pound
houses
7. Air emissions: | Monetized Units of energy Pounds of heavy metals Value of heavy metal
heavy metals saved in emitted per unit of energy | emission reduction in
weatherized saved dollars per pound
houses
8. Fish Monetized Units of Number of fish impinged | Dollar value per impinged
impingement electricity saved | at power plants per unit of | fish
in weatherized electricity saved
houses
9. Wastewater Monetized Units of Amount of wastewater Cost per gallon of treating
and sewage in electricity saved | and sewage (in gallons) wastewater and sewage
electricity in weatherized produced per unit of
production houses electricity saved
B. Social Impacts
1.Jobs for Monetized Dollars spent to Average number of Average cost of
unemployed weatherize client | unemployed workers unemployment benefits
workers homes given jobs per dollar spent | paid per unemployed
on weatherization worker

C. Economic Impacts

1. Direct and Monetized Dollars spent to Average number of direct | Taxes paid (local, state,

indirect weatherize client | and indirect jobs created and federal) and dollars

employment homes per dollar spent on spent locally, per job
weatherization created

2. Lost rental Monetized Number of rental | Average amount of unpaid | Same as Performance

households
weatherized

rent per weatherized rental
household before and after
weatherization
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Table 2.3. Non-energy impacts and the household-level data and metrics required to calculate

their value
Household- Performance Metric (to
Level be multiplied by
Data (used as household-level data for Monetized Metric
basis for monetized impacts and (to be multiplied by
Impact Type of calculating the calculated from Performance Metric
Categories and Value value of household-level data for unless the two are
Specific Impacts | Calculated impacts) non-monetized impacts) identical)
3. National Monetized Units of source Average proportion of “Premium” paid in higher
security energy saved in source energy used for prices and disturbance to
weatherized residential purposes that is | economy per unit of
houses normally imported imported energy

Care will be taken to avoid double-counting any non-energy impact and to make sure that
measured impacts are truly attributable to the Program (e.g., by use of control groups). In addition, the
non-energy impacts addressed in this evaluation will not include the impact of market transformation,
which can be thought of as additional energy savings that “spill over” from direct program effects. The
possible differences between non-energy impacts achieved in urban and in rural areas are also not
subjects of this evaluation.

2.3.1 Monetized Data Collection and Analysis

To calculate the monetary values of selected non-energy impacts, coefficients for the
performance metrics and monetized metrics will be acquired either from previous research on non-energy
impacts or from new primary and secondary data gathered for this evaluation The default values for the
performance and monetized metric coefficients will be those used in ORNL’s 2002 review of non-energy
impacts of the Weatherization Program (Schweitzer and Tonn 2002). The default values will be replaced
with new, updated values that reflect current conditions for the Program under the following

circumstances:

e coefficients from newer studies or computerized models are judged to be superior,
existing coefficients do not adequately represent program impacts nationwide or the net economic
value of the impact, or
e the impact was quantified with a new household level variable.

To the extent possible, coefficients that disaggregate non-energy impacts by geographic and/or
climate region should be used, and the coefficients used for this study, whether existing or newly

developed, will be of this type. It is likely (and acceptable) that region-specific coefficients (such as the
cost of water service) will be used for some non-energy impacts and not for others. In addition, the types
of housing units to which the available data apply (e.g., single-family dw