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This paper explores the intersection of poverty, housing, and health among low-income weatherization program
participants in the United States. These income-qualifying programs seek to reduce energy burden, which is the
proportion of a household’s annual income spent on residential energy. These programs produce secondary
benefits by reducing material deprivation, health inequalities, and energy poverty (which differs from energy
burden in that it considers whether households are compressing their energy needs to meet what they can
afford). This paper mines survey data from four evaluations of weatherization programs to provide new insights
into the characteristics of households and their homes entering weatherization programs. These data allow as
sessments of similarities and differences by housing type (single-family, mobile home, and multifamily) and
region that could then provide insights into health and social determinants of health non-energy impacts
accruable by different weatherization programs. These data also provide an opportunity to assess more specific
aspects of poverty and health. The results provide several important insights. One, contrary to expectations,
households residing in mobile homes do not appear to be facing more hardship than those who live in singlefamily homes. Also contrary to expectations, households living in multifamily buildings appear to be facing
less financial hardship and live in better housing conditions than their counterparts who live in single-family and
mobile homes. Two, it was found that there are significant differences between household status within each
program. Approximately 20–30% of households report significant material deprivation and poor health whereas
50–75% of households do not. Demographic analysis found that the former can be described as “near-elderly”
with less employment prospects and less access to health care. A majority of the latter report being retired and
therefore more likely to receive social security benefits and Medicare. Weatherization programs could move
beyond limiting eligibility criteria to income poverty to better target their programs to households that suffer
higher levels of financial hardship, material deprivation and health problems. The programs could also consider
collaborating with the health care and public health sector to identify and refer households in most need of their
services.

1. Introduction
This paper assesses poverty through the prism of several low-income
residential energy efficiency programs administered in the United States
(U.S.). Referred to herein as weatherization programs, these programs
all offer comprehensive home energy retrofits that commonly install air
sealing, insulation, and heating repair and replacement measures. Along
with the mission of reducing energy use for low-income-eligible
households the major motivation of these programs is to reduce the
suffering of energy burden.
Research shows that weatherization programs also yield a wide

range of secondary positive consequences, or non-energy impacts
(NEIs). For example, emissions of greenhouse gases and other air pol
lutants can be reduced by reducing energy consumption. Expenditures
by weatherization programs can also create employment opportunities
in the communities where weatherization is conducted. Research also
shows that weatherization can improve the health and safety of occu
pants and help reduce financial stress.
To help evaluate household related NEIs, households are surveyed
pre- and post-weatherization. The surveys typically include questions
about home conditions, health, and budget situations that are hypoth
esized to be impacted by weatherization. Examples of home conditions
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worse off households are headed by near-elderly and the best-off
households are generally headed by retired individuals. Section 5.6
explores whether differences in health and material deprivation can be
explained by differences in social determinants of health (SDOH). Sec
tion 5.7 clusters households by health issues and then explores con
gruities and incongruities between baseline budget and health
conditions. Section 6 discusses how these results are relevant to the
energy efficiency and broader social welfare communities.

include: how frequently homes are kept at unsafe temperatures and
whether homes are infested by pests. Many health questions are related
to asthma and other respiratory conditions, thermal stress, and arthritis.
Budget questions address how hard it is for households to afford their
energy bills and how often they may not buy food or prescriptions in
order to pay utility bills. These surveys are unique in that they contain
questions about energy poverty, housing, health, household finances
and quality of life that are not normally combined in social science
surveys [1].
This paper presents data mined from completed surveys from four
evaluations of weatherization programs and provides new insights into
the characteristics of households and their homes entering weatheriza
tion programs. These data also allow assessments of similarities and
differences by housing type (single-family, mobile home, and multifamily) and region (e.g., national versus Southeastern U.S.) that could
then provide insights into health and household NEIs attributable to
different weatherization programs. These results could be valuable to
federal, state, utility, and local weatherization programs.
These data also provide a unique perspective of poverty in the U.S.,
following Veelen et al. who state that “what a focus on energy makes
visible and thinkable that other entry points do not [2].” The survey
questions explore not only energy burden issues but also aspects of
poverty that fall under the rubric of material deprivation and hardship.
Does material deprivation differ amongst weatherization recipients
across housing types? Across regions? Possibly even more importantly,
do weatherization households differ significantly across multiple di
mensions of poverty within programs and if so, do these insights have
implications beyond the energy efficiency community? The results
presented below indicate that the answer to these questions is yes.
Section 2 lays the foundation for this paper by addressing three
topics: energy poverty, multiple dimensions of poverty, and poverty and
the near-elderly in the U.S. As noted above, most weatherization pro
grams aim to reduce energy burdens, but energy poverty is a much
larger concept and includes other dimensions; such as adequate access to
energy (Section 2.1). Poverty in general is typically defined by house
hold income. Certainly, this is the standard used by weatherization
programs to determine program eligibility. Unfortunately, while
weatherization can reduce energy burdens, it cannot directly lift
households out of poverty as defined by one’s socioeconomic status. On
the other hand, weatherization can positively impact other dimensions
of poverty, which are set out in Section 2.2.
Section 2.3 addresses the poverty of the near-elderly – defined as
individuals in the 55–64 age range. Our data suggest that near-elderly
households suffer from higher energy burdens, worse health, and
higher material deprivation than other weatherization recipients. In
sights on the poverty of this specific demographic has only been lightly
regarded in the literature but could have broad implications for social
policy in the U.S.
Section 3 focuses on weatherization and its potential impacts on
multiple dimensions of poverty. Section 3.1 presents a theory of change
model that underlies hypotheses about how weatherization can simul
taneously impact energy poverty and multidimensional poverty. Section
3.2 summarizes research that supports these hypotheses. Section 4 de
scribes data used for the analyses. Section 4.1 presents the four evalu
ations that yielded survey results used herein. Section 4.2 describes the
instrument used to survey weatherization recipients as part of each
evaluation.
The results are presented in Section 5. The first three sections present
demographic, and baseline health and material deprivation (i.e., home
conditions and financial constraints) statistics across the four evaluated
programs. These tables are designed to provide insights across pro
grams, housing types and regions. Section 5.4 presents the results of
cluster analyses used to assess within program differences in health and
material deprivation. These results show a wide disparity between the
‘best’ off households and the ‘worse’ off households with respect to
material deprivation. Results presented in Section 5.5 suggest that the

2. Literature review
2.1. Energy poverty
Access to affordable and reliable energy can be seen as a basic human
right [3]. Violating this human right is fundamentally a socio-political
injustice [4]. Similar to general poverty, energy poverty is normally
associated with household income. Different from general poverty, en
ergy poverty is measured by energy burden – which is a function of
energy consumption divided by household income, expressed as a per
centage. In the U.S., low-income households typically have an energy
burden three times greater than non-low-income households [5]. An
energy burden exceeding 10% is generally considered an indication of
energy poverty [6]. A recent study added two additional categories,
“energy stressed” (4–7%) and “energy burdened” (7–10%), to capture
the range of financial hardship relating to energy [7,8]. Others put
forward a 6% cut off for energy poverty based on the notion that housing
costs should not exceed 30% of income, with no more than 20% of
housing costs allocated for energy [8,9]; according to this logic, energy
poverty would not be influenced by cost of living factors other than
housing prices.
Notably, the U.K. government previously defined energy poverty as
having an energy burden exceeding 10% [1] but revised its definition
following a 2012 report investigating the causes and characteristics of
domestic fuel poverty [10]. The report concluded that energy burden
had both merits and flaws, including in the latter its sensitivity to energy
prices and issues with accurately calculating income; the author asserts,
“The trends it reports do not well reflect changes in the underlying
problems, and its definition can encompass households that clearly are
not poor.” The new definition does not mention energy burden and
instead specifies two metrics: 1) a household’s “required fuel costs” must
be above the national median, and 2) if the household spent this amount
on fuel, their remaining income would put them below the poverty line
[11]. Others in the U.K. and Europe more broadly have continued to
refine methods of measuring energy poverty and its effects without
relying solely on energy burden [12–16].
As indicated in part by this shift in policy, the simple definition of
energy poverty as energy burden obscures many other important aspects
of energy poverty [17]. A singular energy burden estimate may obscure
whether households are compressing their energy needs to meet what
they can afford, are able to satisfy their energy needs, or maybe even
wasting energy, though few low-income households fall into the latter
category [18]. This singular metric also hides how serious the conse
quences of energy poverty could be if households are not able to heat
their homes above unsafe temperatures [19]. For example, a study in
Spain found that 11% of homes could not heat their homes to adequate
temperatures [20]. Also hidden are the fear and stigma members of
energy vulnerable households may feel [21] and the relationships be
tween energy use and a minimum standard of living [22].
Energy poverty is a serious issue in the United States [23,24] and
internationally [25–29]. The U.S. Department of Energy estimates that
over 30 million households in the U.S. are substantially burdened by
energy costs [30]. The number of EU households estimated to suffer
energy poverty is 50 million [31].
Boardman [32] and others [33] argue that energy poverty should be
viewed as distinct from general poverty because energy poverty can be
solved through capital investments in homes and in the energy
2
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components:

infrastructure. Indeed, weatherization programs do invest in the
installation of energy efficiency and conservation measures that increase
the performance of homes, with the average lifetime of such measures
approaching 20 or more years. Additionally, these programs can be
straightforwardly given to utility companies and governmental energy
efficiency programs to implement. On the other hand, this view has
siloed energy poverty programs from other efforts to reduce poverty. It
can also be argued that this view has artificially constrained societal
investments in improving low-income housing that could reduce energy
burdens while also improving health and reducing material deprivation.
Making this case to the health care and public health sectors in the U.S. is
a major motivation driving recent NEI research [34,35].

• Income Poverty;
• Material Hardship (including indicators of food insecurity, housing
hardship, unmet medical needs, utility cutoffs, and financial inse
curity); and
• Adult Health Problems (which can drain family time and resources).
2.3. Poverty and the near-elderly
In the U.S., there are growing concerns about the fraying of the social
safety net and about people in poverty falling through the administrative
cracks of the U.S. social programs. A recent review found that over 25%
of Americans deemed to be suffering income poverty receive no help
from food stamps, subsidized housing, welfare or other case benefits
[48]. As presented in Table 1 below, the main respondents to our surveys
of weatherization recipient households are in their late 50s, which
suggests that we should pay particular attention to the health and
hardships faced by the elderly. Indeed, we find that there are growing
concerns about the lack of financial security of elderly households
[49–51]. U.S. poverty rates for 2019 stratified by ten-year age brackets
show a downward trend from ages 18–54, but then a slight spike for
those age 55–64 before declining again in the group aged 65–74 [52].
This concern extends to the up-keep of homes. There are many rea
sons why homeowners do not, or are unable to, invest in their homes
[53]. It is worrisome that elderly homeowners that live in old, inefficient
dwellings can easily fall into fuel poverty because they lack the financial
capability to maintain their properties [54]. Table 3 below supports
these observations by indicating that the baseline conditions of singlefamily (SF) and mobile homes (MH) (the majority of which are owner
occupied) of weatherization recipients are worse than conditions found
in renter occupied multifamily (MF) buildings (i.e., buildings with 5 or
more units).
Results presented in Section 5.5 do indicate that the demographic
most likely to live in poorer housing conditions and experience other
aspects of material deprivation is the near-elderly. These individuals are

2.2. Multiple dimensions of poverty
Similar to energy poverty, general poverty is conventionally defined
in terms of income. Income thresholds are set such that households
falling below the thresholds are deemed to lack enough income to
support an acceptable quality of life. Such thresholds are used by most
poverty programs in the U.S. to determine eligibility for social programs,
including weatherization programs. While thresholds are administra
tively manageable to implement, their development and use is not
without complexity and controversy. For example, should the thresholds
be set to express absolute or relative poverty, and should thresholds
reflect other underlying features of poverty [36]? Additionally, strict
income-threshold definitions of poverty also hide the non-income
components of poverty [37].
Amartya Sen defines poverty as the deprivation of a person’s capa
bilities to live the life they have reason to value [38]. This powerful
definition expresses the various aspects of poverty experienced by the
poor in the Global South, encompassing lack of clean water and sani
tation, threats from a wide-ranging set of deadly diseases, and lack of
basic freedoms. Poverty in the Global North may not share all of the
same features, but it is multidimensional nevertheless [39].
A multidimensional understanding of poverty needs to move beyond
monetary indicators to encompass non-monetary indicators [40]. For
example, Glassman presents a seven-scale multidimensional poverty
index that has these components: health, education, standard of living,
consumption, economic security, housing quality, and neighborhood
quality [41]. Schenck-Fontaine and Panico propose these three di
mensions of economic hardship: income poverty, material deprivation
and subjective financial stress [42].
Drawing from our survey questions, our case studies, and our
listening sessions with weatherization recipients across the U.S., the
concepts of hardship and material deprivation come closest to capturing
what we see in the data and have experienced in the real world.
Townsend used the term deprivation to describe the broader notion of
‘inability of living a decent life’ [43]. Material deprivation or hardships
have been variously defined as having these components:

Table 1
Survey questions and NEI indicators.
Topics and indicators
Health

▪ Asthma Rates – Told have asthma by doctor and still have asthma
▪ Asthma – ED visit in past year (yes)
▪ Home kept at unhealthy temperature some or all of the time (yes)
▪ More severe headaches in past year (yes)
▪ Someone in household had the flu during the past year (yes)
▪ Someone in household had a sinus infection past year (yes)
▪ Respondent number of days previous month physical health not good
▪ Respondent number of days previous month mental health not good
▪ Respondent bad days rest/sleep last month
Home conditions
▪ How often home too drafty past year? (all to some of the time)
▪ How much outdoor noise intrudes into home? (a great deal to some)
▪ How infested is home with cockroaches, other insects, and spiders?
(extremely to somewhat)
▪ How infested is home with mice? (extremely to somewhat)
▪ Home has frequent mildew odor or musty smell? (yes)
▪ How often have observed standing water in home? (always to sometimes)
▪ Have seen mold in home past year? (yes)
Budget issues
▪ It is hard or very hard to pay energy bills (yes)
▪ Received a disconnect notice past year (yes)
▪ Did not buy food to pay energy bills past year (yes)
▪ Did not pay energy bills to buy food past year (yes)
▪ Received food assistance (e.g., WIC) past year (yes)
▪ Did not pay energy bill to fill prescriptions past year (yes)
▪ Did not fill prescriptions to pay energy bills past year (yes)
▪ Could not afford prescriptions past year (yes)
▪ Used one or more short-term, high-interest loans to pay utility bills past year
(yes)

• bill-paying hardship, food hardship, health care hardship [44];
• food insecurity, inadequate housing, unmet medical needs, utility
cutoffs, and financial insecurity [45];
• not having access to a car, not being able to pay utility bills, and not
being able to pay rent in the past year [46]; and
• income deprivation; employment deprivation; health deprivation
and disability; education, skills and training deprivation; barriers to
housing and services; crime; and living environment deprivation
domain [47].
Each of these frameworks has something to offer with respect to
understanding the potential impacts of weatherization on material
deprivation. The multidimensional approach to poverty that comes
closest to our theory of change with respect to weatherization presented
in Section 3.1 was developed in New York City to study Wellbeing and is
called the “Poverty Tracker” [45]. This model has these three major
3
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in the 55–64 age range and are too young to retire and qualify for Social
Security.
Challenges faced by the near-elderly started to appear in literature
around the year 2000. Specifically, the papers focused on the lack of
affordable health insurance held by this cohort [55], which then led to
higher rates of diseases such as diabetes, hypertension, and heart disease
[56]. Proposals were made to extend Medicare coverage to the nearelderly to reduce health inequities [57–59] and have recently resur
faced [60]. These proposals were not adopted in the U.S. and the plight
of the near-elderly seems to have disappeared from the ensuing litera
ture. One of the contributions of this piece is to re-animate concerns for
this cohort of the U.S. population.

On the other hand, some measures can unilaterally impact health.
For example, installation of carbon monoxide (CO) monitors can reduce
CO poisoning. Replacing an energy inefficient refrigerator that also is
unable to keep food safely cool can reduce household costs from food
spoilage and potentially reduce food poisoning. Lowering the tempera
ture on water heaters to save energy can also potentially reduce
scalding.
3.2.1. Weatherization’s impacts on energy poverty
Evaluations of weatherization programs find that energy consump
tion and energy cost burdens of low-income households are significantly
reduced by the programs [70]. For example, a comprehensive and
rigorous evaluation of the energy savings attributable to WAP found that
weatherization reduced natural gas consumption in SF homes that heat
with natural gas by 17.8% and the annual energy cost savings for these
homes was $239 [71]. Using the present value of the energy costs sav
ings taken over 19 years, the ratio of energy cost savings to the costs of
the installed measures was 1.72. These results are reflective of the re
sults of other evaluations of the energy savings and energy cost savings
attributable to weatherization programs in the U.S. It should be noted
that energy cost savings provided by weatherization may not always
alleviate energy poverty [72,73].

3. Weatherization
3.1. Overview of weatherization in the U.S.
The prototypical weatherization program in the U.S., and also its
largest, is the Weatherization Assistance Program (WAP) administered
by the U.S. Department of Energy (DOE). This program provides grants
to states, which then provide grants to local weatherization agencies to
conduct weatherization services. Homes going through the program
receive energy audits first, and then based on the audit results, energysaving measures tailored to the home are installed. Common measures
include air sealing, insulation, furnace repair and replacement, and duct
sealing, though WAP and other programs also allow funds to be spent on
health and safety measures. All homes are inspected postweatherization. WAP funds the weatherization of SF and MH as well
as MF buildings; in total, the program was the sole or primary funder for
weatherizing over 37,000 homes in 2018, though over 30 million homes
in the U.S. are eligible for weatherization services annually [61,62]. To
demonstrate the WAP’s potential to weatherize more homes, increased
funding from the American Recovery and Reinvestment Act (ARRA)
supported the weatherization of over 330,000 homes per year in 2011.
Many utilities offer low-income programs as part of their regulatory
social contract [63]. Other funding comes from states, systems benefit
charge programs, and re-programmed federal funds from the LowIncome Home Energy Assistance Program (LIHEAP). Combined, these
sources provide leveraged funding of $3.48 to every dollar invested by
DOE WAP – in addition to spending on programs not administered by
WAP (e.g. in-house, utility-run energy efficiency programs) [61] – and
fund the weatherization of approximately one million units per year, far
below demand. Wait lists are long and detrimental [64].

3.2.2. Weatherization’s impacts on health
Weatherization can also be seen as a nexus point between housing,
health, and energy consumption. Poor indoor air quality and extreme
outdoor air temperature can cause or exacerbate health problems for
economically disadvantaged individuals and families living in sub
standard housing in America [74–76] and elsewhere in the world
[46,54,77–81]. From an energy efficiency perspective, many vulnerable
people are essentially living in tents [77]. It is not surprising that this has
adverse health effects.
Research shows that weatherization has significant health benefits
[25,65,66,69,82–85] and improves overall quality of life [86]. For
example, improvements in dwelling quality (e.g. air sealing measures)
reduce exposure to evidence-based asthma triggers (e.g., pests and
outdoor allergens) thereby reducing asthma flare-ups.1 Weatherization
directly reduces risks of thermal stress on occupants (e.g., air sealing and
insulation decrease drafts and unsafe temperatures inside the home, and
improve the resilience of homes during power outages and extreme
weather events), and also reduce health risks associated with home fires
and CO poisoning (i.e., through the installation of CO monitors and
ensuring that combustion appliances vent properly) [87–90].
Current research in the MF sector suggests that the benefits may also
extend to decreasing symptoms of certain types of arthritis [91].
Weatherization also improves indoor environmental quality
[92–95]. For example, reduced intrusion of outdoor noise from air
sealing and insulation can improve mental health and quality of sleep
[65,96]. In summary, there are complex and indirect relationships
linking energy efficiency measures to outcomes on all dimensions of
health which contribute to significant material and psychosocial bene
fits [97].

3.2. Theory of change
It is hypothesized that important co-benefits of low-income weath
erization are reductions in energy burden and material hardships and
improvements of the health of occupants. Fig. 1 is illustrative of the
relationships between weatherization and these components of poverty.
To begin, weatherization directly improves the physical condition of the
home resulting in two major impacts: impacts upon resident health and
safety; and impacts on energy cost savings that reduce energy burdens,
as well as material hardships in other areas. Improvements in household
members’ health and financial situations result in positive feedback
responses to each other.
In many cases, comprehensive weatherization of homes is required
to produce the most impactful health benefits. For example, air sealing,
insulation, and cleaning of furnace and dryer filters are among many
weatherization measures that can reduce the frequency of asthma flareups. It can also be argued that comprehensive weatherization of homes
is also needed to reduce heat and cold stress, flus and colds, and head
aches. It should be noted that most of the aforementioned health benefits
accrue from the installation of standard weatherization measures to save
energy, and not from the additional installation of health and safety
measures.

3.2.3. Weatherization’s impacts on material deprivation
NEI research finds that a household’s financial well-being can
improve post-weatherization through reduced energy and water costs,
and reduced frequency of utility disconnect and reconnect fees, for
example. Improved health of those employed and of children can also
result in reduced missed days of work and school, directly and positively
impacting household budgets.

1
It should be noted that asthma rates are higher than the national averages
amongst low-income individuals [66]. Additionally, thermal stress is another
example of a national health inequity [67] and is expected to worsen over time
due to climate change [68].
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Fig. 1. Weatherization’s impact upon poverty: theory of change.

Households are less likely to trade-off buying food to pay utility bills,
thereby reducing food insecurity [98]. Households are also more able to
afford prescriptions. Improved health of all household members leads to
reduced missed days of work for primary wage earners. This translates to
a direct increase in income for many because three-fourths of lowincome workers do not have paid sick days [99]. Occasionally house
holds also take out fewer short-term predatory loans after weatheriza
tion [96]. The monetary value of the benefits to households and society
may exceed the energy cost savings benefits and program costs [96].
The nature and extent of NEIs are dependent not only upon the type
and number of weatherization measures installed but also upon the
characteristics of the recipients and their homes. For example, the
thermal comfort benefits of weatherization, which then might reduce
thermal-stress related health-care system encounters, might be higher
for programs that serve an older demographic or children [78].
Conversely, weatherization might benefit asthma suffers more who live
in SF homes that receive air sealing measures than large MF buildings
that often do not.

4. Overview of data sets
4.1. Weatherization programs
Four different data sets are used in this study. Here are brief
descriptions.
4.1.1. U.S. Department of Energy’s (DOE) weatherization assistance
program (WAP)
WAP is a U.S. federal program administered by the U.S. Department
of Energy. As noted above, WAP provides grants to states and territories,
who then provide grants to local weatherization agencies to deliver free
weatherization services to income-eligible households. WAP operates in
all areas of the country. WAP weatherizes SF, MH, and MF buildings.
WAP was recently evaluated [68,103,106]. As part of these evalua
tions, a national survey of WAP recipients was conducted. The phone
survey was administered in 2011/2012 to a randomly selected set of
treatment (about to be weatherized) and comparison (weatherized oneyear previously) households living in SF and MH, drawn from a random
sample of local weatherization agencies from around the country. 90%
of the homes are owner occupied. Only the 665 treatment homes that
answered the first, pre-weatherization survey are used in the analyses
below. The survey contained questions about home conditions, health,
household budgets, and demographics.

3.2.4. Other NEIs
Assessments of the NEIs of weatherization programs are also regu
larly conducted [100,101]. Well known NEIs of low-income weatheri
zation programs include: reductions in greenhouse gas emissions and
emissions of other pollutants; local employment; water savings; and
utility benefits such as reduced arrearages and avoided generation costs
[102–104]. Promoting energy efficiency also goes hand-in-hand with
helping utilities meet their renewable energy goals cost effectively by
reducing overall and peak loads, which can be challenging to meet at
their current levels with renewable energy technologies [105].

4.1.2. Knoxville extreme energy Makeover project (KEEM)
The Knoxville Extreme Energy Makeover Project (KEEM) weather
ized owner occupied, SF, electricity heated homes in Knoxville, Ten
nessee from 2016 to 2018. Funding for KEEM was provided by the
Tennessee Valley Authority (TVA). The homes were weatherized by the
5
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local community action agency, City of Knoxville-Knox County Com
munity Action Committee (CAC). During the early stages of the project,
homes were heavily recruited from historically under-represented mi
nority communities in Knoxville.
The Robert Wood Johnson Foundation provided a grant to assess the
health and SDOH benefits of KEEM. A phone survey was administered to
all homes that KEEM weatherized between 2016 and 2017. Contact
information was provided by CAC. Surveys were administered after
homes received energy audits but before homes were weatherized and
then again one year later. The Center for Applied Research and Evalu
ation (CARE), University of Tennessee, Knoxville, administered the
phone survey. The control group sample was drawn from CAC’s Knox
ville waiting list for their KEEM, WAP, and local-utility funded pro
grams. A random sample of KEEM homes weatherized one year
previously was also surveyed to create a comparison group. Households
were provided a $20 incentive for each completed survey. For the
research reported below, the pre-weatherization treatment and control
group samples were combined and yielded an n = 251.

surveys just after homes received their energy audits but prior to
weatherization and again one year later. All HU homes that received
energy audits between 2018 and 2019 were contacted by CARE. The
control sample was drawn from waiting lists, mailing lists, and lists of
income-eligible homes that received housing and energy assistance.
Households were provided a $30 incentive to complete each survey. The
survey data reported below were collected pre-weatherization in 2019/
2020 from 997 treatment and control homes.
4.2. Household survey questions and NEI Indicators
Table 1 lists the health and material deprivation-related (i.e., home
conditions, household budget issues) questions that were included in the
household surveys conducted as part of each of the four evaluations
described above. The majority of these questions were drawn from other
existing surveys, such as the Behavioral Risk Factor Surveillance System
(BRFSS) and the Residential Energy Consumption Survey (RECS). The
surveys were pre-tested prior to implementation as part of each evalu
ation. These questions were complemented by demographic questions,
which are presented in Table 2.

4.1.3. Low-Income multifamily buildings (LIMF)
The JPB Foundation and the Energy Efficiency Program Adminis
trators in the Commonwealth of Massachusetts provided funds to esti
mate the health and resilience benefits attributable to weatherizing lowincome MF buildings (LIMF) located in the Northeast and Midwestern
regions of the United States. MF buildings in our sample had 5 or more
units. We worked with state and local weatherization programs, utilities
that offer MF weatherization, non-profit low-income and affordable
housing advocates, and non-profit and commercial owners of affordable
MF buildings to construct a convenience sample of treatment, control,
and comparison buildings.
Treatment, control, and comparison group households were first
surveyed between 2018 and 2019. Based on recommendations provided
by property managers and owners, paper surveys were translated into
Spanish, Mandarin and Russian. The project team asked property man
agers and property owners for permission to enter buildings to hang
survey packets on residents’ doorknobs and in the appropriate language
if known. Each clear bag contained a cover letter, a paper survey, and a
pre-paid return envelope. Survey packets were hung on every door in a
visited building, except for the largest MF buildings, were surveys were
hung on every other or every third door, though in some buildings
project staff personally handed the surveys to primary respondents and
were able to wait in the building until the surveys were completed. Over
7700 surveys were distributed. Potential participants were also given
the option of completing the survey over the phone or via the web,
though most chose to fill out the paper survey.
Respondents mailed completed paper surveys to CARE for process
ing; CARE also administered the phone and web versions. Households
were provided a $25 to complete each Phase 1 survey – $45 for Phase 2
to increase response rate. Data provided by the LIMF sample presented
in this paper is from the treatment and control groups preweatherization (N = 1,268) that were surveyed 2018/2019.

5. Results
5.1. Demographics across regions and building types
Table 2 presents baseline demographic descriptors for households in
the low-income weatherization space. Overall, the main respondents are
female and in their upper 50′ s. The results also illustrate the de
mographic differences by home type and location. As could be expected,
household sizes in the MF sector are much smaller than in the SF sector,
almost one person less than found nationally. The small size of the
Knoxville households was unexpected. The small households in the MF
sector are also reflected in the much lower percentage of married re
spondents. A second notable demographic difference is race. Black
households are more represented in the KEEM, LIMF and HU samples
than WAP because the former three are quite focused on urban pop
ulations. WAP serves both urban and rural areas, and the WAP evalua
tion survey sample does not include MF buildings. The last notable
demographic difference is related to work status. Though the average
respondent ages are relatively similar across the four samples, a much
higher percentage of LIMF respondents report being retired and/or not
employed; this may be in part because 28% of the sample was supportive
housing and 33% senior housing.
5.2. Baseline health conditions across regions and housing types
The next table (Table 3) provides several descriptive statistics on the
Table 2
Demographics – all sample groups combined.

4.1.4. Home Uplift (HU) initiative
The Home Uplift (HU) Initiative is a low-income weatherization
program funded by TVA and local power companies in its jurisdiction. It
is the successor to TVA’s Extreme Energy Makeover initiative. The five
major cities in TVA’s region are participating in HU: Knoxville, Nash
ville, Chattanooga, and Memphis, Tennessee, and Huntsville, Alabama.
There are also a small number of rural communities in Mississippi and
Kentucky represented in our sample of homes. HU’s eligibility re
quirements and weatherization procedures are directly taken from WAP.
HU weatherizes SF homes and a small number of MH. Most are owneroccupied. The small number of homes from Huntsville are owned by its
public housing program.
TVA provided funds to estimate the health and SDOH benefits
attributable to HU. Similar to KEEM, CARE administered the phone
6

Demographic characteristic

WAP
(n =
665)

KEEM
(n =
251)

LIMF
(n =
1297)

HU
(n =
997)

Respondent Gender: Female (%)
Respondent Age
Average Household Size
Black or African American (%)
Respondent Employed (%)
Respondent Retired (%)
Respondent Married (%)
Respondent Education: GED or
less (%)

73%
57
2.38
18%
34%
31%
32%
60%

78%
55
2.11
28%
35%
24%
26%
52%

64%
58
1.53
42%
25%
43%
10%
58%

82%
61
1.97
77%
25%
42%
15%
52%
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ing conditions, presented in Table 4, is that overall, the MF buildings
appear to be in better shape than the SF homes. The former are less
drafty and less plagued by standing water and mildew, though more
infested with rodents and about on par with SF homes regarding insect
infestation. These findings stand in contrast to expectations that lowincome, affordable MF buildings would be in worse shape across the
board. There are two perspectives to assess these findings. First, in most
states, particularly those in the Northeast and Midwest, the MF sector is
regulated. Buildings regularly receive inspections and processes are
available in some communities to tenants to complain about conditions.
In most instances, weatherization of MF buildings will not proceed until
they pass inspection.
Second, as noted above, the treatment sample property owners selfselected to have their buildings weatherized; within the treatment
group, 20% of properties were owned by non-profits and 52% were
public or government-run, which may indicate that the apartments are
more likely to be subsidized and the tenants are more likely to receive
additional support services and subsidies. These differences may set
them apart from market-rate and other privately-owned MF buildings,
which made up 28% of the treatment group. Also, the LIMF study relied
on a convenience sample, and in many cases, control group buildings
were recruited from owners who also had treatment buildings in the
study but hadn’t managed to weatherize all of their properties yet.
Owners of buildings in the control group allowed their residents to be
surveyed about their health, which may indicate they are more confi
dent the surveys will not reveal serious issues – or they are more con
cerned about their residents than the owners who were unwilling to
participate in this research. The control buildings were 38% non-profit
and 10% publicly owned.
On the other hand, SF homes are rarely inspected and can easily
degrade in condition if owners lack resources for home maintenance.3 SF
homes, nationally and in Knoxville, showed signs of distress and need for
maintenance based on occupant survey data. A 71% majority were rated
somewhat or very drafty, and residents reported high rates of home
infestation, mildew, and standing water. Differing rates of mold and
mildew between the SF and MF results may be partly explained by the
cooler climates represented in the MF study. KEEM and HU in particular
targeted homes with the highest potential for energy savings, another
indication that these homes were in exceptionally poor condition at the
start of the program; KEEM set a goal of achieving 25% energy savings
on average across all homes. There does not appear to be any major
differences between the WAP SF and MH with respect to housing con
ditions, which was unexpected.
Table 5 presents baseline results for nine household financial health
variables. For example, respondents were asked about how hard it is to
pay energy bills and about trading off buying food to pay energy bills. A
very high percentage of households reported it being hard to pay energy
bills pre-weatherization. The results also suggest that households place a
higher priority on paying their energy bills than buying food or
prescriptions.
Another unexpected result is that the MF households appear in better
financial health than the SF households. They do not find it as hard to
pay utility bills and are less likely to trade off paying for food or pre
scriptions or use short-term high interest loans to help pay utility bills.
They less frequently received disconnect notices. In contrast, over half of
the KEEM households reported receiving utility disconnection notices
the previous year and the highest rate of not being able to afford pre
scriptions. The same forces from the previous section that drove a
distinction in the well-being of SF versus MF occupants are likely at play
here, and perhaps amplified due to laws regarding rent control and
subsidized housing prices. Again, there are no substantive differences
between the two WAP samples.

Table 3
Baseline health issues.
Health indicators

WAP
SF +
MH

WAP
SF

WAP
MH

KEEM

LIMF

HU

Home at unhealthy
temperature (yes)
Asthma rates
Asthma – ED visit (% yes)*
Severe headaches (% yes)
Flus (% yes)
Sinus infections (% yes)
Number of days previous
month physical health not
good
Number of days previous
month mental health not
good
Number of days rest/sleep
last month

18%

19%

16%

23%

38%

21%

14%
13%
20%
22%
37%
10.3

12%
16%
19%
23%
36%
10.2

18%
7%
23%
19%
34%
10.3

15%
23%
33%
22%
54%
10.9

19%
20%
22%
N/A
N/A
NA

15%
12%
30%
N/A
N/A
9.4

7.1

7.0

7.4

8.9

5.6

6.0

11.2

11.6

9.5

14.2

7.3

13.2

*Amongst respondents who reported still having asthma.

health of respondents pre-weatherization. The WAP results have been
broken out into SF and MH to allow the exploration of differences be
tween these home types.2
The results exhibit a potentially complicated story about health. The
first observation is that all of the samples exhibit health issues. For
example, all of the asthma rates are above the national average, which is
about 8%. Though the LIMF sample exhibits the highest rate of homes
being kept at unhealthy temperatures, the results presented in Table 3
suggest that Knoxville low-income residents in particular, with much
higher rates of asthma-related emergency department (ED) visits, high
rates of respiratory issues in general, and worse mental health and sleep,
suffer more health issues. The major difference between the WAP SF and
MH samples is that the latter have lower rates of asthma and fewer
asthma-related ED visits.
5.3. Baseline material deprivation across regions and housing types
Questions were posed about home conditions, such as related to
draftiness and infestations. The unexpected result about baseline hous
Table 4
Baseline housing conditions.
Physical condition of home

WAP
SF +
MH

WAP
SF

WAP
MH

KEEM

LIMF

HU

How often home too drafty?
(all to some of the time)
Outdoor noise? (a great
deal to some)
How infested is home with
cockroaches, other
insects, and spiders?
(extremely to somewhat)
How infested is home with
mice? (extremely to
somewhat)
Frequent mildew odor or
musty smell? (%yes)
How often have observed
standing water in home?
(always to sometimes)
Have seen mold in home?
(%yes)

71%

71%

70%

83%

49%

72%

69%

68%

72%

73%

63%

71%

25%

25%

26%

35%

20%

19%

10%

10%

13%

28%

18%

11%

30%

31%

27%

41%

NA

N/A

20%

22%

14%

NA

9%

N/A

28%

28%

28%

39%

20%

29%

2

3
Or, for instance, elderly households may be unable to physically perform
necessary home repairs.

22% of the WAP respondents lived in mobile homes.
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six clusters were specified. Our original expectations were that clusters
would probably have the same average number of budget issues but
illustrate different patterns of budget issues. This expectation was not
supported by initial results, which showed that the most influential
discriminator between clusters was the number of budget issues faced by
households. In response, we re-ran analyses, reducing the number of
clusters to eliminate clusters with very few households and to find
clusters that emphasize those that suffer comparatively few budget is
sues versus a comparatively large number of issues. This process resulted
in between two to three clusters per data set. The results presented in
Table 6 are reported for the clusters with the fewest budget issues and
the most budget issues.
The results suggest that there are large and statistically significant
differences in the number of budget issues being faced by the ‘best-case’
and ‘worse-case’ clusters. The former face 1.5 or less budget issues
whereas the latter face around 6 issues. Between 21 and 30% of
households in the sample fall into the higher hardship cluster whereas
52–78% of the households fall into the lower hardship cluster, with the
KEEM sample being an outlier with only 36% in the latter cluster. This
result is consistent with the finding above that the KEEM households
tended to suffer greater financial hardships overall. There were slight
differences in home ownership between the WAP best and worst cases,
with 8% of renters in the best-case and 16% in the worst case, whereas
the KEEM program only admitted owner-occupied homes; typically it is
expected that renters would face greater deprivation, but in the case of
KEEM, the program’s intensive targeting to those most in need seems to
outweigh the lack of renter-occupied homes.
The results in Table 6 support observations made above about the
LIMF sample. Over three-fourths of the LIMF households fell into the
best-case cluster, which is another indication that the respondents living
in the MF buildings in our sample are facing less financial hardship, as
measured by our survey, than their SF and MH counterparts. There were
no statistically significant differences in building ownership (private/
non-profit/public) between the worse- and best-case clusters for the MF
buildings, X2 (2, n = 278) = 1.579, p = .454; none of the units were
reported to be owner-occupied. However, the type of housing differed
between the groups, X2 (3, n = 367) = 20.123, p = .0002. The LIMF bestcase cluster included supportive housing (3%) and double the portion of
senior housing (47% vs. 23%); by contrast, the worst-case cluster was
more likely to be mixed use (20% vs. 8%) or family housing (57% vs.
43%), and none of the buildings were supportive housing.

Table 5
Baseline household financial health.
Survey item/group

WAP
SF +
MH

WAP
SF

WAP
MH

KEEM

LIMF

HU

It is hard or very hard to pay
energy bills (% yes)
Received a disconnect notice
past year (% yes)
Did not buy food to pay
energy bills (% yes)
Did not pay energy bills to
buy food (% yes)
Received food assistance (e.
g., WIC) (% yes)
Did not pay energy bill to fill
prescriptions (% yes)
Did not fill prescriptions to
pay energy bills (% yes)
Could not afford
prescriptions (% yes)
Used one or more short-term,
high-interest loans to pay
utility bills (% yes)

75%

75%

75%

70%

66%

39%

39%

39%

56%

33%

34%

28%

41%

27%

28%

26%

21%

56%

55%

61%

51%

38%
*
26%
*
19%
*
19%
*
60%

12%

12%

11%

14%

6%*

12%

28%

30%

19%

33%

8%*

24%

33%

34%

29%

43%

15%

29%

19%

17%

25%

24%

9%*

21%

44%
32%
16%
43%

*Only includes households whose utility costs are not embedded in their rent.

The results thus far indicate that households eligible for low-income
weatherization differ by home type with respect to basic demographics
and baseline housing, health and budget conditions. The Knoxville,
Southeastern urban sample of SF homes exhibit worse health, home, and
financial baseline conditions. Contrary to a priori assumptions, the res
idents of MF buildings in the Northeast and Midwest are relatively
healthier and in better financial shape and their buildings are in better
condition. There are no substantive differences to be seen between the
WAP SF and MH samples across these three themes.
5.4. Variation in material deprivation within regions and housing types
The question explored next is whether there are important differ
ences within each of the regions as was observed between regions. To
explore this question, a cluster analysis was conducted using the ninehousehold budget-related questions listed in Table 5. This approach
allows us to better understand whether there are differences in economic
baselines amongst different groups of households and then if so, whether
these differences could be explained by other demographic variables.
Clustering by household budget issues provides an excellent opportunity
to better understand the spectrum of household budget issues beyond
the homogeneous baseline income eligibility for weatherization pro
grams. For completeness, the cluster analyses are re-done using healthrelated variables.
K-means cluster analysis in SPSS was used for this analysis. Initially,

5.5. Plight of the near-elderly
Table 7 presents baseline home and health conditions for clusters
with the highest financial hardship. There is a very strong underlying
pattern. In addition to being more burdened economically, the worsecase clusters have much worse baseline home and health conditions.

Table 6
Indicators of financial burden – cluster analysis results.
Survey item/group

WAP Worse
Case

WAP Best
Case

KEEM Worse
Case

KEEM Best
Case

LIMF Worse
Case

LIMF Best
Case

HU Worse
Case

HU Best
Case

Cluster variables
It is hard or very hard to pay energy bills (% yes)
Received a disconnect notice past year (% yes)
Did not buy food to pay energy bills (% yes)
Did not pay energy bills to buy food (% yes)
Received food assistance (e.g., WIC) (% yes)
Did not pay energy bill to fill prescriptions (% yes)
Did not fill prescriptions to pay energy bills (%
yes)
Could not afford prescriptions (% yes)
Used one or more short-term, high-interest loans
to pay utility bills (% yes)
Mean number of budget issues

163 (25%)
94%
63%
71%
57%
63%
98%
44%

333 (52%)
58%***
8%***
10%***
2%***
42%***
4%***
1%***

72 (30%)
89%
82%
82%
46%
53%
36%
96%

85 (36%)
40%***
5%***
13%***
6%***
29%***
1%***
11%***

92 (22%)
78%
65%
66%
84%
65%
27%
25%

332 (78%)
24%***
14%***
4%***
1%***
64%
0.3%***
2%***

201 (21%)
90%
71%
72%
39%
46%
48%
97%

613 (66%)
53%***
28%***
7%***
1%***
42%
2%***
4%***

91%
39%

8%***
4%***

93%
33%

21%***
5%***

37%
35%

10%***
3%***

87%
47%

10%***
8%***

1.4***

6.1

1.3***

4.8

1.2***

6.0

1.5***

Pearson’s Chi Square or ANOVA

***

p < .001

**

6.2

p < .01 *p < .05 p < .10
+

8

B. Tonn et al.

Energy Research & Social Science 73 (2021) 101945

Table 7
Baseline home and health conditions – cluster analysis results.
Survey item/cluster

WAP Worse
Case

WAP Best
Case

KEEM Worse
Case

KEEM Best
Case

LIMF Worse
Case

LIMF Best
Case

HU Worse
Case

HU Best
Case

Home and health conditions
Unsafe temperature (% yes)
Home too drafty (% yes)
Pest infestation (% yes)
Outdoor noise (% yes)
Days not enough sleep/rest last
month
Worse headaches (% yes)
Days bad mental health last
month
Days bad physical health last
month

163 (25%)
33%
78%
31%
79%
16.6

333 (52%)
11%
62%***
20%**
63%**
8.3***

72 (30%)
62%
89%
46%
75%
17.2

85 (36%)
37%**
74%**
29%*
65%
11.7**

92 (22%)
52%
71%
25%
72%
9.5

332 (78%)
36%**
58%**
16%+
61%+
7.1+

201 (21%)
30%
86%
15%
87%
15.9

613 (66%)
15%***
66%***
8%**
64%***
11.7**

39%
12.0

11%***
3.9***

44%
14.7

29%
6.0***

36%
7.0+

18%***
4.8

48%
9.2

22%***
4.1***

14.9

8.0***

16.5

8.8***

N/A

N/A

13.8

7.2***

Pearson’s Chi Square or ANOVA ***p < .001 **p < .01 *p < .05 +p < .10.

actually lower in the best-case clusters. The only statistically significant
difference in race is found in the KEEM sample and goes against a priori
expectations. Smaller households also were more abundant in the bestcase clusters. These results need to be qualified with the knowledge that
all households in all samples are in income-defined poverty levels.

For example, around 40% kept their homes at unsafe temperatures
compared to 8% to 22% of the best-case households identified as having
less hardship. The best-case homes, even pre-weatherization, were less
drafty, had fewer pest infestations, and less intrusion of outdoor noise as
well. These households also reported better health – e.g., better quality
sleep and rest and fewer severe headaches.
One contributing factor appears to be age of primary respondent
(Table 8). The primary respondents living in households facing the most
financial hardships are 3 to 10 years younger than their counterparts
living in the better off households, which places these households firmly
into the 55–64 near-elderly bracket. The worse-case cluster contained a
higher portion of primary wage earners that were unable to work – the
best-case had two to three times the number of retirees. It is assumed
that retired households depend, at least partially, on social security
payments and Medicare, which covers the costs of many prescriptions.
Equivalent benefits are not available to pre-retirement, near-elderly
households and in fact, the results show that more households in the
worse-case clusters reported being uninsured.
As mentioned previously, this cohort faces the challenges of access to
affordable health care and experience more financial hardships than
those in the older age brackets. These data highlight the specific health
inequities suffered by the near-elderly. One can argue that the house
holds with the most hardships are falling through the social support
systems in the United States.

5.7. Health cluster results
The results in the previous section indicate that individuals living in
households that fall into worse-case clusters, as defining by budget is
sues, also have worse health. This section clusters primary respondents
and their households by health issues. One goal is to explore whether
there are also well-defined differences between the worse-off and bestoff households based on health. Another goal is to explore the linkages
between the two sets of clusters: do households that have the best budget
situations also fall into clusters that have the best health situations?
Conversely, do households that are experiencing worse budget situa
tions also fall into clusters of households with worse health situations?
Table 10 presents the results of the health cluster analyses. Unlike the
budget questions, the surveys administered during the course of the four
evaluations did not contain the exact same set of health-related ques
tions. Thus, the cluster analyses reported below were conducted using
different sets of health variables. However, the overall pattern still holds
– there are readily identifiable best-case and worse-case clusters with
respect to health. Similarly, the analysis found that the number of
households falling into the former cluster is much larger than the latter.
For example, primary respondents in the worse-case health clusters
report many more days of poor physical and mental health and sleep/
rest than the best-off respondents. The worse-off households also re
ported higher rates of headaches, flus, and sinus infections. The worseoff group reported higher rates of six conditions too: asthma, COPD,
diabetes, high blood pressure, cholesterol, and arthritis. Still, reported
rates are not low in the best-case clusters. For example, over 50% of
respondents in the best-case cluster reported having high blood pressure
and 21% reported having diabetes.
The percentage of cases that fell into both the best-case cluster with
respect to budgets and with respect to health is lower than expected. For

5.6. Relationships to social determinants of health
Access to adequate housing and education, socioeconomic status,
systemic racism and sexism, are conditions in the environment (i.e.,
social determinants of health) that affect a wide range of health and
quality-of-life outcomes and risks. One could hypothesize that house
holds with less education, of minority status, of larger household size,
and / or those headed by a single female, would be more fully repre
sented in the worst-case clusters. The results of a cluster analysis that
included these demographic variables do not support these expectations
(Table 9). About the same percentage of female primary respondents
were in each cluster in each sample. Educational attainment was
Table 8
Age, employment status, and health care coverage – cluster analysis results.
Survey item/cluster

WAP Worse
Case

WAP Best
Case

KEEM Worse
Case

KEEM Best
Case

LIMF Worse
Case

LIMF Best
Case

HU Worse
Case

HU Best
Case

Cluster variables
Age
Retired (% yes)
Unable to work (% yes)
Have medical insurance (%
yes)

163 (25%)
52
16%
37%
76%

333 (52%)
62***
45%***
18%***
89%***

72 (30%)
56
17%
44%
93%

85 (36%)
58
39%**
20%**
95%

92 (22%)
49
24%
N/A
80%

332 (78%)
58***
38%**
N/A
89%*

201 (21%)
59
27%
35%
91%

613 (66%)
62**
49%***
20%***
93%

Pearson’s Chi Square or ANOVA ***p < .001 **p < .01 *p < .05 +p < .10.
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Table 9
Social determinants of health – cluster analysis results.
Survey item/cluster

WAP Worse
Case

WAP Best
Case

KEEM Worse
Case

KEEM Best
Case

LIMF Worse
Case

LIMF Best
Case

HU Worse
Case

HU Best
Case

Cluster variables
Female (% yes)
GED or less (% yes)
Black/African American (%
yes)
Household size

163 (25%)
72%
44%
18%

333 (52%)
74%
66%***
14%

72 (30%)
85%
45%
50%

85 (36%)
74%+
47%
67%

92 (22%)
79%
50%
61%

332 (78%)
74%
59%
49%**

201 (21%)
82%
44%
76%

613 (66%)
81%
55%**
79%

2.1

1.9

1.9

1.7+

2.2

1.9**

2.1***

2.7

Pearson’s Chi Square or ANOVA

***

p < .001

**

p < .01 *p < .05 p < .10.
+

Table 10
Health clusters.
Survey item/cluster

WAP Worse
Case

WAP Best
Case

KEEM Worse
Case

KEEM Best
Case

LIMF Worse
Case

LIMF Best
Case

HU Worse
Case

HU Best
Case

Health indicators
Days not enough sleep/rest last month
Days bad mental health last month
Bad days physical health last month
Worse headaches (%Yes)
Flus (%Yes)
Sinus infections (%Yes)
Have asthma? (%Yes)
Have diabetes? (%Yes)
Have COPD? (%Yes)
High blood pressure? (%Yes)
Have high cholesterol? (%Yes)
Have arthritis? (%Yes)
Clusters Alignment – Worse-worse; Bestbest % cases
Worse Health – Best Budget % cases
Best Health – Worse Budget % cases

267 (18%)
18.1
28.0
20.14
41%
23%
55%
30%^
–
–
–
–
–
8%

812 (56%)
1.8***
1.6***
3.5***
8.7%***
15%***
27%***
14%^***
–
–
–
–
–
33%

63 (29%)
22.6
21.0
28.0
54%
27%
68%
27%^
–
41%^
–
–
–
15%

107 (48%)
4.8***
1.6***
3.9***
20%***
18%
42%**
16%^
–
11%^***
–
–
–
21%

190 (24%)
20.0
18.4
–
43%
–
–
36%
28%
22%
58%
49%
57%
6%

618 (76%)
2.9***
1.7***
–
16%***
–
–
21%***
21%*
14%**
50%***
36%**
43%**
63%

69 (17%)
27.6
23.1
14.0
84%
–
–
30%
–
23%
–
–
–
6%

228 (57%)
8.1***
3.3***
3.4***
64%**
–
–
24%
–
13%*
–
–
–
63%

5%
NA

NA
8%

6%
NA

NA
11%

15%
NA

NA
16%

8%
NA

NA
13%

^Variable not used in cluster analysis. Pearson’s Chi Square or ANOVA.

***

p < .001 **p < .01 *p < .05 +p < .10.

example, with respect to the WAP evaluation, 52% of cases fell into the
best-case budget cluster and 56% of cases fell into the best-case health
cluster. However, only 33% of the cases in the entire sample fell into
both best-case clusters (see the row in Table 10 labeled cluster align
ment). The difference is even starker with respect to the HU results: 66%
of cases fell into the best-case budget cluster and 57% of cases fell into
the best-case health cluster but only 36% of cases fell into both of the
best-case clusters. The results are similar with respect to the worse-case
clusters. For example, 22% of LIMF cases fell into the worse-case budget
cluster and 24% fell into the worse-case health cluster. However, only
6% of cases fell into both worse-case clusters.
The last two rows in Table 10 indicate the percentage of cases that
fall into polar opposite clusters: worse health – best budget; and best
health – worse budget. These results suggest that it is more likely for a
household to have good health with a bad budget than vice-versa. This
observation suggests that it is much harder to overcome budget prob
lems when one is plagued by bad health.
Table 11 supports this observation and also the previous observation
about the plight of the near-elderly. Again, it is seen that the levels of
retirement are higher in the best-case health clusters than the worse-case
clusters. Also, primary wage earners are unable to work at a much higher

rate in the worse-case clusters than those in the best-case clusters. Being
unable to work, burdened with health issues and older but not of
retirement age once more suggests that some low-income near-elderly
households are falling through society’s safety net. Countervailing this
conclusion is the observation that medical insurance rates and access to
prescription medicines is not uniformly lower for those in the worse-case
health clusters.
6. Discussion
The results presented above indicate that prospective weatherization
recipients exhibit important differences in health and material depri
vation across weatherization programs, home types, and regions. Con
trary to expectations, households residing in MHs do not appear to be
facing more hardship than those who live in SF homes. Also contrary to
expectations, households living in MF buildings appear to be facing less
financial hardship and live in better housing conditions than their
counterparts who live in SF and MHs. The literature suggests that as
homeowners age they may find it more difficult to maintain their homes.
We also hypothesize that regulatory oversight of MF buildings may, in
part, explain their better condition, in addition to methodological

Table 11
Health clusters and selected demographic variables.
Survey item/cluster

WAP Worse

WAP Best

KEEM Worse

KEEM Best

LIMF Worse

LIMF Best

HU Worse

HU Best

Cluster variables
Age
Retired (%Yes)
Unable to Work (%Yes)
Medical Insurance (%Yes)
Health Plan Pay Some Cost of Prescriptions (%Yes)

267 (18%)
54
20%
41%
83%
89%

812 (56%)
59***
39%***
15%***
85%
90%

63 (29%)
59
19%
60%
95%
100%

107 (48%)
56+
28%
18%***
93%
98%

190 (24%)
54
26%
–
90%
95%

618 (76%)
58*
46%***
–
90%
95%

69 (17%)
59
23%
43%
93%
94%

228 (57%)
57
34%*
20%***
89%
93%

Pearson’s Chi Square or ANOVA ***p < .001 **p < .01 *p < .05 +p < .10.
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considerations for the LIMF study such as self-selection bias among
building owners and convenience sampling.
The plight of the near-elderly is quite apparent in the cluster results.
They face more financial hardships, which are strongly correlated with
worse health and home conditions. The health cluster analyses support
this observation. Hardships do not seem to be correlated with typical
SDOH variables in our samples.
What might these results mean to weatherization program admin
istrators? One observation is that they must take care in generalizing
existing NEI evaluations to their own programs. It is not advisable to
generalize SF findings to the MF sector. It is also not advisable to
generalize results between different climate zones. A second observation
is that weatherizing SF homes may yield higher per unit weatherized
NEI benefits than weatherizing MF buildings. However, because MF
weatherization is more economically efficient on a cost per weatherized
unit basis to buildings, this does not mean that it is more cost efficient
vis-à-vis NEIs to weatherize only SF buildings.
A third observation is that in order to maximize their programs’
impacts on health and material hardship NEIs, their programs could
strive to increase the percentages of worse-off households that receive
weatherization. This is a difficult goal to accomplish because program
eligibility is defined by income, not health or material deprivation.
One way to approach this issue is to begin to collaborate with the
health care and public health sectors to refer patients to weatherization
programs informally or by prescription to be covered by insurance
[107]. One would expect that referrals would be for patients that are
“super-utilizers” of the medical system. For example, in the U.S., just 5%
of the population accounted for half of all health care spending [7].
Weatherization program administrators could set aside a percentage of
their budgets to weatherize the homes of referrals, thereby avoiding
administrative issues that prevent them from using factors other than
income to determine program eligibility. Rules governing the use of
funding from sources such as DOE’s WAP and the Low Income Home
Energy Assistance Program (LIHEAP) have proved a challenge in pre
vious attempts to funnel health care funds into weatherization pro
grams. A pilot project in Washington State concluded that the state’s
Matchmaker funds alone were not sufficient to address high-need
homes, and that freeing up and braiding together additional funding
sources would make a Weatherization Plus Health (Wx + H) program
more sustainable [108]. Health care organizations might find it cost
effective to pay for weatherization directly [109] as has been found in a
small study in Spain [110] or to invest in healthy homes measures that
would be installed on top of conventional weatherization measures. For
example, weatherization crews could replace carpets with hard surfaces
in homes of asthma sufferers while they are also installing air sealing
and insulation measures [111]. Public health may be interested in
contributing funds to prevent the occurrence of common health issues,
such as trips and slips, and impacts anticipated to be caused by the
climate crisis. Here we are talking about replacing stairs with ramps,
installing grab bars, and also increased insulation and ventilation.
Weatherization is not the silver bullet to overcome income poverty
and material deprivation and it cannot address the extensive list of
health issues faced by low-income residents. But, as a program, it can
provide an entrance point to low-income homes where numerous in
vestments could be made simultaneously and cost-effectively. These
investments could reduce energy use and energy burden, improve
human health, and reduce material deprivation.
Lastly, limitations and qualifications about this research and the
results should be noted. A strength of this research is that it is based
upon data collected by several thousand resident/occupant surveys.
These data were collected across the country from households living in a
range of climate zones and home types. The combined databases underrepresenting renters of SF homes is a limitation. Another limitation is
that the sample of affordable MF buildings was not random. It was built
with the cooperation of building owners. One can argue that both lim
itations result in underestimating financial hardships and health issues

faced by households in energy poverty. It can be hypothesized that had
more SF renters and residents of affordable MF buildings with less
transparent owners been included in the databases, the percentage of
households in the worst-case clusters would have been higher.
Another issue relates to how generalizable these results are to the
broader low-income population in the U.S. For example, is the per
centage of households that fall into the worse hardship and health cat
egories higher, lower, or the same as represented by households seeking
weatherization services? Future quantitative research is needed to
rigorously answer this question. However, qualitatively, numerous
weatherization agencies around the country have told us that they
regularly refer households that apply for energy assistance that appear
to be suffering high energy burdens to their weatherization programs.
Other anecdotal evidence suggests to us that the average recipient of
energy assistance programs does not face the same magnitude of energy
burdens as households applying for weatherization. Thus, tentatively,
one could hypothesize that the average household applying for weath
erization is more likely to fall into the worse-case hardship cluster than
the average low-income household nationally. Still, many millions of U.
S. households fall into the worse-case cluster and could greatly benefit
from policy actions.
7. Conclusions
The above analyses do support a general conclusion that de
mographics and baseline health, home and household budget conditions
differ across home types and geographic regions. The MF sample
exhibited a much smaller household size and a higher percentage of nonworking respondents than the SF samples. On the other hand, the SF
homes appear to be in worse condition at the baseline. The core urban
population in the Southeast serviced by KEEM suffer from worse health
conditions at baseline. The differences between the WAP SF and MH
samples are not substantial.
Perhaps the most important observation is that between 21% and
30% of each sample is comprised of households that suffer an extremely
high percentage of financial hardships and poor health at baseline.
These samples suffer worse health problems and live in homes in worse
condition, as compared to households who suffer a small number of
financial problems. Analysis of demographic data suggest that these
households are populated by older adults (near-elderly) who are not of
retirement age but may lack financial security and resilience. It can be
argued that weatherization programs that target these types of house
holds would yield the highest return on NEIs. Future research should
explore the NEIs realized by improvements in health and reductions in
material deprivation by targeting these worse off populations.
Declaration of Competing Interest
The authors declare that they have no known competing financial
interests or personal relationships that could have appeared to influence
the work reported in this paper.
Acknowledgements
We wish to thank the sponsors of the research reported herein. We
thank the Department of Energy and Oak Ridge National Laboratory for
supporting the WAP evaluation. The JPB Foundation and the Program
Administrators from the Commonwealth of Massachusetts provided
generous support for the multifamily evaluation. Lastly, we thank the
Evidence for Action (E4A) program of the Robert Wood Johnson
Foundation for their support of the KEEM evaluation and TVA for the
HUP evaluation. We also wish to thank our partners, NMR, Slipstream,
and the Center for Applied Research and Evaluation at the University of
Tennessee, Knoxville.

11

B. Tonn et al.

Energy Research & Social Science 73 (2021) 101945

References

[26] F. Belaid, Exposure and risk to fuel poverty in France: examining the extent of the
fuel precariousness and its salient determinants, Energy Policy. 114 (2018)
189–200, https://doi.org/10.1016/j.enpol.2017.12.005.
[27] P. Howden-Chapman, H. Viggers, R. Chapman, K. O’Sullivan, L.T. Bernard,
B. Lloyd, Tackling cold housing and fuel poverty in New Zealand: A review of
policies, research, and health impacts, Energy Policy. 49 (2012) 134–142,
https://doi.org/10.1016/j.enpol.2011.09.044.
[28] V. Ezratty, A. Duburcq, C. Emery, J. Lambrozo, Residential energy systems: links
with health in European LARES study, Environnement Risques & Sante. 8 (6)
(2009) 497–506, https://doi.org/10.1684/ers.2009.0303.
[29] B. Boardman, Fixing Fuel Poverty: Challenges and Solutions, Earthscan, London,
UK, 2010.
[30] U.S. Energy Information Administration, (2018). One in Three U.S. Households
Faces a Challenge in Meeting Energy Needs. https://www.eia.gov/
todayinenergy/detail.php?id=37072.
[31] R. Filcak, L. Zivcic, Energy poverty and multi-dimensional perspectives of social
inequities and policy challenges, Inte. Issues Slovak Foreign Policy Affairs 26
(1–2) (2017) 40–61.
[32] B. Boardman, Fuel Poverty: from Cold Homes to Affordable Warmth, Belhaven
Press, London, UK, 1991.
[33] R. Campbell, Fuel poverty and government response, Soc. Pol. Adm. 27 (1993)
58–70, https://doi.org/10.1111/j.1467-9515.1993.tb00391.x.
[34] L. Capps, L. Curry, E. Levin, Energy-Plus-Health Handbook. VEIC. (2019).
Retrieved from https://www.veic.org/Media/default/documents/resources/
manuals/energy-plus-health-playbook.pdf.
[35] S. Hayes, C. Kubes, C. Gerbode, Making Health Count: Monetizing the Health
Benefits of In-Home Services Delivered by Energy Efficiency Programs, 2020.
Retrieved from American Council for an Energy-Efficient Economy https://www.
aceee.org/research-report/h2001.
[36] E. Jensen, Teaching with Poverty in Mind: What Being Poor Does to Kid’s Brains
and What Schools Can Do About it. ASCD, 2009. http://www.ascd.org/
publications/books/109074/chapters/Understanding-the-Nature-of-Poverty.
aspx.
[37] M. Forster, G. Tarcali, M. Till, Income and non-income poverty in Europe: What is
the minimum acceptable standard in an enlarged European Union? 27th General
Conference of the International Association for Research in Income and Wealth,
Djurhamn, Sweden, April 2004.
[38] A. Sen, Poor, Relatively Speaking. Oxford Economic Papers, New Series, 35 (2)
(1983) 153–169.
[39] P. Townsend, P. Phillimore, A. Beattie, Health and Deprivation: Inequality and
the North, Croom Helm, London, 1988.
[40] OECD, “Non-Income Poverty: What Can we Learn from Indicators of Material
Deprivation?” in Growing Unequal?: Income Distribution and Poverty in OECD
Countries. OECD Publishing. 2008. https://read.oecd-ilibrary.org/social-issuesmigration-health/growing-unequal/non-income-poverty_9789264044197-9en#page1.
[41] B. Glassman, A multidimensional poverty measure using the American
Community Survey. SEHSD Working Paper Number 2017-47, Tampa, Fl, 2017.
[42] A. Schenck-Fontaine, L. Panico, Many Kinds of Poverty: Three Dimensions of
Economic Hardship, Their Combinations, and Children’s Behavior Problems,
Demography 56 (2019) 6.
[43] P. Townsend, Poverty in the United Kingdom: A Survey of Household Resources
and Standards of Living, University of California Press, Berkeley, CA, 1979.
[44] C. Campbell, J. Pearlman, Access to social network support and material
hardship, Social Currents 6 (3) (2019) 284–304.
[45] K. Neckerman, I. Garfinkel, J. Teitler, J. Waldfogel, C. Wimer, Beyond income
poverty: measuring disadvantage in terms of material hardship and health,
Academic Pediatrics 16 (3S) (2016) S52–S59.
[46] N.A. Jabre C.A. Keet P. McCormack R, Balcer-Whaley, S., Matsui, EC. Material
Hardship and Indoor Allergen Exposure among Low-Income, Urban, Minority
Children with Persistent Asthma Journal of Community Health, May. 2020.
[47] R. Marchand, A. Genovese, S. Koh, A. Brennan, Examining the relationship
between energy poverty and measures of deprivation, Energy Policy 130 (2019)
206–217.
[48] T. Jan, 13 million people in poverty are disconnected from the social safety net.
Most of them are white. The Washington Post, Feb. 4, 2019. https://www.
washingtonpost.com/business/economy/13-million-people-in-poverty-aredisconnected-from-the-social-safety-net-most-of-them-are-white/2019/02/04/
807516a0-2598-11e9-81fd-b7b05d5bed90_story.html.
[49] D. Cooper, E. Gould, Financial security of elderly americans at risk, Economic
Policy Institute. 2013, https://www.epi.org/publication/economic-securityelderly-americans-risk/.
[50] A. Semuels, This is what life without retirement savings looks like. The Atlantic,
Feb 22, 2018. https://www.theatlantic.com/business/archive/2018/02/
pensions-safety-net-california/553970/.
[51] B. Sawyer, G. Claxton, How do health expenditures vary across the population?
Health Spending, January 16, 2019. https://www.healthsystemtracker.org/chartcollection/health-expenditures-vary-across-population/#item-medicarespending-inpatient-care-peaks-age-92-hospice-peaks-age-100.
[52] E. Duffin, Poverty rate in the United States in 2019, by age and gender. Statista,
2020. Retrieved from https://www.statista.com/statistics/233154/us-povertyrate-by-gender/.
[53] F. Meijer, M. Tambach, H. Visscher, Owner-occupiers and the quality of their
dwellings, RICS COBRA, Las Vegas, Nevada, Sept 2012. http://citeseerx.ist.psu.
edu/viewdoc/download?doi=10.1.1.845.4323&rep=rep1&type=pdf.

[1] E. Fahmy, The Definition and Measurement of Fuel Poverty. Consumer Focus
Briefing Paper, 2011. Retrieved from https://www.researchgate.net/profile/
Eldin_Fahmy/publication/265025374_The_definition_and_measurement_of_fuel_
poverty/links/552fe1460cf27acb0de84d19/The-definition-and-measurement-offuel-poverty.pdf.
[2] B. Veelen, A. Pinker, M. Tingey, G. Aiken, W.l. Eadson, What can energy research
bring to social science? Reflections on 5 years of Energy Research & Social Science
and beyond, Energy Res. Social Sci. 57 (2019), 101240.
[3] C. Demski, G. Thomas, S. Becker, D. Evensen, N. Pidgeon, Acceptance of energy
transitions and policies: Public conceptualisations of energy as a need and basic
right in the United Kingdom, Energy Res. Social Sci. 48 (2019) 33–45, https://
doi.org/10.1016/j.erss.2018.09.018.
[4] R. Gillard, C. Snell, M. Bevan, Advancing an energy justice perspective of fuel
poverty: Household vulnerability and domestic retrofit policy in the United
Kingdom, Energy Res. Social Sci. 29 (2017) 53–61, https://doi.org/10.1016/j.
erss.2017.05.012.
[5] A. Drehobl, L. Ross, Lifting the High Energy Burden in America’s Largest Cities:
How Energy Efficiency Can Improve Low-Income and Underserved Communities.
American Council for an Energy Efficient Economy, Research Report u1602,
Washington, DC. April 2016.
[6] J. Daniel, 6 Maps That Show How Bad Energy Poverty Is and Reveal 2 Ways to
Make It Better. [Blog]. Union of Concerned Scientists. Last update July 10, 2019.
https://blog.ucsusa.org/joseph-daniel/6-maps-that-show-how-bad-energypoverty-is.
[7] J. Cook, M. Shah. Reducing Energy Burden with Solar: Colorado’s Strategy and
Roadmap for States. National Renewable Energy Laboratory, 2018. NREL/TP6A20-70965. https://www.osti.gov/biblio/1431421.
[8] M.A. Brown, A. Soni, M.V. Lapsa, K. Southworth, Low-Income Energy
Affordability: Conclusions from a Literature Review. Oak Ridge National
Laboratory, Oak Ridge, TN, 2020. ORNL/TM-2019/1150.
[9] R.D. Colton, “Home Energy Affordability in New York: The Affordability Gap
(2008 – 2010).” Prepared for New York State Energy Research Development
Authority (NYSERDA) Albany, New York, 2011. http://www.nyserda.ny.gov//media/Files/EDPPP/LIFE/Resources/2008-2010-affordability-gap.pdf.
[10] J. Hills, Getting the measure of fuel poverty. Center for Analysis of Social
Exclusion at The London School of Economics. Commissioned by Department of
Energy and Climate Change, 2012. Retrieved from http://sticerd.lse.ac.uk/dps/
case/cr/CASEreport72.pdf.
[11] Department for Business, Energy & Industrial Strategy. Fuel Poverty Statistics.
GOV.UK. Last updated June 25, 2020. https://www.gov.uk/government/
collections/fuel-poverty-statistics.
[12] U. Dubois, H. Meier, Energy affordability and energy inequality in Europe:
Implications for policymaking, Energy Res. Social Sci. 18 (2016) 21–35, https://
doi.org/10.1016/j.erss.2016.04.015.
[13] H. Thomson, S. Bouzarovski, C. Snell, Rethinking the measurement of energy
poverty in Europe: A critical analysis of indicators and data, Indoor Built Environ.
26 (7) (2017) 879–901, https://doi.org/10.1177/1420326x17699260.
[14] C. Grey, T. Schmieder-Gaite, S. Jiang, C. Nascimento, W. Poortinga, Cold homes,
fuel poverty and energy efficiency improvements: A longitudinal focus group
approach, Indoor Built Environ. 26 (7) (2017) 902–913, https://doi.org/
10.1177/1420326X17703450.
[15] H. Thomson, C. Snell, S. Bouzarovski, Health, well-being and energy poverty in
europe: a comparative study of 32 European countries, Int. J. Environ. Res. Public
Health 14 (6) (2017) 584, https://doi.org/10.3390/ijerph14060584.
[16] T. Bridgeman, D. Croft, P. Guertler, R. Moore, I. Preston, Improving the Hills
approach to measuring fuel poverty. Commissioned by Consumer Focus.
Retrieved from https://www.cse.org.uk/downloads/reports-and-publications/
fuel-poverty/policy/energy-justice/improving-Hills-approach-to-measuring-fuelpoverty.pdf.
[17] R. Mould, K. Baker, Documenting fuel poverty from the householders’
perspective, Energy Res. Social Sci. 31 (2017) 21–31.
[18] L. Papada, D. Kaliampakos, Being forced to skimp on energy needs: A new look at
energy poverty in Greece, Energy Res. Social Sci. 64 (2020), 101450.
[19] S. Meyer, H. Laurence, D. Bart, L. Middlemiss, K. Marechal, Capturing the
multifaceted nature of energy poverty: Lessons from Belgium, Energy Res. Social
Sci. 40 (2018) 273–283.
[20] M. Llorca, A. Rodrigues-Alvarez, T. Jamasb, Objective vs. subjective fuel poverty
and self-assessed health, Energy Econ. 87 (2020), 104736.
[21] N. Longhurst, T. Hargreaves, Emotions and fuel poverty: The lived experience of
social housing tenants in the United Kingdom, Energy Res. Social Sci. 56 (2019)
101207, https://doi.org/10.1016/j.erss.2019.05.017.
[22] G. Walker, N. Simcock, R. Day, Necessary energy uses and a minimum standard of
living in the United Kingdom: Energy justice or escalating expectations? Energy
Res. Social Sci. 18 (2016) 129–138, https://doi.org/10.1016/j.erss.2016.02.007.
[23] M. Power, Fuel poverty in the USA: the overview and outlook. Energy Action.
2006; 98. http://www.opportunitystudies.org/wp-content/uploads/2011/11/
fuel-poverty.pdf. Accessed March 20, 2019.
[24] D. Hernandez, Energy insecurity: a framework for understanding energy, the built
environment, and health among vulnerable populations in the context of climate
change, Am. J. Public Health 103 (4) (2013) e32–e34, https://doi.org/10.2105/
AJPH.2012.301179.
[25] C. Liddell, C. Morris, Fuel poverty and human health: a review of recent evidence,
Energy Policy. 38 (6) (2010) 2987–2997, https://doi.org/10.1016/j.
enpol.2010.01.037.

12

B. Tonn et al.

Energy Research & Social Science 73 (2021) 101945

[54] Y. You, S. Kim, Who lives in and owns cold homes? A case study of fuel poverty in
Seoul, South Korea, Energy Res. Social Sci. 47 (2019) 202–214.
[55] G. Smolka, S. Thomas, A Medicare Buy-In Program, Washington, D.C.: AARP
Public Policy Institute, June 2009. As of October 1, 2019: https://assets.aarp.org/
rgcenter/health/i29_buyin.pdf.
[56] J. McWilliams, A. Zaslavsky, E. Meara, J. Ayanian, Health insurance coverage and
mortality among the near-elderly, Health Aff. 23 (4) (2004) 223–233.
[57] J. Hadley, T. Waidmann, Health insurance and health at age 65: implications for
medical care spending on new medicare beneficiaries, Health Res. Educat. Trust
(2006), https://doi.org/10.1111/j.1475-6773.2005.00491.x.
[58] E. Powell-Griner, J. Bolen, S. Bland, Health care coverage and use of preventive
services among the near elderly in the United States. American J. Public Health
89 (6) (1999) 882–886.
[59] J.M. McWilliams, E. Meara, A.M. Zaslavsky, J.Z. Ayanian, Use of health services
by previously uninsured medicare beneficiaries, N. Engl. J. Med. 357 (2) (2007)
143–153.
[60] C. Eibner, R. Vardavas, S. Nowak, J. Liu, P. Rao, Medicare for 50-to-64-Year-Olds:
Assessing the effects of allowing older adults to buy into the Medicare Program,
Rand Corporation, Santa Monica, CA, 2019.
[61] Weatherization Assistance Program Funding Report PY 2018. National
Association of State Community Service Programs. Retrieved October 2, 2020
from https://nascsp.org/wp-content/uploads/2020/05/NASCSP-2018-WAPFunding-Survey_Final_May12.pdf.
[62] D. Carroll, C. Kim, C. Driscoll, National Weatherization Assistance Program
Evaluation: Eligible Population Report, ORNL/TM-2014/312, Oak Ridge National
Laboratory, Oak Ridge, TN, September 2014.
[63] J. Oppenheim, The United States regulatory compact and energy poverty, Energy
Res. Social Sci. 18 (2016) 96–108.
[64] B. Tonn, E. Rose, B. Hawkins, National weatherization assistance program
characterization describing the recovery act period. Oak Ridge National
Laboratory, Oak Ridge, TN; 2015. ORNL/TM-2015/195. Published March 2015.
https://weatherization.ornl.gov/wp-content/uploads/pdf/
WAPRecoveryActEvalFinalReports/ORNL_TM-2015_195.pdf. Accessed March 20,
2019.
[65] R. De Souza, R. Evans-Agnew, C. Espina, Federal weatherization and health
education team up: process evaluation of a new strategy to improve health equity
for people with asthma and chronic obstructive pulmonary disease, J. Public
Heath Manage. Practice. 25 (1) (2019) 21–24, https://doi.org/10.1097/
PHH.0000000000000786.
[66] E. Rose, B. Hawkins, B. Tonn, L. Shah. Exploring the potential of weatherization
plus health interventions on asthma-related Medicaid claims and costs in
Washington state. Oak Ridge National Laboratory, Oak Ridge, TN; 2015. ORNL/
TM-2015/213. Published September 2015. Accessed March 20, 2019.
[67] J. Madrigano, et al. Vulnerability to Extreme Heat in New York City. Environment
and Health – Bridging South, North, East and West, Basel, Switzerland, August
19-23, 2013. http://www.ehbasel13.org/.
[68] J. Wu, et al., Estimation and uncertainty analysis of impacts of future heat waves
on mortality in the Eastern United States, Environ. Health Perspect. 122 (1)
(2014) 10–16.
[69] D. Frank, et al., Heat or Eat: The low income home energy assistance program and
nutritional and health risks among children less than 3 years of age, Pediatrics
118(5) (2006) e1293–e1302.
[70] B. Tonn, E. Rose, B. Hawkins, Evaluation of the US Department of Energy’s
weatherization assistance program: impact results. Energy Policy. 2018;118:
279–290. https://www.sciencedirect.com/science/article/pii/
S0301421518301836. Published July 2018. Accessed March 20, 2019.
[71] M. Blasnik, G. Dalhoff, S. Pigg, A. Mendyk, D. Carroll, F. Ucar, National
Weatherization Assistance Program Impact Evaluation: Energy Impacts for
Single-family Homes, ORNL/TM-2015/13 Oak Ridge National Laboratory, Oak
Ridge, TN, September 2014.
[72] R. Walker, C. Liddell, P. McKenzie, C. Morris, S. Lagdon, Fuel poverty in Northern
Ireland: Humanizing the plight of vulnerable households, Energy Res. Social Sci.
4 (2014) 89–99, https://doi.org/10.1016/j.erss.2014.10.001.
[73] B. Tonn, S. Wagner, R. Schmoyer, Weatherizing the homes of low-income home
energy assistance program clients: a programmatic assessment, Energy Policy 31
(2003) 735–744.
[74] E. Hood, Dwelling disparities: how poor housing leads to poor health, Environ.
Health Perspect. 113 (5) (2005) 310–317, https://doi.org/10.1289/ehp.113a310.
[75] S.A. Bashir, Home is where the harm is: inadequate housing as a public health
crisis. Am. J. Public Health 92 (5) (2002) 733–738. https://ajph.
aphapublications.org/doi/full/10.2105/AJPH.92.5.733. Published May 2002.
Accessed March 20, 2019.
[76] M. Gibson, M. Petticrew, C. Bambra, A.J. Sowden, K.E. Wright, M. Whitehead,
Housing and health inequalities: A synthesis of systematic reviews of
interventions aimed at different pathways linking housing and health, Health
Place. 17 (1) (2011) 175–184, https://doi.org/10.1016/j.
healthplace.2010.09.011.
[77] R. Chard, G. Walker, Living with fuel poverty in older age: Coping strategies and
their problematic implications, Energy Res. Social Sci. 18 (2016) 62–70.
[78] L. Nicholls, Y. Strengers, Heatwaves, cooling and young children at home:
Integrating energy and health objectives, Energy Res. Social Sci. 39 (2018) 1–9.
[79] S. Bouzarovski, S. Petrova, A global perspective on domestic energy deprivation:
overcoming the energy poverty–fuel poverty binary, Energy Res. Social Sci. 10
(2015) 31–40.

[80] K. Brunner, M. Spitzer, A. Christanell, Experiencing fuel poverty. Coping
strategies of low-income households in Vienna/Austria, Energy Policy 49 (2012)
53–59.
[81] V. Burholt, G. Windle, Keeping Warm? Self-reported housing and home energy
efficiency factors impacting on older people heating homes in North Wales,
Energy Policy 34 (2006) 1198–1208.
[82] J. Breysse, S. Dixon, J. Gregory, M. Philby, D. Jacobs, J. Krieger, Effects of
weatherization combined with community health worker in-home education on
asthma control. Am. J. Public Health. 104 (1) (2014) 57–64. https://ajphaphapublications-org.proxy.lib.utk.edu/doi/10.2105/AJPH.2013.301402.
Published January 2014. Accessed March 20, 2019.
[83] P. Howden-Chapman, A. Matheson, J. Crane, H. Viggers, M. Cunningham, T.
Blakely, C. Cunningham, A. Woodward, K. Saville-Smith, D. O’dea, et al. Effect of
insulating existing houses on health inequality: cluster randomized study in the
community, British Med. J. 334 (7591) (2007) 460–464, doi: 10.1136/
bmj.39070.573032.80.
[84] M. Somerville, I. Mackenzie, P. Owen, D. Miles, Housing and health: does
installing heating in their homes improve the health of children with asthma?
Public Health. 114 (6) (2000) 434–439, https://doi.org/10.1038/sj.ph.1900687.
[85] U. Haverinen-Shaughnessy, M. Pekkonen, V. Leivo, T. Prasaukas, M. Turunen,
M. Kiviste, A. Aaltonen, D. Martuzevicius, Occupant satisfaction with indoor
environmental quality and health after energy retrofits of multi-family buildings:
results from INSULAtE-project, Int. J. Hyg. Environ. Health 221 (6) (2018)
921–928, https://doi.org/10.1016/j.ijheh.2018.05.009.
[86] D. Hernández, D. Phillips, Benefit or burden? Perceptions of energy efficiency
efforts among low-income housing residents in New York City, Energy Res. Social
Sci. 8 (2015) 52–59.
[87] S. Ahrentzen, J. Erickson, E. Fonseca, Thermal and health outcomes of energy
efficiency retrofits of homes of older adults, Indoor Air 26 (4) (2016) 582–593,
https://doi.org/10.1111/ina.12239.
[88] M. Alam, P. Rajeev, J. Sanjayan, P.X.W. Zou, J. Wilson, Mitigation of heat stress
risks though building energy efficiency upgrade: a case study of Melbourne,
Australia, Australian J. Civil Eng. 16 (1) (2018) 64–78, https://doi.org/10.1080/
14488353.2018.1453331.
[89] W. Poortinga, S.Y. Jiang, C. Grey, C. Tweed, Impacts of energy efficiency
investments on internal conditions in low-income households, Build. Res.
Informat. 46 (6) (2018) 653–667, https://doi.org/10.1080/
09613218.2017.1314641.
[90] J. Simon, A. Levensohn, B.B. Metzger, S. Hardman, S.J. Klein. Burn prevention
through weatherization assistance programs. Am. J. Public Health. 83(12) (1993)
1787–1788. https://www-ncbi-nlm-nih-gov.proxy.lib.utk.edu/pmc/articles/
PMC1694913/. Published December 1993. Accessed March 20, 2019.
[91] Three3, Inc. and NMR Group, Inc. 2019. Low-Income Multifamily Health- and
Safety-Related NEIs Study (TXC 50) Final Interim Report. NMR Group.
[92] S.C. Doll, E.L. Davidson, B.R. Painting, Weatherization impacts and baseline
indoor environmental quality in low-income single-family homes, Build. Environ.
2016 (107) (2019) 181–190. Published October 2016. Accessed March 20.
[93] Pigg S, Cautley D, Francisco P, Hawkins B, Brennan T. Weatherization and indoor
air quality: measured impacts in single-family homes under the weatherization
assistance program. Oak Ridge, TN: Oak Ridge National Laboratory; 2014. ORNL/
TM-2014/170. Published September 2014. Accessed March 20, 2019.
[94] F. Noris, G. Adamkiewicz, W.W. Delp, T. Hotchi, M. Russel, B.C. Singer, M.
Spears, K. Vermeer, W.J. Fisk,Indoor environmental quality benefits of apartment
energy retrofits, Build. Environ. 68 (2013) 170–178. doi:10.1016/j.
buildenv.2013.07.003.
[95] P.W. Francisco, D.E. Jacobs, L. Targos, S.L. Dixon, J. Breysse, W. Rose, S. Cali,
Ventilation, indoor air quality, and health in homes undergoing weatherization,
Indoor Air 27 (2) (2017) 463–477, https://doi.org/10.1111/ina.12325.
[96] B. Tonn, E. Rose, B. Hawkins, B. Conlon, Health and household-related benefits
attributable to the weatherization assistance program. Oak Ridge, TN: Oak Ridge
National Laboratory; 2014. ORNL/TM-2014/345. https://weatherization.ornl.
gov/wp-content/uploads/pdf/WAPRetroEvalFinalReports/ORNL_TM-2014_345.
pdf. Published September 2014. Accessed March 20, 2019.
[97] J. Gilbertson, M. Grimsley, G. Green, Psychosocial routes from housing
investment to health: evidence from England’s home energy efficiency scheme,
Energy Policy 49 (2012) 122–133.
[98] J. Cook, D. Frank, P. Casey, R. Rose-Jacobs, M. Black, M. Chilton, et al. A brief
indicator of household energy security: associations with food security, child
health, and child development in US infants and toddlers, Pediatrics 122 (4)
(2008) e867–75.
[99] https://www.americanprogress.org/issues/economy/news/2012/08/16/12031/
fact-sheet-paid-sick-days/.
[100] B. Hawkins, B. Tonn, E. Rose, G. Clendenning, L. Abraham, Massachusetts special
and cross-cutting research area: low-income single-family health- and safetyrelated non-energy impacts (NEIs) study. Knoxville, TN: Three3, Inc.; 2016.
http://ma-eeac.org/wordpress/wp-content/uploads/Low-Income-Single-FamilyHealth-and-Safety-Related-NonEnergy-Impacts-Study.pdf. Published August
2016. Accessed March 20, 2019.
[101] L. Skumatz, Non-energy impacts/ non-energy impacts and their role and values in
cost effectiveness tests. Superior, CO: SERA Inc.; 2014. http://
energyefficiencyforall.org/sites/default/files/2014_%20NEBs%20report%20for%
20M aryland.pdf. Published March 2014. Accessed March 20, 2019.
[102] C. Shrubsole, A. Macmillan, M. Davies, N. May, 100 unintended consequences of
policies to improve the energy efficiency of the UK housing stock, Indoor Built
Environ. 23 (3) (2014) 340–352, https://doi.org/10.1177/1420326X14524586.

13

B. Tonn et al.

Energy Research & Social Science 73 (2021) 101945
[107] Center for Environmental Health, 2011. Treasures. Childrensmercy.org, Winter,
1-6.
[108] V. Schueler, 2018. The Washington State Weatherization Plus Health Pilot:
Implementation and Lessons Learned. Washington State University Energy
Program. Retrieved from http://www.energy.wsu.edu/documents/WxH%20Full
%20Implementation%20Final%20Revised.pdf.
[109] M. Kravatz, E. Belliveau, B. Tonn,, G. Clendenning, Co-funded health-focused
housing intervention measure benefits: establishing a co-funded low-income
residential program model, Asilomar, CA: ACEEE, 2018. Published August 2018.
[110] R. Castano-Rosa, J. Solis-Guzman, M. Marrero, Energy poverty goes south?
Understanding the costs of energy poverty with the index of vulnerable homes in
Spain, Energy Res. Social Sci. 60 (2020), 101325.
[111] Washington State University, 2019. Pierce County Healthy Homes Case Study:
Washington State Weatherization Plus Health Program Pilot. 905 Plum Street SE,
PO Box 43165, Olympia, Washington 98504-3165, http://www.energy.wsu.edu/
documents/Pierce%20County%20Healthy%20Homes%20Case%20Study%20Jan
%2031%202019-final.pdf (Accessed February 12, 2019).

[103] B. Tonn, D. Carroll, S. Pigg, M. Blasnik, G. Dalhoff, J. Berger, E. Rose, B. Hawkins,
J. Eisenberg, F. Ucar, I. Bensch, C. Cowan. Weatherization works. Oak Ridge, TN:
Oak Ridge National Laboratory; 2014. ORNL/TM-2014/338. Published
September 2014. https://weatherization.ornl.gov/wp-content/uploads/pdf/
WAPRetroEvalFinalReports/ORNL_TM-2014_338.pdf. Accessed March 20, 2019.
[104] Capturing the Multiple Benefits of Energy Efficiency. Paris, France: International
Energy Agency; 2014. OECD/IEA. https://www.iea.org/publications/
freepublications/publication/Multiple_Benefits_of_Energy_Efficiency.pdf.
Accessed March 20, 2019.
[105] S. Nadel, Efficiency and renewables: the dream team for a clean energy future.
[Blog] American Council for an Energy-Efficient Economy. Published May 2,
2018. https://www.aceee.org/blog/2018/05/efficiency-and-renewables-dreamteam.
[106] B. Tonn, D. Carroll, E. Rose, B. Hawkins, S. Pigg, M. Blasnik, J. Eisenberg, C.
Cowan, B. Conlon, “Weatherization Works II - Summary of Findings from the
ARRA Period Evaluation of the U.S. Department of Energy’s Weatherization
Assistance Program,” ORNL/TM-2015/139, Oak Ridge National Laboratory, Oak
Ridge, TN, September 2015.

14

