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ARTICLEINFO ABSTRACT

Eeywords: The intricate relationship between energy burden (EB) and indoor environmental quality (IE()) iz vital for human
Energy burden well-being within the built environment. While previous smdiez have focused on vulnerable groups, individuals
Bnergy mecurity with health concems have received limited attention This interdisciplinary study delves into the dizparities and
Equity in the boilt emviranment cumulative impacts of EB, the built environment, and social demographics, with a particular focus on assistance-
EQH 1 i dependent populations (ADPs). Bazed on 2588 online respondents in the UK. during the COVID-19 pandemic,
Valnerabl Lngi our rezearch unveils significant relationships between EB, heating insecurity, and perceived thermal discomfort.
Occupant behavinr ADPz reported an awverage EB of 5.5% and poorer houzing quality than their counterparts, with inadequate

[emperamres emMerging as a primary concermn. The cormelation analyziz highlights a strong connection between
the perception of thermal dizcomfort and energy-saving behaviors. We also explored the interactionz of EB,
homeowmnership, and assistance-dependent stams to uncover concentrated dizadvantages in housing issues and
identified wulnerable groups. Notably, irrespective of their EB, ADPs face more challenges than non-ADPsz,
highlighting the greater predictive zignificance of assistance-dependent states over EB. Moreover, our findings
suggest that assiztance-dependent renters constitote the most vulnerable group. Conzidering that ADPs already
contend with preexisting phyzical illnesses, the revelation that they are more prone to experiencing higher EB
and reziding in inferior conditons is of uimost importance. It underscores the urgency of mitigating theze
additional health risks and ensuring the availability of a healthy and safe living environment for vulnerable
demographics, thereby advancing the goal of equity within the built environment for owverall well-being.

1. Introduction problems, allergies, and exacerbated conditions like asthma, especially

for vulnerable populations [9]. Concurrently, extreme weather events

In the face of global warming and extreme weather events, the
intricate relationship between energy burden (EB) [ 1], energy insecurity
[2,2], and indoor environmental quality ([EQ)) becomes increasingly
vital for human health and well-being within the built environment [4].
Az temperatures dramatieally rize in summer and drop in winter due to
climate change, the demand for improving better housing conditions
becomes eritical izsues related to the built environment and energy cost,
ecepecially that thermal comfort and energy efficiency are often the
conflict goals [5,5]. Poor IEQ) such as inadequate wventilation, exacer-
bated by a desire to reduce energy consumption, can have significant
health imphications [7,8]. These include increased riske of respiratory
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like heatwaves or prolonged cold epells can directly affect indoor con-
ditions. Inadequate heating and cooling during such events can result in
dizcomfort and even life-threatening situations, particularly for those
who cannot afford the energy costz associated with maintaiming a
comfortable indoor environment. To address these mulbfaceted chal-
lenges, high-level dizcussions have expanded to encompass not only
encrgy efficiency and resilience measures [10] but also the enitical need
to enhance [EQ within the built environment.

There were numerous previous studies focused on the well-being
needs of vanious wvulnerable groupe, particularly minorities, people
with low socio-economic status, and vulnerable age sroupe; however,
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there were very few studies about some of the subgroupe within people
with health concerns [7]. Unique to thiz study, we propose an inter-
dizciplinary study to address the inequity issuee focusing on the EB, bualt
environment, heating insecurity challenges and social demographies
factor. Utilizing survey data, our investigation delves into these matters
through the lens of individuals" subjective perceptions, with a particular
emphasiz on houscholds living with individuale with dizabilities and
with electricity medical needs that are affected by heabting/cooling,
which iz defined as assistance-dependent populations (ADPs) in this
study. By prioritizing these factors, our discuzsions endeaveor to promote
healthier indoor environments, particularly for vulnerable populations,
where well-being 15 intrinsically linked to both energy consumption and
quality of life. Furthermore, we aim to amplify the needs and distinetive
challenges faced by ADPe, thereby contributing to a meore inclusive and
equitable society. This holistic approach underscores the imperative for
comprehensive research and equitable recommendation in the realms of
energy consumphon and the built environment, especially in an era
marked by the challenges of climate change and energy poverty [11].

2. Literature review

The growing recogmition of the importance of achieving optimal
building energy efficiency while simultansously ensuring Indoor Envi-
ronmental Quality (IEQ) and thermal comfort has become a prominent
focus. Numerous well-establizhed indexes and erteria endorsed by
ecteemed organizations such as American Society of Heating, Refriger-
ating and Air-Conditoning Engineers (ASHRAE), Leadershap in Energy
and Environmental Dezign (LEED), and health standards such as WELL
[12], underscore the strong correlation between the energy use, built
environment, well-being, health, productivity, and cost-effective buald-
ing operation. Furthermore, international standarde, exemplified by 150
17772-1 [13] and EN 167981 [14], have defined eriteria for IEQ levels
and energy performance in buildings. These standards alzo work to
address resilience, environmental sustainability, and health-related eg-
uity goals within the built environment [7]. Sinee built environment
plays an essential role in addressing the basic needs of society, such as
having places to live, work, learn, travel, and entertain [7], the
well-being within these structures assumes paramount significance.

High-quality indoor environments have been confirmed to play a
pivotal role in influencing health, performance, and abeentesism [15].
Researchers have been exploring strategies to balance and optimize in-
door environmental quality (IEQ), thermal comfort, and energy effi-
clency across various building types [16,17]. However, the bult
environment is particularly entical in residential buildings, where peo-
ple spend a significant portion of their ime engaged in diverse activities.
This profoundly influences occupants” well-being, affecting productivity
[1£], educational cuteomes [129], and health [20]. Of particular concern
ie the profound housing crisiz affecting vulnerable populations who face
exceptionally complex challenges. These relate not only to the burden of
energy expenses but also to the overall quality of their iving conditions,
ecepecially in the era of climate change and increasingly frequent
extreme weather events [21]. On the other hand, the design, construe-
tion, or operation of built environments to cater to the specific needs of
one group may not necessarily fulfill the requirements of other groups
[7,22]. The disparities in human needs and behaviors within bailt en-
vironments can be considerable, particularly when considering diverse
demographics, such as varying income levels, educational backgrounds,
or mndividuals with physical dizabilities and specific medical needs.
Therefore, researchers should place greater emphasiz on uncovering the
challenges faced by different individuals to address these gape. This
study epecifically provides an overview of the Literature focusing on the
challenges related to the built environment, energy insecunty, and
living conditions experienced by vulnerable populations.

In the realm of socio-economic studies concerning the built envi-
ronment and EB acroes diverse demographics, with a parbicular focus on
vulnerable populations, it becomes evident that inwvestigating the
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intricate relationship between the two factors iz of paramount Impor-
tance. Within thiz framework, energy insecurity, conceptualized az a
multi-dimensional construct that desenbes the interplay between
phyeical conditions of housing, houschold enersy expenditures and
energy-related coping strategies [2,23], reflecting the challenges and
dilemmas faced in daily Lfe. Vulnerable populations, including
low-mecome houscholds (LIHs), people of color (POC), mdividuals
dealing with illnesses [24], grapple with significant challenges arizsing
from enersy insecurity, subpar housing conditions and madequate
thermal comfort, among other factors, all of which collectively exert
detrimental effects on their overall health and well-being [1,25].
Moreover, these finanecial implications extend to addibonal costs
incurred by people with disabilities to ensure their health, safety, and
quality of life, encompassing expenses related to accessibility needs and
other accommeoddations [26]. Hence, there has been a growing emphasis
on studies aimed at understanding the needs and challenges of energy
insecurity and housing quality faced by vulnerable populations. Malik
etal [27] conducted a detailed study in Mumbai, India, focusing on how
people in low-income housing adapt to temperature conditions. Their
comprehensive field measurements and surveys provide policy immpli-
cations and design guidelines for ereating thermally comfortable
low-income dwellings. Chen et al. [1] offer valuable insights that delve
into the complex dimensions of energy msecurity experienced by
vulnerable populations (e.g., LIHe, POC, low-income renters, ete.),
encompassing aspects related to the built environment, energy-related
financial difficulties, and energy-related behavicral patterns, all of
which involve wvanious strategics simed at alleviating the physical,
health, and economic consequences associated with energy insecurity.

EB, measured by the proportion of household income allocated to
encrgy expenses, 12 one of the ertical challenges disproportionately
affecting individuals with lower incomes [9,25,29]. In the Us, for
instance, LIHz allocate approximately 10% of their total income to en-
ergy bills, whereas higher-income househeolds spend only around 3.3%
[25]. The mnfluence of dwelling characteristies, az highlighted in Chen
et al’s research, plays a significant role in determining energy con-
sumption patterns, shedding light on potential explanations for EB
within LIHz. Particularly, individuals with lower incomes often resort to
inefficlent appliances, elevating their energy consumpbion and com-
pounding their EB [3,25]. This energy insecurity iz not solely dependent
on economic hardshipe but also on physical housing conditions and
occupants” behaviors that can increase costs. Additionally, previous
research [30] has established a commechion between poor housing
quality, unmet social needs, stress, and depression among low-income
smokers, which underscores the impact of energy expenses and hous-
ing quality on physical and mental health, emphasizing that distinet
demographic groups encounter unique challenges related to their
well-being. Bezides, to cope with these challenges, individuals experi-
encing energy insecurity may resort to risky behaviors, such as forgoing
basic needs, relving on pavday lending, or using less rehable energy
sources to compensate for their energy neads [23,29]. For instance, LIH:
often resort to unsafe practices for energy-saving, such as using stoves
and space heaters, leading to fire risks and diminished air guality,
Jjeopardizing their health and safety [2,23]; EB may compel occupants to
get their heating or cooling systems at uncomfortable temperatures to
reduce energy use, ultimately affecting their overall well-being [31].
Interestingly, the findings of one study underscore the high thermal
tolerance exhibited by low-income occupants, potentially attnbuted to
adjusted expectations due to resource constraints or adaptation to
high-temperature and humidity conditions [27].

The correlation between housing conditions and energy poverty 1s
evident, with factors like poor housing quality, inadequate insulation,
and lack of basic energy services contributing to energy insecurity [28].
Motably, housing characteristics and zocio-demographic factors have
substantial implications on residential energy use intensity, with
lower-income householde and ADP: often residing inm less
encrgy-cfficient homes with leaky structurez and less efficient
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appliances [25,32]. Racial, educational, and houschold characteristies
have been identified az factors mnfluencing energy insecurity, with
certain demographics being more vulnerable to this issue [1,24]. Survey
resulte reveal that a significant portion of LIHs strugzle with affording
energy bille and face potential disconnection due to non-payment. Ma-
terial hardship, unemployment, and COVID-]19-related factors are sta-
tistically associated with various forme of energy insecunity [24]. The
aforementioned indicated that the interplay among socio-cconomic
status, energy coste, and trade-off behaviors iz a complex izsue with
profound implications, emphasizing the necessity for comprehensive
policies and interventions aimed at alleviating the EB and energy inse-
curity faced by vulnerable populations and ensuring equitable aceess to
essential resources and fundamental living quality.

Individuals with dizabilities face a umique s=t of challenges when it
comes to energy insecurity, making them particularly vulnerable to its
consequences. This vulnerability is especially pronounced for those who
rely on electric medical deviess or expernience difficulties with thermo-
regulation, as access to heating or cocling becomes a entical need for
their well-being. For mdividuale with disabihities, the burden of energy
insecurity iz compounded by a range of additional expenses that result
from their unique circumstances. These inelude higher enersy costs due
to phyeical inactivity, prolonged periods spent at home, increased
laundry requiremente, specialized dietary needs, and the use of elec-
trical aide such az mobility deviees [23]. Moreover, many dizabled in-
dividuals and families with dizabled children often find themselves in
situations where they are living in poverty or on a low income, residing
in substandard housing, and facing additional ezsential costs of living,
with energy coste being a significant part of thiz financial strain [26].
Moreover, previous studies have shown that energy insecurity 1= notably
more prevalent in houscholds of individuals with disabilibies. This issue
ie particularly critical for those with disabilities who depend en electric
medical deviees for their livelihood or struggle with thermoregulation in
the abeenee of heating or cooling. The absence of dependable aceess to
electricity presents significant risks, especially for those relying on
life-gustaiming medical equipment, such az ventilators amd power
wheelchairs [23]. In such cases, any interruption in the power supply
can hawve life-threatening consequences, making energy insecurity a
matter of life and death. It 1z important to recognize that these energy-
and housing-related issues disproportionately affect certain  de-
mographic groups, including single parents, the elderly, the dizabled,
and individuale with low or fixed incomes [3]. This disproportionate
impact lughhghts the concept of “concentrated disadvantage,” which
sheds light on the profound difficulties these vulnerable sroups face. The
concept of concentrated disadvantage emphasizes the interconnected
relationship ameong demographic and socio-economic factors, which
collectively ereate multiple challenges for individuals within these
groupe. Thiz can include low-income ADPs, renters within the ADP
group, and ADPz with high BB who must allocate a significant portion of
their limited income to cover energy costz [1].

For ADPs particularly, issues within the built environment, such as
inadequate ventilation, mold infestations, and noize pollution, further
contribute to the intricate chain reaction among EB, built environment,”
IE), thermal comfort, and health. The health hazarde poeed by these
built environmental factors present a significant nsk to those who are
chronically dizabled [2,33], and the impacts on ADPs are more profound
than on other indrviduale. In recent studies, there has been a growing
effort to raiee awareness about enersy Insecurity and built environment
challenges faced by vulnerable demographics like LIHz and people with
chronie diseases [24]. Newvertheless, it 12 worth noting that the concept of
theee domaineg [1], especially in the context of individuals with phyeical
dizabilities and medical needs. To address these research gape, this study
focuses on the ADPs to inwvestigate and elucidate the multifaceted
purzuit of well-being concerning energy and the built environment is-
sues. By recognizing and addressing these 1ssues, we can work towards a
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more Inclusive and equitable energy system that supports the well-being
and independence of all members of society.

3. Purpose of the study

Thiz study aims to address the significant impact of the EB and the
built environment on individuals’ well-being considering the socio-
demographic factors, with a particular focus on ADPs (Fiz. 1). The
rationale behind thiz emphasiz iz rooted in the recognition that ADPs,
due to vanous circumstances and vulnerabilifies, face a unique st of
deeper into the complex web of factors that contribute to these chal-
lenges. Given the UK's temperate elimate, our study primarily addresses
heating issues, as cooling demand accounts for merely 10% of electricity
use [25]. Our investigation will shed light on how EB influences
heating-related behaviors and seek to clanfy the intrieate relationship
between EB and heating insecurity, particularly thermal discomfort,
subsequently affecting their overall iving quality. Uniquely, previous
studies tended to utilize modeling or surveys focusing on the physical
condition of the built environment, while thiz study places greater
emphasiz on cccupants” subjective perceptions to reveal their intuitive
perspective on living conditions. Moreover, it iz worth noting that many
occupant behaviors wers measured by a single, abeolute rezponse con-
cerning a particular choice in dealing with latent variables [36]. How-
ever, iIndividuals tend to demonstrate greater accuracy and consistency
when providing comparative responses involving two or more choices,
influenced by their speeific situation and personal experiences [37]. In
addition, there iz a lack of utilizing the measurement which considers
the latent variables in the previous studies related to the built environ-
ment. Consequently, our research endeavors to discern pivotal issues
within the realm of the bult environment and heating challenges
encountered by ADPs, along with an exploration of their associated
behaviors based on the survey methodologies of social science. The
overarching aim i= to offer insights and implications regarding housing
quality, with the goal of advancing the health and well-being of
vulnerable mdividuale. Thie study attempte to answer the following
research questions:

1) Does EB significantly relate to conditions of the bult environment,

2) Do ADPs experience higher EB or encounter more challenges related
to the bult environment, heabting insecurity, and thermal dizcomfort
compared to their counterparts?

3) What are the most severe issues of built environment, percerved
thermal discomfort and heating insecurity experienced by ADPs?
4) Exploring the correlation between “thermal discomfort” and “heat-
ing insecurity” to identify potential causes of thermal discomfort.
5) How does the built environment, thermal discomfort, and heating
insecurity differ ameng ADPe with high-nzk EB (HEBE) and non-HEB,

ae well ag different homeownership statuses?

4. Methodology

4.1. Survey procedures

This study conducted an online survey (n = 2588) among UK resi-
dents in 2021, using an internet-based questionnaire distributed through
Qualtrics Paid Panel Serviee, a widely utilized online data collection
platform for researchers. Online volunteers were recruited as the sam-
ple, with a deliberate effort to mirror the UK’z income and gender dis-
tnbution. The survey covered a spectrum of key domains, including
assesements of energy and internet expenses and their associated chal-
lenges, expenences with insecurities related to both energy and internet
aceess, evaluations of the participants’ subjective perception related to
the built environment, encompassing aspects like housing conditions,
thermal comfort and [EQ, serutiny of social-peychological factors such as
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trust and pereceived affordability, and a comprehensive exploration of
demographic information. Additionally, the primary objective behind
distributing the survey was to assess the influence of COVID-19 re-
strictions on household enersy and internet usage. The pandemic altered
people’s work patterns, resulting in extended periods spent at home.
Consequently, this chift had a notable impact on how individuals
comfort and heating/cooling expenses. The prolonged duration spent at
home further exacerbated the mterconnectedness of these issues.
Moreover, individuals with disabilities or medical needs affected by
heating and cooling may experience heightened stress, compounding
their existing health issues, particularly m hight of the pandemic-mmduced
chifte in their iving situations. Thus, we extracted the questions in the
survey, and focused on the impact of EB and ite relationship with the
built environment, thermal discomfort and occupants” trade-off behaw-
iors when encountering issues related to paying energy bills and housing
quality to clanfy their specific needs. Section 4.3.1 provides detailed
information on the measurement of eritical variables targeted in this
study.

4.2, Participantz” demographics and the definition of ADFPs and non-ADPs

The demographic information of the respondents iz shown in Table 1.
Among the participants, the gender distribution was balaneed, with
49.7% identified az women, 49.8% identiied az men, and 0.5%
preferred not to answer. In terme of age, the majonity (63.5%) fell within
the muddle-aged bracket (31-60 years old), while 18.2% were young
(18-30 years old), and ancther 18.2% were clder individuals (61 years
old or older). The racial distribution reflects the diversity of the popu-
latiomn, with 11.59% of respondents reported as POC, comprizsing sub-
groupe: Black (2.5%), Latino (0.5%), Asian (6.4%), and mixed races
(2%). The majornty, constituting 88 4%, were reported as White in-
dividuals. Income-wise, a significant portion had an annual household
income before tax ranging from £25,501 to £50,000 (49.9%), followed
by less than £25,000 (30%) and more than £50,000 (20.1%). Education
lewvels indicate diversification, with 24 8% having secondary education,
63.6% attaining a high-level education or college degree, and 11.6%
holding a post-graduate degree. Additionally, half of the participants are

employed full-time (50.9%), with 18.2% employed part-time, 13.5%
unsmployed, 17.4% retired and others.

Regarding the houschold demographics, most participants lived in
England (85%], while the remaiming 15% were in Scotland, Wales, and
Morthern Ireland. Owver half of the participants (58.4%) owned their
residence, while 41.6% rented (either socially or privately), indicating
our zgample has a good representation of renters and homeowners. For
dwelling size, most parbicipantz did not know their dwelling size
{40.1%), while 27 9% lived on a property between 75 and 125 square
meters, 18.2% lived on a property of less than 75 square meters, and
13.8% hived on a property of more than 125 square meters. The majority
of households were comprised of one or two occupants (48.9%), fol-
lowed by three or four cccupants (42.1%), and a smaller percentage with
five or more (9%).

In this study, we forus on the vulnerable groups of households iving
with individuale with dizabilities and those with electrical medical needs
affected by heating/cooling. These two types of households are defined
as ADPs in thiz study. According to the deseriptive statistics, the ADP
accounts for 24.5% (n = 634) of the entire sample. Within thiz ADP
population, 39.3% (n = 249) arc houscholds with individuale with
disabilitiez, and 60.7% (n = 385) are houscholds with individuals who
have electrical medical needs affected by heating /eooling; furthermore,
21.6% (n = 137) have both condibions. We further mvestigated the
interaction of income level and ADPs/non-ADPe. Az shown in Fig. 2, in
the non-ADP group, a minonty of 28.5% fall into the LIH category, the
majority of 50.7% are clagsified az MIH, and the remaining 20.9% are in
the HIH category. Conversely, the ADP group chows a larger proportion
of LIH at 38.8%, a slightly smaller proportion of MIH at 45%, and a
notably smaller proportion of HIH at 16.3%. Thie result highlights a
clear shift toward lower income brackets when comparing the non-ADP
group with the ADP group, suggesting a poesible correlation between
ADP categorization and lower household income levels, as evidenced by
the higher proportion of LIH within the ADP group.

4.3, Procedure of measurement and statistical analysiz

Most survey measures in thiz ressarch project utilized a S5-point
Likert escale, excluding demographic and houschold information,



Table 1

Participant characteristica Frequency (%)
b
Oender
Male 498
Female 497
Mot to anmwer 0.5
Age
18-30 yearz old 13.2
3160 yearz old 63.5
61 years old or older 13.2
White 834
Black 15
Lating 0.5
Azian 6.5
Mixed races ]
Income
Lens than £25,000 30
£25,501 to £50,000 FrY
Mare than £50,000 201
Edueation
Secondary Bducation 248
Post-graduate degree 11.6
Employment
Employed full-time 509
Employed part-time 13.2
Unemplogred 13.5
Retired and others 174
hold .

Remdential area
England residence 8s
Scotland, Wales, and Northern Ireland regidence 15
Homeownership otxbug
Owmer 534
Renter 416
Drwelling mize
Lesz than 75 square meters 13.2
75-115 square metere we
More than 125 square meters 13.8
Do not know 401
Houzehold oz
Ome or two oocupants 439
Thres or four occupamnts 421
Five or more 9

which were handled differently. In this 5-point Likert-type scale, a rating
of one corresponds to responses indicating disagreement, unlikelihood,
unconcern, worsening, below-average, ease, umimportance, afford-
ability, or ranty. Conversely, a rating of five corresponds to responses
indicating agreement, likelihood, coneern, above average, or frequency
(Le., very often). Demographic and household-related questions were
measured using options such as ves, no, and unsure/do not know.
Umiquely, the key variables measured in this study were obtained
using a multi-item approach in our survey, combining latent variables

3

60 50.7%

(%)

40 28.5%
£0.9%

20 | |
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based on relevant theories for assessing social peychological atiributes
and human atbtudes. Specifically, factor analysis [32,39], a statistical
method used to elucidate relationships among obeerved and correlated
variables in terms of a potentially emaller set of unobserved variables,
was employed to identify the erucial variables for further analysizs.

4.3.]1. KeY variablez

Four key variables are considered in thiz study, including EB, bualt
environment, heating insecurity, and perceived thermal discomfort
These variables encompass the aspects of financial concerns, physical
conditions of built environment, occupants’ behaviors when encoun-
tering thermal dizcomfort, and their trade-off behawviors regarding
paying energy bills and their living quality.

Energy burden (EB) was defined as the percentage of gross house-
hold income spent on energy costs [40]. In this study, EB quantified the
portion of a household's monthly income allocated to uhility expenses
such as electricity, water, and gas in February 2021. We collected data
on their income and energy bill costs to estimate participants” EB.

Built environment was assessed by the level of respondents’ agree-
ment or disagreement with the 7 types of statements about their housing
quality during the pandemie, ineluding (1) lacking air quality /ventila-
tion; (2) felt too cold at home; (3) weak roof and/or had leaks; (4)
dampness and/or mold; (5) water never hot enough; (6) madequate
lighting; and (7) noise. These seven variables were further averaged to
represent the indicator of “built environment” based on the factor
analysis results, as shown in Table 2.

Perceived thermal discomfort was measured by the frequency of
temperature-related issues and behaviors subjectively perceived and
acted upon by participants. Sinee thermal comfort 1= one of the primary
factors influencing occupant health, well-being, and productivity in
buildings [a30], this study conducted deeper investization regarding the
aspect of thermal comfort. Perceived thermal dizcomfort was the
average score of the varables including (1) felt uneomfortably cold for
extended periods at home; (2) keep an unsafe or unhealthy temperature
(3) had to put on more clothes, wrap up in blankets, or use a hot water
bottle to stay warm; (4) could not bathe or wash hands because water
was too cold. These four variables were also averaged to represent the
indicator of “built environment” based on the factor analyeiz results
(Table 2).

Heating insecurity serves as a crucial indicator encompassing not
only the phyeical aspect of inadequate heating but also reflecting zo-
crolomeal and peychological insecunties stemming from EB and finan-
cial constraints. This mulbfaceted metric measures the frequency of
various challenges, including (1) Disconnection threatens from utilities;
(2) unable to heat due to broken equipment; (3) choose between paying
bills and buving necessities (e.g. food, medicine, childeare); (4) skipped
meals for paying utility bills (5) uncomfortable temperature setiing for
encrgy saving. Factor analyeiz (as detailed in Table 2) reveals that the
average of these five vanables effectively represents the composite in-
dicator of “heating ineceurity™.

In addition, thiz study dummy coded the following wvariables to

OLIH oOMIH OHIH

4
38.8% o

n6.3%

Parcentage of Survay Paricijants

non-ADP

ADP

Fig. 2. Proporton of ADPs/non-ADPs across income groups.
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Table 2
Factor analyziz results of key variables.

Variahles

Mean ED. Factor
Loading
houwsing quality during the pandemic?}
Cronbach’s a = 0.B8; Composite Mean = 2.13

Lacking air quality/vensilation 231 104 059
Pelt too cold 245 114 077
Weak roof and for had leaks 1.84 107 0.75
Dampness and,/or mold 220 129 075
Water never hot enough 200 112 083
tnadequate Lighting 192 103 0853
Modce 223 121 070
Parcetved thermal di tforts {people’s perception])

Cronbach’s & = 0.86; Composite Mean = 2.091

Pelt uncomfortably cold for extended periods at 16 112 091

home

Could not bathe or wach hands becanze water waz 1.54 o093 073
oo cald

Had to put on more clothes, wrap up in blanketn, or 255 123 0B84
nze a hot water bottle to atay warm

Keep an ungafe or unhealthy temperature 211 118 086

Heating tnsecurilyr (reloted fo budget, money)
Cronbach’s a = 0.86; Composite Mean = 1.645

Dizconnection threatens from utilities 1.35 o084 079

Unable to heat due to broken equipment 1.51 096 0Bl

Choooe between paying bills and buying necesgities  1.64 106 088
(e.g. food, medicine, childcare]

Skipped meals for paying utility billa 162 L4 084

Uncomfortable temperatore setting for energy 211 L17 070
aaving

conduct certain specific statistical analyeiz. Specifically, we created the
dummy wariables for ADPe and non-ADPe, where “1° indicated
belonging to the ADPs and “0° repregented the non-ADPe. Individuals
whose EB > 6% are categonzed into HEB groups, dummy-coded az HEB
= 1, while their counterparts were represented as non-HEB, dummy-
coded az 0. When conducting the chi-square tests of independence to
assess whether participants encountered issues related to our key van-
ablez or their detailed items, we defined and dummy-coded the variables
with answers regarding agreement and frequency as the categories of
ves/no. Specifically, for built environments, the answer of “neutral”,
“agree”, and “strongly agree” are dummy-coded as ves = 1, while
“dizagree” and “strongly disagres” are dummy-coded as no = 0. In terms
of “heating insecurity” and “thermal discomfort™ with answering the
frequency, the answers of “sometimes”, “often”, and “always™ are
dummy-coded as yes = 1, while “rarely” and “never” are dummy-coded
as no = 0.

4.3.2 Statistical modelz and test

This study vtlized the following statistical models, including Crdi-
nary Least Squares (OLS) linear regression models, chi-equare tests of
independence, az well as one-way and two-way analysiz of varance
(ANOVA) models.

The OLS lincar regression model with control variables aims to es-
timate the relationship between a dependent variable and an indepen-
dent wvariable while accounting for the potential influence of control
variablez, which iz a commeon and valid approach in statistical analysis
to obtain more accurate and reliable estimates of causal effects of pre-
dictors on dependent variables. In this study, all the models controlled
for the effects of race, gender, and education.

A chi-square {12} test of independence is a type of Pearson's chi-
square test. It iz conducted to assess the likelihood of a relationship
between two categorical wariables (Eq. (1]). These tests are based on the
observed frequencies, which represent the actual counte of obeervations
in each combined group of the variables being studied. By comparing the
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obeerved frequencies to the expected frequencies under the assumption
of independence, chi-square tests help determine whether there iz a

2
Xi= Z@ (1)

where X iz the chi-square test statistic, O iz the obeerved frequency, and
E 15 the expected frequency.

One-way and two-way ANOVA models were utilized to explore the
group differences and how combinations of two independent variables
impact a dependent variable. Specifically, a one-way ANOVA model 1z
used to compare the means of two or more iIndependent groups, aiming
to determine whether there iz statistical evidenee that the associated
population means are significantly different. On the other hand, a two-
way ANOVA i1z designed to assess the interrelationship of two inde-
pendent variables on a dependent wvariable, allowing us to compare
multiple groups formed by the interaction of these two factors.

In addition, we used the Pearson correlation coefficient, which
measures the linear correlation between two sets of data, to explore the
relationshipe between variables. The strength of the association between
the two wvariables 1= reflected in the Pearson correlation coefficient (r).
The closer r is to either +1 or —1, the stronger the positive or negative
relationshap, respectively. The r = 0 indicates no assorciation betwesn
the two wariables [41]. The Pearson correlation cocfficient can be
expressed by Bqg. (2).

e L& -7 (2)

v E (II- _E}l E |:}',- _F}l

where r is the correlation coefficient, x; is the values of the x-variable in
a sample, ¥ iz the mean of the values of the x-variable, ¥; iz the values of
the y-variable in a sample, ¥ iz the mean of the values of the y-vanable.

5. Results and discussion

To clanfy the proposed research questions, the following results
detail the findings of various statistical analyees, which aim to elucidate
the connections between energy usage and the multifaceted challenges
experienced by the ADPe in relation to their living environment, thermal
comfort, and heating behaviors.

5.1. Relatonzhip between energy burden and key variables

Corresponding to our first research question, a series of OLS linear
regression models was used to investigate the relationship between EB
and the environmental and financial factors for the entire cample. These
factors encompassed the built environment, percerved thermal discom-
house, as well az heating insecurity issues related to cccupants” behav-
1ors and budgets. Specifically, each OLS regression model used EB as the
independent variable and built environment, heating insecurity,
perceived thermal discomfort as the dependent varables; besides, these
models accounted for potential confounding factors, including gender,
ethnieity, and education. The regression results are presented in Table 3,
and all the regression models indicated that EB iz eignificantly related to
the three dependent variables. Qur analyesie revealed a noteworthy
finding that individuale with a higher BB exhibited a greater degree of
concern regarding heating insecurity (B = 0.202; p < 0.001) compared
to their counterparts. Thiz cutcomes underscores the miricate interplay
between energy using behawior, heating insecurnity, and well-being.
Additionally, the models highlight the challenges that individuals with
higher EB were more likely to experience built environment issues (B =
0.152; p < 0.001) and perceived thermal discomfort (B = 0.145; p <
0.001). Moreover, the standard errors for the poor built environment
(etd. error = 0.076), heating insecurity (std. error = 0.080), and
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Table 3
Results of OLS regression models.
Dependent wariahles Independent variable: Energy Burden
Standardized Coeff. Sud. F
(Be=ta]) Error
Built environment 0152 0.076 {1, 2567) =
61.259%*
Perceived thermal 0.145 0.069 (1, 2564) =
discomfort So.F13M
Heating Insecurity 0.202 0,080 (1, 3578} =
109 777

Note: All models are controlled for the effects of gender, ethnicity, and educa-
tion. *p < OLO5, **p < OLOT, ***p - O.OOI.

perceived thermal discomfort (std. error = 0.069) show that the results
obtained from the models are dependable. Consequently, addressing EB
comprehensively 1z not only about reducing financial strese but also
about addressing ite compound effects on residents” living quality and
well-being.

5.2, Comparizon of challenges faced by ADP: and non-ADPs

5.2.1. Energy burden

The distnbution analysis of EB for the entire scample reveals that the
average monthly EB for the entire cample was 4.6%, and the median was
3.7%. However, there was a wide range of EB values, with a minimum of
0.5% and a maximum of 28.9%. In terme of the EB of ADPs and non-
ADPz, the resultz show that ADPs (M = 5.5%, SD = 3.74) experienced
higher EBe than non-ADPe (M = 4.3%, 5D = 3.15), with statistically
cignificant, F (1, 2586) = 69.227, p < 0.00]. Our findings highlight the
considerable disparities in EB experienced by individuals across ADPs
and non-ADPe. Moreover, the higher EB observed among ADPs sigmifies
the added burden expericneed by thiz specific demographie, which
might be derived from their umique living pattern or enersy usage be-
hawviors. Our findings are in line with the previous studies that ADPs
often residing in less energy-cfficient homes and using less efficient
appliances, and therefore lead to higher EB. These results emphasize the
importance of targeted interventions and policies to address energy-
related economic dispanties and provide more equitable support to
those facing higher EB. Henee, our objective 1z to scrutinize the
cascading effects on living conditions stemming from EB and elucidate
the primary challenges encountered by the specific sulnerable popula-
tion (1.e., ADPz). Detailed analysiz results are presented in the subse-
quent sections.

5.2.2. Built emvironment, heating inzecurity, and percetved thermal
dizcomfort

Our investigation delved deeper into the extent of challenges related
to living quality faced by individuals classified az ADPe in comparizon to
their counterparts. We conducted independent chi-equare analyzes to

Mot suffering
these issues
A47.8%
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provide insights into both the varety and the number of issues simul-
tancously experienced by ADPs and non-ADPs, encompassing poor built
I t conditions, heating insecurity, and percerved thermal
dizcomfort. Our analysiz uncovered a stark contrast between these two
groups, with ADPs confronting a considerably higher extent of chal-
lenges (32 (3, 2578) = 272.273; p < 0.001). Specifically, as depicted in
Fiz. 3, a noteworthy 52 2% of ADPs experienced at least one of the 1ssues
defined in this study. Even more strilangly, a substantial 33.6% of ADPs
reported suffering from more than two of these izsues concurrently. In
stark contrast, only 23.2% of non-ADPe experienced at least one of these
iesues, and fewer than 10% of them encountered multiple types of
challenges, whether they pertained to poor built environment condi-
tions, heating insecurity, or perceived thermal discomfort. These find-
ings underscore the pronounced disparities in the challenges faced by
need of support systems to mitigate the multifaceted issues affecting the
well-being of vulnerable groupe.

Thiz study conducted a comprehenszsive investigation of the specific
challenge categories faced by both ADP: and non-ADPe. Referring to
Table 4, our findings reveal that “perceived thermal discomfort” iz the
most prominent challenge for ADPe, with 40.2% reporting such expe-
niences, followed by concerns related to the built environment (35.5%)
and heating ineecurity (24.8%). In contrast, among non-ADPe, 13.6%
encountered challenges related to perceived thermal discomfort and
poor built environment, while a mere 6.0% faced issuee aszociated with
heating insecurity. These stark differences underscore the varying

Table 4
Degrees of challenges within ADPs and non-ADPs.
Number of  Category of the isones Percentage Chi-square test
imes within the
groupe (36}
ADPa non-
ADPa
One Built environment 385 136 1 (1, 2588) =
191.591%*
Perceived thermal discomfors 402 13.6 (1, 2579) =
164.319%*
Heating insecurity 248 6.0 1 (1, 2585) =
179,685+
Two Built environment & heating 198 3.6 1 (1, 2565) =
insecarity 257986+
Built environment & 274 7.1 (2, 2585) =
perceived thermal discomfort 257986+
Heating insecurity & 221 50 (1, 2578) =
perceived thermal discomfort 166574+
Thre= Built environment & heating ~ 17.9 3.1 (1, 2578) =
insecurity & perceived IFD 2T
thermal discomfort

*p < 005, ¥p < 001, **¥p < 0.001.

MNon-ADPs

Not suffering these issues
76.8%

Flg. 3. Numbers of housing related issues faced by ADPz and non-ADPs.
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degrees of challenges faced by these two groups, with ADPs expen-
encing a considerably higher prevalence of living condition issues
compared to non-ADPe, highlighting the distinetive and pressing needs
of ADPs.

In the case of ADPs, it 1= noteworthy that an average of 23.1% re-
ported the concurrent experience of two distinet issues. Specifically,
within this group, 27 4% faced the compound challenges arsing from
the coexistenees of “built environment & perceived thermal discomfort”™,
22 1% encountered issues pertaring to “heating insecurity & perceived
thermal comfort”, and 19.8% confronted challenges related to the "bult
environment & heating insecurity”. These findings shed light on the
non-ADPe, the predominant concern revolves around the “built enwvi-
ronment and pereeived thermal discomfort”, while only 7.1% of non-
ADP: concurrently experiencing these two issues. This 1= followed by
the combination of "heating insecurity and pereeived thermal comfort”™
at 5.0%, and “built environment and heating insecunty” at 3.6%. For
those who reported grappling with all three issues simultaneously,
17.9% of ADPs reported such occurrences, whereas only 3.1% of non-
ADPz reported similar experiences. Notably, a significant disparity ex-
iste in the occurrence of these issues between mdividuals mn the two
groupe. Our Investigation underscores the necessity for tailored in-
terventions aimed at addressing the multifaceted challenges faced by
these targeted populations.

Uzing the One-way ANOVA model, this study analyzed the group
differences of the three dependent vanables between ADP: and non-
ADPz, the average scores of agreements for experiencing the poor
built environment, heating insecurity, and perceived thermal comfort
are chown in Fig. 4. For built environment issues, the one-way ANOVA
results demonstrate significant variation in the built environment across
ADPs and their counterparts, F (1, 2587} = 249.44], p < 0.001). ADPs
reported a higher average score that representsd experiencing poorer
built environment conditions, with the mean (M) of 2.57 (5D = 0.95),
comparing to the mean of 1.98 (5D = 0.77) of non-ADPs. ADPs are also
more likely to suffer greater izsues related to perceived thermal
dizcomfort in their house, with the mean of 2.55 (8D = 1.02) compared
to their counterparts (M = 1.93, 8D = 0.86). Lastly, heating insecunty
significantly differed between ADP:s and non-ADPs, F (1, 2584) =
362,971, p < 0.001, whach iz related to their finaneial budget for energy
use and the purchase of necessities, it reflects their trade-off behaviors
experience greater heating insecurity issues (M = 2.13, 5D = 0.08)
compared to non-ADPe (M = 1.48, 5D = 0.67). These findings reveal that
ADP: frequently encounter more severe, uncomfortable, and even un-
healthy living conditions in their homes, exacerbating the challenges
they face, especially in dealing with preexisting illnesses.

5.2. Clarify the detailed challenges tn buglt emvironment, percetved
thermal dizcomfort, and heating inzecuricy

To clucidate the foremost challenges within the domain of the bualt
environment, az well az to comprehensively explore the dimensions of

E Mon-ADPs ADFs

| —— 1.
Built ervironment La8

| -
Percelwed thermal discomfort s 255

P 145
Haating insacurity 213

o 1 z 3

Fig. 4. One-way ANOVA resultz of the built environment, perceived thermal
discomfort, and heating inzecurity.
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perceived thermal discomfort and heating insecurity experienced by
ADPz, our study conducted a ngorous investization into the nuanced
facets within these categories based on the independent chi-sequare an-
alyses. This methodical ingquiry served to identify and elueidate the
specific components and intricate details contributing to the heightened
severity of issues associated with the three key variables.

First, we delved into the details of the built environment As illus-
trated in Fiz. 5, the resulte reveal that a majority of ADPs expressed
concerns related to experiencing too cold in their homes (62.3%), fol-
lowed closely by issues regarding inadequate air quality and ventilation
(57.2%), as well as the presence of dampness and /or mold (52.8%). On
the other hand, among non-ADPz, the three most prevalent izsues were
feeling exceservely cold at home (36.2%), encountering poor air quality
and ventilation (35%), and expeniencing noise disturbances (29.736).
Additionally, the independent chi-square analysiz revealed a significant
relationship between each wariable and whether individuals are assis-
tance dependent (Takble 5). Comprehensively, inadequate indoor tem-
perature iz the eritieal issues for the entire sample, leading to the
thermal discomfort. While the types of issues are similar between the
two groups, a noteworthy distinction emerges — significantly fewer in-
dividual: among the non-ADP group reported suffering from these
problems. Theee findings aleo underscore the substantial challenges that
ADPs encounter within their bunlt environments when compared to their
non-ADP counterparts. Such dispanties point to the distinetive and often
more acute environmental challenges that ADP: must grapple with in
their daily lives.

Given that the majority of participants reported feeling excessively
cold in their homes, this study conducted a detailed investigation into
the dizparities among items within the varnable of “perceived thermal
dizcomfort”. These items were identified through factor analysic based
on survey questions related to subjective thermal discomfort perception.
Our aim was to uncover the underlying reazons and behaviors related to
their pereception of thermal discomfort. Based on the findings depicted in
Fig. 6, it is evident that a significant majority of ADPs (66_4%) reported
having a negative experience of needing to wear additional elothing,
wrap themselves in blankets, or use hot water bottles to maintain
warmth; on the other hand, a substantial portion of non-ADPs (46.9%4)
also encountered thizs particular challenge, which emerged as the most
prevalent issue shared by both groupe. The second and third most sig-
nificant challenges encountered by both groups are comparable that
ADPz and non-ADPs reported prolonged discomfort due to cold indoor
temperatures, followed by concermns related to mamtamming unsafe or
unhealthy temperatures within their homes. The discomfort associated
with cold water-related izsues exhibits a relatively minor impact among
revealed a signifieant relationship between cach varable within the 1s-
sues related to percerved thermal discomfort and whether individuals
are agsistance dependent (Table 6).

Heating insecurity exhibite a profound connection with finaneial
considerations, underscoring the intricate interplay between budgetary
constraints and the maintenance of a comfortable and safe living envi-
ronment. Referring to Fiz. 7, a significant 53.9% of ADPs reported
adjusting their home temperatures to uncomfortable levels to reduce
encrgy consumption, a percentage notably higher than that observed
among their counterparis (30.7%). Remarkably, 41.3% of ADPs faced
the dilemma of choosing between paying utility bills and purchazing
necessities due to budget limitations, a challenge zignmificantly less
prevalent among non-ADPs, where only 15.6% encountered a similar
predicament. Furthermore, 40.4% of ADPe were compelled to make the
distressing choice of sacnificing meals to fulfill ther ubhty payment
oblizations, while thiz situation was experienced by merely 12.9% of
non-ADPs. This composite measurement offers valuable insights into the
complex challenges faced by individuals in balancing their financial
resources with the need for adequate heating and well-being.
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Flg. 5. Comparizon of the built environment issues faced by ADPs and non-ADPz.

Table 5

Results of independent Chi-pquare analyzes for the built environment
Lacking air quality,ventilation ¥ (4, 35BB) = 121 5584+
Pelt too cold 1% (4, 25B8) = 175.702+*
Weak roof and/for had leaks ¥ (4, 35BB) = 131867+
Dampnese and,/or mold 1° (4, 3588) = 13734744+
Water never hot enough I (4, 2568) = 176,495
Inadequate lighting ¥ (4, 25BB) = 1868254+
Moize ¥ (4, 235B8) = 11075+

ip < 0.05, ¥p < 0.01, *p < 0.001.

5.4. Correlation perceived thermal dizcomfort and heating tnzecurity
within ADPz

Perceived thermal discomfort and heating insecurity chare a com-
mon nature as issues. The former pertaine to cccupants’ subjective
thermal perception, while the latter relates to cccupants’ behaviors
influenced by financial constrainte amd energy consumption. These
factors may result in a range of outcomes related to thermal perception.
The Pearson correlation coefficient between the two sete of 1tems within
these categories can aid in identifying potential causes and assessing the
relationship between associated difficulties. The vanables and their
abbreviations presented in Fig. £ are shown in Table 7.

Az shown in Fig. 8, the most pronounced correlations were identified
between "uncomfortable temperature setting for energy saving” and
“felt uncomfortably cold for extended pernods at home” (r= 0.74, p <
0.001). Additionally, a notable correlation was also observed with the
variable “keep an unsafe or unhealthy temperature™ (r = 0.73, p <
0.001). These findings imply that, in pursuit of reducing energy con-
sumption, individuals are inclined to set inadequate temperatures,
resulting in prolonged thermal discomfort, as well as the possibility of
homes. It iz Important to highlight that the receipt of dizconnection
threats from utilities 1= greatly correlated with the following factors:
having to choose between paying bills and purchasing necessities (r =
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0.64, p < 0.001), inability to heat due to broken equipment (r = 0.63, p
= 0.001), and inability to bathe or wash hands due to cold water (r =
0.54, p < 0.001). These correlations underscore the compounded impact
of financial constraints, which may prevent individuals from affording
the purchase or repair of essential heating and water equipment.

5.5. Interaction effectz of concentrated dizadvantage

This section aims to provide a more in-depth exploration to clarify
the connection between these housing-related issues and concentrated
dizadvantage We extended our analyziz to encompass three two-way
ANOVA models for the built environment, peresived thermal discom-
fort, and heating insecurity. These models incorporated demographic
interaction terme as independent wariables, exploring the interaction
effect of assistance-dependent status, EB, and homeownership. Specif-
ically, given that renters tend to experience higher EB in comparison to
homeowners [1], we embarked on an inveshigation into the interplay
among ADPs, non-ADPs, and their respective homeownership status.
Furthermore, with a particular focus on ADPs, especially those reliant on
electric medical deviees, the utilization of electrical aide and the ne-
cessity to charge batteries for mobility devices could potentially lead to
substantial cascading effecte on housing and living conditions, all of
which are intricately linked to BB.

Table 6
Results of independent chi-square analyzes for the perceived thermal discomfort.
lasues within p:nnu\rud' thermal discomfart Cﬂ:.l—nqume' test
Pelt uncomfortably cold for extended periods at home 17 (4, 2585) =
167 104+
Could not bathe or wash hands because water was oo cold 37 (4, 2585) =
2391144+
Had to put on more dothes, wrap up in blankets, oruse abot 37 (4, 2584) =
water bottle to atay warm 108385+
Feep an unsafe or unhealthy temperature 1504, 2382 =
161 461 ***

ip < .05, *ip < 0.01, *ip < 0.001
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Flg. 6. Comparizon of the perceived thermal discomfort izzues faced by ADP: and non-ADPs.
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perceived thermal dizcomfort and heating insecurity.

Table 7
Index of the varables thown in Fig. 2.
Abbreviationz Variahlea
Al Dizconnection threatens from wtilities
A2 Unable to heat due to broken equipment
A3 Choose between paying bills and buying necessities (e.g. food,
medicine, childcare)
Ad Bkipped meals for paying utility bills
AS Uncomfortable temperature setting for energy saving
Bl Pelt uncomfortably cold for extended periods at home
B2 Gould not bathe or wash hands becanse water waz too cold
B3 Had to put on more dothes, wrap up in blankets, or use a hot water
bottle to stay warm
B4 Feep an unsafe or unhealthy temperature

5.5.1. Aszsiztance-dependent status and high-rizk energy burden

The resulte of the first series of two-way ANOVA models were
analyzed to compare the mean scores for the three main issues among
ADPz, non-ADPs, and the interaction between these groupe baszed on
whether they are categorized az HEB or not (Fiz. 9). The two-way
ANOVA models demonstrated main effecte for assistance-dependence,
F (1, 2584) = 159.056, p < 0.001, and for the HEB, F (1, 2584) =
12917, p < 0.001, on the bult environment. Specifically, ADPe: with
HEB reported the highest extent of facing poor bmlt environment (M =
2.50, 8D = 0.91), followed by ADPs without HEB (M = 2.55, 5D = 0.97),
non-ADP: with HEB (M = 2.19, 5D = 0.76), and non-ADPs without HEB

Built
environment

Haating
Iinsecurity

Parceived thermal discomfort

Flg. 9. Interaction effectz of HEB and aszsistance-dependent status on the buile
environment, heating insecurity, and perceived thermal discomfort

(M =1.93, 5D = 0.76). These rezulte indicated that assistance-dependent
status 1= a more eritical factor than EB when predicting the conditions of
built environment. Simalarly, in the context of heating insecurity, both
ADPz, whether with HEB (M = 2.24, 8D — 0.97) or without HEB (M —
2.07, 5D = 0.98), reported significantly higher scores compared to their
non-ADP counterparts, including those with HEB (M = 1.7, 8D = 0.76)
and those without HEB (M = 1.42, SD = 0.63). [t 1= also statistically
significant for assistance-dependence, F(2, 2585) = 251.112, p < 0.001,
and for the HEB, F (1, 2585) = 35.421, p < 0.001, on the heating inge-
curity. In termes of pereeived thermal discomfort, with statistically sig-
nificant for aszistance-dependence, F (2, 2579) = 155.839, p < 0.001,
and for the HEB, F (1, 2579) = 20.424, p < 0.001, ADP: with HEB re-
ported the highest score (M = 2.64, 5D = 1.09), slightly exceeding ADPs
without HEB (M = 2.5, 5D = 0.98). Non-ADPz, both with HEB (M = 2.15,
8D = 0.92) and without HEB (M = 1.88, 8D = 0.84), reported shightly
lower scores in this issue compared to the built environment but higher
than in heating insecurity.

Among these three variables, a notable pattern emerged, under-
seoring stark disparities between ADP: and their counterparts. Thiz
striking contrast in reported scores between ADP: and non-ADPs,
regardless of their economic burden status, highlights the profound
impact of assistance-dependence. It 15 evident that being assistance-
dependent 1z a key factor in shaping individuals” concerns regarding
their housing condittons and perceptions, with ADP:z consistently
reporting higher levels of insecurity compared to their non-ADP
counterparts.
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5.5.2 Aszsiztance-dependent status and homeownerzhip

The second senies of two-way ANOVA models unveils the interaction
between ADPs, non-ADPs, and their respective homeownership status
(Fiz. 10). The results of the ANOVA modele also yvielded significant main
effects for homeownership status on the built environment, F (2, 2579)
= B7.539, p < 0.001, perecived thermal discomfort, F (2, 2570) =
47.958, p < 0.001, and heating insecurity, F (1, 2576) = 47.200, p <
0.001. Fiz. 10 illustrates that among the three categories, renters with
assistance-dependence exhibited the highest scores, with an average of
273 (SD = 0.87) for the built environment, 2.7 (SD = 0.99) for
pereeived thermal discomfort, and 2.29 (SD = 0.93) for heating inse-
curity. For homeowners, ADPe still reported encountering higher levels
of these izsues compared to non-ADPs. Specifically, homeowners with
assistance-dependence had a mean score of 2.38 (5D = 1.0) for the bult
environment, significantly higher than non-ADPs (M = 1.86, SD= 0.72).
In termsz of perceived thermal discomfort, the average scores for
homeowners with and without assistance-dependence were 2.4 (5D =
1.03) and 1.83 (5D = 0.82), respectively. It's worth mentioning that,
with respect to heating insecurity, both homeowners with and without
assistance-dependence reported comparatively lower scores in this
category, suggesting that they encountered fewer challenges associated
with budget concerns. These findings reveal that renters consistently
faced the highest challenges across categonies. Homeowners with
assistance-dependence also reported higher levels of 1ssues, notably in
the built environment. However, it's noteworthy that heating insecurity
appeared to be less of a coneem for homeowners, indicating fewer
budget-related challenges.

6. Discussion

Thiz study explored the connection between EB and individuals’
well-being, with a specific focus on ADPe. The dimensions of the bult
environment, heating insecurity, and perceived thermal dizcomfort
were encompassed, while also considering the influence of socio-
demographic factors. The key findings of the investigation on ADPs"
distinet set of challenges in their EBz and living conditions are summa-
nzed below.

1. Relationzhip between EE and itz intricate impact In this study, EB
demonstrates a significant relationship with the three key vanables,
namely the built environment, heating insecurity, and perceived
thermal discomfort, az mdicated by the regression results. This
finding highlights that EB not only impacts financial difficulties but

Built
environment

Haating
Insecurity

non-AlPe %

S men-ADPE

Parceived thermal discomfort

Fig. 10. Interaction effectz of homeownership and assistance-dependent stats
on the built environment, heating insecurity, and perceived thermal discomfore
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also compounds itz effects on residents” well-being. Consistent with
previcus research [1,24], individuals with higher EB are more likely
to encounter izsuce related to energy and internet secunty, tech-
nology, and housing burdens compared to their counterparts.
Therefore, it is imperative to promote healthier indoor environments
that inherently integrate well-being with energy consumption and
overall quality of life, aiming to achieve a mulb-dimensional
perspective on energy and hiving justice.

. Profound challenges for ADPs. Regarding the comparizon between EB

and the average scores of the three targeted variables among ADPs
and non-ADPs, our findinge indicated that ADPs reported higher EB
and poorer housing quality than their counterparts. Specifically,
ADPz appear to be an especially vulnerable group facing a range of
challenges, including subpar living conditions, the diffieult cholee
between paving bills and buving necessities, and inadequate indoor
temperature settings to save energy. These resultz align with previ-
ous studies, which have shown that ADPe often reside in less energy-
efficient homes with leaky structures and less efficient appliances
[25,32]. We further investigated the homeownership status among
mdividuals with ADPe to determine if there 15 an association between
their housing quality, energy efficiency, and homeownership status.
The results depicted in Fiz. 11 indicate that a higher percentage of
mdividuals with ADPs are renters (54.2%) compared to those
without ADPs (39.6%), as confirmed by a chi-square test result of 3°
(1, N = 2528) = 19.06; p < .001. Thiz result suggested that in-
dividuals with ADP= might be living in housing of poorer quality or
less energy-efficient, as rental properties can sometimes fall into
these categories for various reasons, including less incentive for
landlords to invest in energy efficiency compared to homeowners
who would directly benefit from such improvements. Moreover, in-
dividuals with disabilitiez, ezpecially those reliant on electric medi-
cal devices or those who struggle with thermoregulation difficulbies
in the absence of heating or cooling resources, exhibat heightened
vulnerability to the repercussions of energy insecurity [1]. These
findings highlight the profound challenges faced by ADPs in terms of
EB and their daily lives, compounded by their existing physical

. Most zevere izsues in budlt environment, percetved thermal dizcomfort,

and heating inzecurity. This study identified that the most prominent
concerns for ADPe are all related to inadequate temperatures. Most
ADPe reported homes that were too cold, requinng extra clothing,
blankets, or hot water bottles for warmth. They often adjusted their
home temperatures inadequately to reduce energy consumption.
Moreover, according to our correlation analysiz, the perception of
thermal discomfort is strongly related to the energy-saving behav-
iore. These results underscore the cntical challenges of thermal
comfort within the built environment, which iz closely linked to
energy expenses. During the COVID-19 pandemie, extended home
staye exacerbated these issues, especially for ADPs. Previous studies
have revealed that approximately 2 out of every 5 people with dis-
abilities could not afford their energy bills, leading them to cut
eszential household expenses, ike medicine or food, putting them at
rizk of further insecurities [23]. Recogmizing the primary concerns of
ADPz 1z instrumental in enhancing our comprehension of their
eszential needs, their responses to poor housing quality and energy
powerty.

. Concentrated dizadvantages in howsing izsues. The effects on the in-

teractions of high-risk EB and homeownership, as well az assistance-
dependent status are investigated to reveal the compound chal-
lenges. The results reveal that, regardless of whether ADPs have a
HEB or not, they faced more challenges than non-ADPs. This un-
derscores the greater predictive significance of assistance-dependent
statuz over EB in issues related to the built environment, heating
insecurity, and pereeived thermal comfort. Purthermore, it 1= sug-
gested that renters experienced higher EB compared to homeowners
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[1]. By combining assistance-dependent and home ownership status,
it becomes apparent that renters among the ADP: face the most
adverse conditions among the three key vanables. These findings
pinpoint ADPs with higher EB and those who rent their homes as the
most vulnerable populations concerning housing quality and overall
well-being.

Furthermore, the discovery that ADPs are more likely to experience
higher EB and live in poorer conditions iz of paramount importance.
Their trade-off behaviors, such as having to choose between paving
energy bills and purchasing food, medicine, or other necessities, and
maintaining their homes at unsafe or uncomfortable temperatures,
which compromizes their quality of life, can put individuals at greater
health rizks, especially during the COVID-19 pandemic [24,29]. Given
that ADPe already grapple with preexisting physical illnesses, it becomes
imperative to mitigate these additional health rizks and ensure the
provision of healthy and safe living condibons for sulnerable de-
environment.

7. Concluzions

Thiz study provided a comprehensive exploration of the profound
influence of Energy Burden (EB) and the built environment on individ-
ual well-being, with a specific emphazsiz on Assistance-Dependent Pop-
ulations (ADPs). By exploring the intersection of EB, housing conditions,
and the dishinctive challenges encountered by ADPs, this research ex-
pands the existing hterature on the well-being of vulnerable pop-
ulations, shedding light on their epecific needs in pursuing a safe and
healthy living environment We recognized the intricate relationships
between EB, housing, and mdividual welfare, emphasizing the mult-
faceted nature of this relationship. Addibionally, the research identified
crtical issues in the bwlt environment, heating insecurity, and
perceived thermal discomfort, encompassing living quality, financial
concems, and occupants” behaviors. These findings underscore the
essential need to address heating insecurity proactively to alleviate the
energy burden faced by ADPs. Consequently, the study highlizhts the
significance of targeted mterventions and policy mitiatives aimed at
enhancing energy efficiency and overall living conditions for ADPs, ul-
timately promoting sustamability and social well-being within this
commumnity.

The current study has certain limitations that may serve as a source
of inspiration for future research endeavors. First, it is important to note
that the survey data was gathered dunng the COVID-19 pandemic, a
factor that may have amplified the effecte of EB and individuals”
perception of discomfort regarding their housing quality. Second, this
study solely compared the impacts on ADPs and their counterparts, it is
expected to conduct further qualitative methods, such az focus groups,
interviews, or other methods, to deeper investizgate the built environ-
ment iezues of other underserved commumties without internet access.
Third, this study primanly focused on different levele of EB without
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comprehensively investigating income dispanties between ADPs and
non-ADPs. However, houscholds with varying income levels may
experience vastly different impacts from similar EBe. Thus, future
research is expected to Incorporate income considerations into energy-
and housing-related analyees to develop more effective and inclusive
solutions. Additionally, policymakers should recognize that in-
terventions aimed at mutizating enersy iInsecunties need to be tallored to
the epecific needs of lower-income households, as they may face greater
challenges in coping with high energy costs. Fourth, this study mainly
collected participants’ subjective perceptions of the built environment,
thermal discomfort, and heating insecurity issues. Our future study aims
to conduct a more comprehensive investigation, exploring the objective
phyeical building characteristics (e g., construction materials, year built,
ventilation systems, and conditioning installations) as well az the be-
haviors of vulnerable populations. Fifth, while this study made an effort
to alisn our sample with the demographic composition as closely as
poezible, it iz important to acknowledge that our zample may not fully
represent the broader population. Degpite thiz limitation, our statistical
analysiz haz revealed szignificant relationshipe between the groups
within our eample size. These findinge suggest that within the scope of
our study and the participants we were able to access, meaningful pat-
terns and relationships exist, even though they may not generalize to the
entire population due to the lmitations of our sample. This talored
approach recognizes that differing behaviors and living patterns within
these groups can result in distinet energy consumption patterns and
specific needs. Moreowver, due to the inereasing frequency of extreme hot
weather conditions duning the summer, people may have to spend more
time indoors. This ie especially true for vulnerable populations such as
those with electricity-dependent medical needs or dizabilities, who may
need to stay indoors for longer periods than others. As a result, this
phenomenon underscores the significance of our study in iInvestigating
and clarifying ernfical built environment issues for these vulnerable
populations.

To promote energy justice and equity in living conditions, our aim 1z
to advance research on the built environment that leads to the proposal
of appropriate housing design, retrofit strategies, and assistance pro-
grame for vulnerable populations and underserved communities. These
studies are expected to enhanee building performanes, with consider-
ation given to construction costs, energy efficiency, and overall well-
being.

CRediT authorship contribution statement

Wei-An Chen: Writing — review & editing, Writing — original draft,
Investigation, Formal analyeie, Conceptualization. Chien-fei Chen:
Writing — review & editing, Supervision, Punding acquizition, Data
curation. Mingzhe Liu: Writing — original draft, Visualization, Investi-
gation, Formal analysiz. Robin Rickard: Writing — orginal draft,
Investigation, Data curation.



We-A. Ghen et al

Declaration of competing interest

The authors declared no potential conflicts of interest with respect to
the research, authorship, and/or publication of this article. This manu-
seript has not been published and is not under consideration for publi-
cation elsewhere. All authors have read the manuseript and have
approved this submission. The authors report no conflicts of interest.
The authors also confirm that any necessary permissions have been
obtained.

Data availability

The data that has been used iz confidential

Acknowledgement

C.-F. Chen thanks her supported from the Enginesring Resecarch
Center Program of the U.S. National Seience Foundation (M5F) and the
Department of Energy under NSF award BEEC-1041877 and the CURENT
Industry Partnership Program and NSF CMMI 2124857, C.-F. Chen also
thanks the support of U.5_/UK Fulbright Global Scholar Award.

References

ni

[=1

[31

[4]

[51

[s]

[8]

=1

[1a]

[11]

[12]

[13]

[14]

[15]

C. fizil Chen, J. Oreig, H. Neloon, P. Li, When dizsadvantage collides: the concentrated
mﬂwmﬂmmhhuﬂﬁﬂmmh.
Social Bci 91 (Bep. 2023), hrtpe//doi org/1
D. Hernandes, Umiumﬂng'mﬂgyi:nunmq a.nd'why:l.tmm In]::ﬂl'ﬂl, Soc.
Seci Med. 167 (Oct. 2016) 1-10, httpa:/ /doiorg,10.1006,5.
sococimed 3016.08.029.
D. Hernamidez, Energy insecurity: a framework for undermtanding energy, the built
enwironment, and health among vulnerable p-upula'l:.nnn in the context of climate
change, Am J_ Publ Health 103 {4) (2013), hetpe://doiorg 10,2105/
AJPH.2012.301179. American Poblic Health Association Inc.
Z. Pang, M. Cuo, B. Smith-Cortez, T. O'Neill, Z. Yang, M. Lin, B. Dong,
Cuantification of HVAC energy savings through occupancy presence sensors in an
apartment getting: Field testing and inverse modeling approach, Energy Build. 302
(2024) 113752
B.L. Hwang, W_A. Chen, Creating glazed facades performance map based on energy
bhumid climate zone, Appl. Energy 311 (Apr. 2022), hetpe://doiorg, 101006,
apenergy. 2022.1135639.
hot-hrmid dimates, Build Environ. 226 (Dec. 202%), httpe: //doiacg/10.1016/5.
builderrs. 20D 1 00654
M. Seyedrenaei B. Becerik-Oerber, M. Awxda, 5. Contreras, 0. Boeing, Equity in
the built environment: a syztematic review, Build. Environ. (Mow. 2023) 110827,
hittpa://doi.org,10.1016,5. buildem: 2023.110827.
B. Thang, et al, Dampnem and mould in Chinese homes and zick building

drome (GBE) aymp mahmn\nﬂ:.dma‘h:,ﬁlmﬂymdm.mgmi
vumlmbuﬂd. Emviron. 245 (Now. 2023), httpe//doi org/ 10,100 6,5.
buikiers. 2023110675
M. Oraff, &. Carley, D.M. Fonishy, T. Memmott, Which households are energy
inoecure? An empirical anabyeic of race, housing conditions, and energy burdens in
the United Statea, Brergy Breo. Social Eci. 79 (Sep. 20211, hetpe,//'doi_org/10. 1016/
joerae 2021102144,
M. Liu, B Doka, W. Choi, 5. lkeda, Experimental and numerical investigation of
energy saving potential of centralized and decentralized pumping systems, Appl.
Energy 251 (20190 113359,
5. Awawaryi Churchill, B Smyth, T-A. Trinh, Energy poverty, temperature and
climate change, Energy Beon. 114 (Oct) (302, httpe:,//doiarg /10.1016/].
eneco 2023 106306
The WELL Building Standard +1, vol. 1. Intemational WELL Building Instinute,
2016,
I50/TC 163, 150 177721 "E'I"' Energy Performance of Buildings Indoor
Enwironmental (ality, Part 1: Indoor Environmental Input Parameters for the
Degign amd Asoemment Dt'Erm\- Performance of 3'.1.i;.'_L'1.3'~_. 2017.
EM 16793-1, Energy Performance of Buildings. Ventilation for Buildings - Indoor
Enwironmental Input Parameters for Design and Assesoment of Energy Performance
of Buildingz Addressing Indoor Air (Juality, Thermal Environment, Lighting and
Acoustice, BS1, 2019,
B. Caboveka, D Teli, J.O. Dalenback, 5. Langer, L. Bkherg, A smdy on the
relationship betwesn energy performance and 1B} parameters in achool buildings,
in: E3& Web of Conferences, EDP Gciences, Mar. 2021, httpe://doi org 10010517
edoconf/ 2021 24601 D06,

13

18]

[17]

[18]

[19]

[20]

[21]

[23]

[24] T.

[26]

[28]

[25]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[35]
[40]

[41]

Building ond Emvironment 254 (2024) 111385

R.L. Hwang, W.J. Lizo, W_A. Chen Optimization of energy use and academic

performance for educational environments in hot-humid climates, Build. Emviron.

222 (Ang. 2022), hetpo://doiorg,/ 101016, buildeny 2022 109434,

). Carton, J. Folarik, H. Eﬂuﬂ:‘h,ﬂna];unnfun:npﬂntn‘hn&:hmlnﬂ:.IEQm

redidential buildings, in- REHVA 14th HVAC Warld Congrem, May 2022, httpa://

doiorg/10.34641 /clima 2022 135,

R.L. Hwang, W.A_ Chen ¥.T. Weng, Strengthening Taiwan's green building

certification gystem from aspects of productivity and energy coots to provide a

healthier workplace, Atmosphere 13 (1) (2022) 118,

R.L. Hwang, W.J. Liao, W_A. Chen, Optimization of energy use and academic

performance for educational environments in hot-humid climates, Build. Emviron.

223 (2022) 109434,

R.L Hwang, W.A. Chen, ¥.T. Weng, Strengthening Taiwan'z green building

certification gystem from aspects of productivity and energy costn to provide a

healthier workplace, Atmosphere 13 (1) (Jan 2022), httpe-//doiorg/ 10,3350,

atmoel 3010113,

dizasters on sulnerable p i nfl.rh:mnn'\c, J. Hum

Behav. Soc. Emrl.mn_mﬂ} (Dt 2019] M] httpa:/ /doiorg, 10.1080,

10911359.2018. 1527739

5. Carley, D.M. Fonisky, The justice and equity implications of the clean energy

tramgition, Nat Bnergy 5 (3020) 568577, htepe://doi_org/10.1038/241560-020-

0654-7.

19 pandemic, Bnergy Res. Bocial B 92 (Oct. 2027), hrtpe///doi org 10, 10167,

erm. 2022 102806,

mﬂgm@mlﬂmhﬂmﬂ:ﬂlﬂnbﬁmmmﬁe COVID-19

pandemic, Nat. Boergy 6 (2) (Peb. 2021) 186193, httpa://doiorg/ 1001035/

241 560-020-00763-9.

C. fei Chen, X. Xu, L. Adua, M. Brigge, H. Nelson, Exploring the factorn that

influence energy use intengity across low-, middle-, and high-income howseholds in

the United States, Energy Pol. 168 (Sep. 2022, httpe://doi org/ 1010167,

enpal 2022 113071

M. George, C. Graham, L Lennard, The Bnergy Penalty: Dimbled People and Puel

Powerty, University of Leicester, Jun. 2013 [Online]. Awailable: v L= ac nk,

J. Malik, B Bardhan, T. Hong, M.A. Piette, Contextualizing adaptive comfort

2000), httpe-//doi org/10.1016/5. buildeme. 2020, 106577

E_ Chen, C. Feng, Linking houzing conditions and energy poverty: from a

pemspective of household energy self-restriction, Int. J. Environ. Res. Publ Health

19 (14) hul 207), hetpe//doiorg/10.3390,Terph1 9148254,

Z. Shen, C. fei Chen, H. Thou, N. Fefferman, 5. Shrestha, Community vuherability

iz the key determinant of diverce energy bundens in the United States, Energy Bles.

Eocial Boi 97 (Mar. 2023), httpe://doi_arg/10. 1016/.exa 2025, 102545,

R Garg, & Mc(ueen, J M. Walff, KE. Skinner, M.C. Kegler, MW. Freuter, Low

houging quality, unmet social needs, stress and depreszion among low-income

emokern, Prev Med Rep 27 (Jun. 2022), httpe://doiorg/ 10.1016,7.

pmedr 2022 101767

L Huang, . Modk, 5. Cong, ¥. (Lucy) (i, Inequalities acrom cooling and heating

in households: energy equity gaps, Energy Pol. 182 (Nowv. 2023), hopa://doiorg

10,1016, enpol 2023.113748.

T.0. Reames, Targeting energy justice: exploring spatial, racial fethnic and

socioeronomic disparities in urban redidential heating energy efficiency, Energy

Pol. 97 (Oct. 2016) 545558, hetpe//doi arg/10. 1016/ fenpal 2016.07.048.

5W. Caron, et al | Indoor air pollution exposure iz amsociated with greater

maorbidity in cyetic fibroais, J. Cyet. Fibroo. 21 (2) (Mar. 2022) e129-2135, hepa:/

doiorg,10.1016,j.jcf. 2021 .08.015.

B.l. John, et al , Monitoring indoor air quality using smart integrated gas senoor

maodule (G5M) for improwing health in COPD patients, Environ. Sci Polhat.

Control Ser. 30 (11) (Mar. 2023) 28889 28002 hrrpe//doiorg/ 10,1007 /211

022-24117-y.

S.J-:nnzLS Sa.wgcr,D Hernandes, Energy, poverty, and health in climate change:
review of an emerging li Front. Public Health 7 (Dec. 12,

50] 9), httpe://doiorg/10.3389, fpubh 2019.00357. Prontiers Media 5.4

T. Hong, D Yan, 5. I"Oca, C. fei Chen, Ten questions conceming ocoupant

b:hmmhuﬂdmp:ﬂ!hlgpm Build. Bnviron. 114 (Mar. 2017) 518-530,

hetpa://doiorg,10.100 6, buildenn. 201 6.1 2 006,

electricity in the United States, Energy Pol. 37 (11) (Now. 2009) 4500-4513,

hetpe://doiorg/10.1016/f.cupal 2009.05.073.

Complete Dissertation by otatistics solutiona, “Factor Anabysin ™ [Online].

Awailable: httpa:/ fwmsr.statioticesolutions. com, free-resources, director

v-of-gtatizstical-analyoes, Tactor-analyzia,/ #: —text=Factor¥20analymis¥ 20z I0a

B2 0technique, this¥ M ecor=# 20for¥ 20 further 2 0analyyia.

T. Brown, Confirmatory Pactor Anabrsiz for Applied Research, second ed, 20150

State and Local Solution Center, Low-Income Commumity Bnergy Solutions, 2022

[Omline]. Available: b ! Farwrer energy. gov, scep, oo, low-income-commumity-

energy-solutions.

C.¥. Piaw, Mastering Recearch Statistics, MoOraw-Hill Education, Malagmia, 2013,

356-



https://doi.org/10.1016/j.erss.2022.102713
https://doi.org/10.1016/j.socscimed.2016.08.029
https://doi.org/10.1016/j.socscimed.2016.08.029
https://doi.org/10.2105/AJPH.2012.301179
https://doi.org/10.2105/AJPH.2012.301179
http://refhub.elsevier.com/S0360-1323(24)00227-0/opt0HEoc8L4sZ
http://refhub.elsevier.com/S0360-1323(24)00227-0/opt0HEoc8L4sZ
http://refhub.elsevier.com/S0360-1323(24)00227-0/opt0HEoc8L4sZ
http://refhub.elsevier.com/S0360-1323(24)00227-0/opt0HEoc8L4sZ
https://doi.org/10.1016/j.apenergy.2022.118689
https://doi.org/10.1016/j.apenergy.2022.118689
https://doi.org/10.1016/j.buildenv.2022.109684
https://doi.org/10.1016/j.buildenv.2022.109684
https://doi.org/10.1016/j.buildenv.2023.110827
https://doi.org/10.1016/j.buildenv.2023.110878
https://doi.org/10.1016/j.buildenv.2023.110878
https://doi.org/10.1016/j.erss.2021.102144
https://doi.org/10.1016/j.erss.2021.102144
http://refhub.elsevier.com/S0360-1323(24)00227-0/optHWZ8obPz2T
http://refhub.elsevier.com/S0360-1323(24)00227-0/optHWZ8obPz2T
http://refhub.elsevier.com/S0360-1323(24)00227-0/optHWZ8obPz2T
https://doi.org/10.1016/j.eneco.2022.106306
https://doi.org/10.1016/j.eneco.2022.106306
http://refhub.elsevier.com/S0360-1323(24)00227-0/sref11
http://refhub.elsevier.com/S0360-1323(24)00227-0/sref11
http://refhub.elsevier.com/S0360-1323(24)00227-0/sref11
http://refhub.elsevier.com/S0360-1323(24)00227-0/sref12
http://refhub.elsevier.com/S0360-1323(24)00227-0/sref12
http://refhub.elsevier.com/S0360-1323(24)00227-0/sref12
http://refhub.elsevier.com/S0360-1323(24)00227-0/sref12
https://doi.org/10.1051/e3sconf/202124601006
https://doi.org/10.1051/e3sconf/202124601006
https://doi.org/10.1016/j.buildenv.2022.109434
https://doi.org/10.34641/clima.2022.125
https://doi.org/10.34641/clima.2022.125
http://refhub.elsevier.com/S0360-1323(24)00227-0/optMV4lWIpJQd
http://refhub.elsevier.com/S0360-1323(24)00227-0/optMV4lWIpJQd
http://refhub.elsevier.com/S0360-1323(24)00227-0/optMV4lWIpJQd
http://refhub.elsevier.com/S0360-1323(24)00227-0/opttldUdLCvMz
http://refhub.elsevier.com/S0360-1323(24)00227-0/opttldUdLCvMz
http://refhub.elsevier.com/S0360-1323(24)00227-0/opttldUdLCvMz
https://doi.org/10.3390/atmos13010118
https://doi.org/10.3390/atmos13010118
https://doi.org/10.1080/10911359.2018.1527739
https://doi.org/10.1080/10911359.2018.1527739
https://doi.org/10.1038/s41560-020-0654-7
https://doi.org/10.1038/s41560-020-0654-7
https://doi.org/10.1016/j.erss.2022.102806
https://doi.org/10.1016/j.erss.2022.102806
https://doi.org/10.1038/s41560-020-00763-9
https://doi.org/10.1038/s41560-020-00763-9
https://doi.org/10.1016/j.enpol.2022.113071
https://doi.org/10.1016/j.enpol.2022.113071
http://www.le.ac.uk
https://doi.org/10.1016/j.buildenv.2020.106877
https://doi.org/10.3390/ijerph19148254
https://doi.org/10.1016/j.erss.2023.102949
https://doi.org/10.1016/j.pmedr.2022.101767
https://doi.org/10.1016/j.pmedr.2022.101767
https://doi.org/10.1016/j.enpol.2023.113748
https://doi.org/10.1016/j.enpol.2023.113748
https://doi.org/10.1016/j.enpol.2016.07.048
https://doi.org/10.1016/j.jcf.2021.08.015
https://doi.org/10.1016/j.jcf.2021.08.015
https://doi.org/10.1007/s11356-022-24117-y
https://doi.org/10.1007/s11356-022-24117-y
https://doi.org/10.3389/fpubh.2019.00357
https://doi.org/10.1016/j.buildenv.2016.12.006
https://doi.org/10.1016/j.enpol.2009.05.073
https://www.statisticssolutions.com/free-resources/directory-of-statistical-analyses/factor-analysis/#:~:text=Factor%20analysis%20is%20a%20technique,this%20score%20for%20further%20analysis
https://www.statisticssolutions.com/free-resources/directory-of-statistical-analyses/factor-analysis/#:~:text=Factor%20analysis%20is%20a%20technique,this%20score%20for%20further%20analysis
https://www.statisticssolutions.com/free-resources/directory-of-statistical-analyses/factor-analysis/#:~:text=Factor%20analysis%20is%20a%20technique,this%20score%20for%20further%20analysis
http://refhub.elsevier.com/S0360-1323(24)00227-0/sref36
https://www.energy.gov/scep/slsc/low-income-community-energy-solutions
https://www.energy.gov/scep/slsc/low-income-community-energy-solutions
http://refhub.elsevier.com/S0360-1323(24)00227-0/sref38

	Unraveling the complexities: Impacts of energy burden on the built environment challenges among assistance-dependent popula ...
	1 Introduction
	2 Literature review
	3 Purpose of the study
	4 Methodology
	4.1 Survey procedures
	4.2 Participants’ demographics and the definition of ADPs and non-ADPs
	4.3 Procedure of measurement and statistical analysis
	4.3.1 Key variables
	4.3.2 Statistical models and test


	5 Results and discussion
	5.1 Relationship between energy burden and key variables
	5.2 Comparison of challenges faced by ADPs and non-ADPs
	5.2.1 Energy burden
	5.2.2 Built environment, heating insecurity, and perceived thermal discomfort

	5.3 Clarify the detailed challenges in built environment, perceived thermal discomfort, and heating insecurity
	5.4 Correlation perceived thermal discomfort and heating insecurity within ADPs
	5.5 Interaction effects of concentrated disadvantage
	5.5.1 Assistance-dependent status and high-risk energy burden
	5.5.2 Assistance-dependent status and homeownership


	6 Discussion
	7 Conclusions
	CRediT authorship contribution statement
	Declaration of competing interest
	Data availability
	Acknowledgement
	References


