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A B S T R A C T   

Energy literacy scholarship has taken on the notable challenge of understanding and influencing the way people 
think about and consume energy to develop more sustainable energy systems. The idea is that information and 
understanding are the primary missing links between our current society and a future, more sustainable popu
lace. Recent work in this field, however, has presented evidence to the contrary, throwing the value of current 
frames and programs of energy literacy into question. In this paper, we identify productive tensions and con
ceptual affinities between energy literacy and energy vulnerability and suggest, as a way forward, their explo
ration through the use and development of an energy ecology framework. The energy ecology framework focuses 
ethnographic and analytical attention to the place specific dynamics of energy infrastructures, access, and use 
that shape people's relationships to themselves, to other humans and non-human life, to materials and objects, 
and to their environment. This paper focuses on the energy literacy of more vulnerable energy users who 
experience inadequate access to affordable and reliable energy services, and also may have less financial and 
material resources to buffer harm. We use this data to argue that pinning energy literacy to energy vulnerability 
foregrounds how the knowledge, skills, and practices of relevance to energy literacy change over time and over 
the course of life, based upon one's changing position within different energy ecologies and also based upon 
changes in the relations within and across the open systems of which each energy ecology is composed.   

1. Introduction 

For decades environmental and climate scientists have warned us 
that climate change is an existential threat, that the global economy will 
need to both quickly and dramatically reduce (or even sequester) carbon 
emissions to avoid its more detrimental societal and ecological impacts. 
What this means on the ground is that people, industries, even whole 
societies will have to make significant changes to the way they relate to 
and consume energy. 

Most scholars of energy agree that culture is the primary domain in 
which environmental sustainability efforts are attempting to intervene 
[1–7], but the mechanisms by which cultures change are as many as they 
are complex. Furthermore, unrecognized cultural assumptions often 
characterize and misguide efforts to understand and make use of these 
dynamics in any sort of pragmatic fashion. 

One of the more prominent strains of intervention into energy 

practices has been framed in terms of developing or improving energy 
literacy. A core assumption about energy literacy is that people's com
placency about domestic carbon emissions lies in their superficial un
derstandings of energy systems, including their own forms of 
participation in their reproduction [3]. Numerous social scientists have 
sought to test this basic hypothesis through empirical investigation 
[9–13]. Surprisingly, however, some scholars conclude from these in
vestigations that the data does not necessarily support a correlation 
between increased energy literacy and increased sustainability [5,14]. 

Such conclusions beg important questions, including how the 
concept of “energy literacy” should be conceived and qualified. In a 
recent review of the current literature, behavioral psychologist Karlijn 
van den Broek suggests that an “energy literate person can be someone 
who knows the energy consumption of their domestic appliances, knows 
with what actions they can save energy in their home, knows how to 
make economic energy efficient decisions or knows about the relation 
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between energy use and climate change” [6]. Van den Broek then de
velops a typology of literacies that includes device efficiency, financial 
impacts, and broader environmental dynamics between energy pro
duction and consumption; indexing a diversity of energy literacies in 
this fashion makes headway towards expanding the types of knowledge 
that may fall under the energy literacy concept. In this article, we build 
on what van den Broek [6] has called multifaceted energy literacy by 
taking an empirical approach that analyzes the diverse forms of literacy 
developed in the context of (and in response to) the ever-emergent 
vulnerabilities of dynamic energy ecologies. We continue to expand 
the range of relationships that matter for energy literacy by describing 
how energy systems are entangled with other interdependent and 
localized systems that implicate a broader range of relationships beyond 
the home. 

We use data from our research on energy vulnerability in Philadel
phia to develop energy ecology as a theory/method package [15]1 that 
shifts how energy literacy is defined in research. By highlighting how 
energy vulnerability both frames and shapes multiple scales of rela
tionality and positionality while also emphasizing the capacity for sys
tems to intersect and shift, the approach is both descriptive enough to 
allow for critical analysis of configurations of real-world processes and 
flexible enough to attend to difference in terms of their more emergent 
or unstable qualities. In this case, we take an energy ecology approach to 
frame energy literacy as a form of systems awareness that calls for a 
simultaneous pluralization and politicization of energy expertise. 

Using an energy ecologies framework we discuss an experimental 
project undertaken during the COVID-19 pandemic in the US Mid
Atlantic region.2 Critically, the project focused on perspectives and ex
periences that have been less visible in energy literacy research, 
including transitional living and working conditions, threats of utility 
shutoffs, and preparation for service disruptions. This comes from our 
pinning energy literacy to energy vulnerability [16–19], which Day and 
Walker describe as “the variability of circumstances and processes 
through which problems of access to sufficient and affordable energy are 
manifest,” a term that “has the potential to work across many different 
national and regional settings” [17]. In other words, we look beyond the 
domestic appliances, conservation strategies, and financial consider
ations that dominate energy literacy research to show how these ma
terial artifacts, household practices, and understandings of energy 
within the home can be connected to state assistance programs, utility 
company policies, infrastructural insecurity, and the work of community 
organizations. These relationships, we argue – between domestic prac
tices in the home and energy suppliers, social service organizations, and 
community educators – require a broader yet more nuanced under
standing of relations to and within energy systems than has been 
considered in more conventional definitions of energy literacy. 

2. An ecology of energy literacies 

2.1. Resituating energy literacy research 

One way of critically engaging our current conception of energy 
literacy is to resituate it within the history of shifting models, motiva
tions, and rationales of energy education programming. Tracing these 
developments, we discern how concerns for and about energy literacy 
have consistently derived from energy vulnerabilities but, convention
ally, only as these vulnerabilities have emerged at macro, geopolitical, 

and eco-environmental scales, rather than the household as Day and 
Walker and others use the terms. This focus on macrological vulnera
bilities influenced the cultivation and deployment of energy literacy as a 
normative disciplinary technique of environmental and energy gover
nance.3 We close this section by arguing for a reversal in this direc
tionality, where energy literacy is cultivated from the ground up, taking 
shape around the particular vulnerabilities of households, uniquely sit
uated in particular energy ecologies. 

Growing concern with energy literacy can be traced back to the 
1970s oil crisis, when energy conservation programming became public 
policy in K-12 schools in the United States, and experts from a range of 
sectors began advocating for a more energy knowledgeable public 
[20–23]. This marked a shift from previous forms of energy literacy 
programming, found in the home economics movement [24], as well as 
in efforts to modernize rural communities [25], both of which reflect 
state concern over educating publics about energy and the use of 
emerging technologies. As energy users became more removed from 
working with the fuel used to heat and light the home, new mechanisms 
were needed to bridge the sizable gap between the numbers on resi
dential utility bills and energy use in the home. This was seen as an 
urgent national concern amid international energy insecurity related to 
fuel cost and reliability, a concern that has persisted amid shifting crisis 
frameworks. 

The most common “hook” for compelling consumers to conserve 
energy was presented as financial savings and/or environmental bene
fits. To this day, studies of energy conservation often assess motivation 
for energy savings efforts – whether conservation or, in recent decades, 
efficiency through domestic technologies such as LEDs, Energy Star 
appliances, and solar – in terms of these two conditions of acceptability. 
As Karlijn van den Broek suggests in an analysis of research on energy 
literacy [6], financial and technological (relating to appliances or de
vices) knowledge has often been the focus of research and intervention. 
Researchers – at first behavioral economists and sometimes psycholo
gists – developed frameworks to measure energy literacy in relation to 
residential conservation practices through engagement with and un
derstanding of material artifacts such as appliances and light bulbs, a 
focus that persists today in human-computer interaction research that 
uses smart meters, community dashboards, and “nudge techniques” 
[26–28]. 

All of this is to say, historically, energy literacy programs helped 
frame both environmental problems and energy access problems in 
terms of individual responsibility, insinuating a national concern over 
global energy insecurity into the domestic sphere. Some energy literacy 
research today continues to focus on what happens inside the home 
exclusively [6], to the exclusion of how energy systems, organizations, 
and policies shape how energy is conceptualized and used by house
holds. While this frame continues to individualize knowledge and reify 
individual agency, this research has also revealed much about how 
households interact (or not) with domestic energy systems, including 
how people think about conservation [29], the costs of energy, and how 
those costs may be related to the use of devices [30–32]. Analysis of how 
people's actions are motivated by financial savings and environmental 
benefits is typically central to this research, although how these dy
namics are measured varies across studies. 

Parallel to and sometimes in conversation with energy literacy 
research are studies that investigate how knowledge of energy systems 
relate to support for environmental and economic policies including 
renewable energy production, transitions, and technology development 
[5,33,34]. This literature tends to use the term “literacy” less often, and 
“attitudes”, “knowledge” and “perceptions” instead. These studies are 
often less about the relationship between household energy use and 

1 “Such packages include a set of epistemological and ontological assump
tions, along with concrete practices through which social scientists go about 
their work, including relating to/with one another and with the various 
nonhuman entities involved in the situation” [15].  

2 The US MidAtlantic region includes Pennsylvania, Delaware, New Jersey, 
and Maryland, which was the focus in our project. In some contexts, New York, 
Virginia, and West Virginia may be included in this regional designation. 

3 What follows is an incipient take at what can and should be developed into 
a more nuanced and thorogoing genealogy of energy literacy. Such an endeavor 
is, however, beyond the scope of this paper. 
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energy systems than about knowledge of energy production, technolo
gies, and policies. 

Unfortunately, the environmental bent of this research has often 
correlated with the exclusion of low-income households or earners, as 
well as historically marginalized communities [35]. The assumption 
here is that these groups are often structurally precluded from devoting 
the time or resources necessary to learning about or participating in 
energy or environmental politics. Such beliefs have proven unfounded. 
As Judith Schwartz argues, low-income communities show the same 
amount of diversity of energy worldviews as more affluent communities 
[36]. 

We thus take this methodological marginalization of low-income 
communities to be symptomatic of a normative approach to energy lit
eracy, where treating marginalized and/or vulnerable communities as a 
monolithic bloc helps establish a universal and thereby apolitical 
conception and criteria of energy literacy. Part of what we argue for in 
this paper is that there should be more linkage between the domestic and 
systems spheres of energy literacy research, which would have the effect 
of pluralizing and politicizing energy expertise by pointedly making 
connections across an unwieldy landscape. Or as we refer to it here, an 
energy ecology. 

While maintaining a narrowed environmental focus, a more critical 
and pedagogical approach to energy literacy can be found at institutions 
of education. Schools and other institutional settings have long served as 
a launch point for energy literacy programming, and thus research. 
School settings have the advantage of making connections between 
household energy use and energy systems at large [37,38] and have 
been used to assess the role that socialization plays in energy behavior 
[39]. In institutional settings, the scope of “energy” is generally more 
expansive and systems-based than on the household alone. Students are 
more likely to learn about energy sources, renewable energy, and re
lationships between energy and environment through science curricu
lum, for example. This may even develop into what Lowan-Trudeau and 
Fowler refer to as critical energy literacy [40], based on their study of 
the Youth Strike for Climate in Canada. Institutional settings, such as 
college campuses, have also been used to test how visualization tech
nologies that are connected to smart energy systems can bolster energy 
literacy and conservation [36,41,42]. 

Our subsequent analysis builds from these areas of energy literacy 
research–which of course are not mutually exclusive and sometimes 
overlap–while also pluralizing and politicizing their otherwise univer
salist and normative assumptions. In our project we focus on how in
dividuals think about, understand, and engage with energy systems 
through the home environment but shift the emphasis from conven
tional indicators of literacy–such as conservation practices and 
comprehension of utility bills–to how different communities under
stand, avoid, alleviate, or cope with energy vulnerability. Pinning en
ergy literacy to energy vulnerability in this way gives the concept a 
useful level of precision and consistency without reducing its capacity to 
shift and flex as it is taken up in new contexts, all the while resisting the 
universalisms and normativity of conventional approaches. This 
analytical move was motivated by an appreciation of the place-specific 
energy issues of our research site, garnered through years of embedded 
engagement and community partnerships, and reflects part of what we 

refer to as an energy ecology approach. 

2.2. Pinning vulnerability to energy literacy 

Energy literacy scholarship has been limited by the assumption that 
people have equally reliable and consistent access to affordable energy. 
Yet more than ever, energy vulnerability – also referred to as energy 
poverty, fuel poverty, and energy insecurity4 – poses a growing threat to 
households, communities, and states around the world. In this paper we 
use Rosie Day and Gordon Walker's [17] definition of energy vulnera
bility as, 

A situation in which a person or household is unable to achieve sufficient 
access to affordable and reliable energy services, and as a consequence 
are in danger of harm to health and/or well-being. This open definition 
makes no specific judgment about which energy services are significant, 
what constitutes sufficient access, how harm may be involved or how 
substantial that harm needs to be. The notion of vulnerability also conveys 
a sense of potentiality or precariousness rather than necessarily a situa
tion of demonstrable and existing harm. 

Energy vulnerability is multifaceted and locally contingent, pro
duced by configurations of infrastructural, environmental, economic, 
and social dynamics. It's also temporally variable, sometimes cyclical, 
sometimes enduring, and sometimes unpredictable. In the United States, 
many households experienced energy vulnerability for the first time 
during the pandemic, as unemployment skyrocketed and many daily 
activities were conducted at home only. For those already living in a 
state of energy vulnerability, utility shutoff moratoriums may have 
provided relief – but again, this varied from one state to another 
depending on the moratorium's duration and subsequent return to 
normal operations. Neither did pandemic moratoriums prevent the 
accumulation of utility debt. 

In U.S. contexts, researchers have shown that energy insecurity (the 
term most often used by U.S.-based researchers) is predominantly 
associated with socioeconomic status [43–46], but that there are also 
sharp racial and ethnic disparities among U.S. households experiencing 
energy insecurity [44,47]. Similar to the conditions of fuel poverty 
[48–50], energy poverty [51], and energy vulnerability [16,52] in other 
places, the inability to access energy reliably and affordably is imbri
cated with countless socio-material dimensions. These include physical 
infrastructure such as inefficient housing stock and outdated thermal 
technologies [49,53–55], behavioral strategies such as conservation 
practices [16,56], assistance seeking, and decision-making around sur
vival trade-offs [57,58], and associated financial hardships [53,59]; all 
dimensions we have observed in our own research as well. 

Although energy literacy research and energy educational programs 
often focus on many of the same domestic artifacts and conditions that 
exacerbate energy insecurity, research and education have not come at 
energy literacy from a position concerned with the kinds of vulnerability 
that have become more common across the United States. Where energy 
vulnerability and energy literacy do intersect, it is often in cases where 
social justice organizations engage in advocacy work. One such example 
is described by Yoon and Sauri's [60] study of the Alliance against En
ergy Poverty in Barcelona, where the Alliance has used an array of 

4 There are a number of terms used to describe what Day and Walker describe 
as energy vulnerability [17], each of which have emerged out of particular 
place and historical contexts, including fuel poverty, energy poverty, and en
ergy insecurity. In this paper and our project overall, we use Day and Walker's 
definition of energy vulnerability because of its emphasis on the temporal dy
namics, which have helped us keep an eye on the specific historical conditions 
that make energy vulnerability a political problem of structural violence, as 
well as on the potential harm posed by climate change, and other global or 
species-level events – like the COVID-19 pandemic.See Middlemiss's discussion 
of how these terms have developed in different contexts. 
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strategies to raise awareness about the structural dimensions of water- 
energy vulnerability's impacts on households. 

2.3. Ecological paradigms and energy systems 

Combining STS and practice theory, recent studies have used the 
energy ecology concept to analyze the way that the material (technol
ogies and infrastructures) and social (uses and practices) elements of 
energy projects hang together, inform, and influence each other [61,62]. 
We draw on Aritzia and colleagues' description of heating ecologies in 
particular, which points to relationships between in-home and out-of- 
home infrastructures and practices that constitute heating [61]. They 
use an ecological framework to look at enactments that follow and fall 
outside of normative rubrics, which guide heating policy. We attempt 
the same work using an energy ecology framework to zoom out to a 
systems view and also into specific enactments of energy literacy that 
don't count in normative rubrics. 

Though energy ecologies are always “open” in the sense of being 
composed of and exposed to processes of differentiation, they are also 
shot through with the sort of techniques, strategies, and apparatuses of 
productive power [63], which engender relatively stable energy in
frastructures, cultures, practices, and regimes of truth, about which one 
can become literate. Taking a normative approach to “energy liter
acy”—focused on assessing or correcting domestic practices, political 
attitudes, educational settings, and information systems—represents 
one such technique of power, dedicated to the production of a thrifty 
and environmentally conscious subjectivity. 

Given the urgent need to limit climate change, it's tempting to be 
swayed by such an approach. But there are other ways to conceptualize 
energy literacy, and top-down definitions and approaches risk missing 
lived experiences that may be related to overlooked issues like energy 
vulnerability, which, as Middlemiss and Gillard argue [18], needs to be 
situated locally and understood from the bottom-up. What one needs, 
desires, or is even enabled to become literate about, in terms of energy, 
looks different based upon one's position at a specific nexus of systems of 
energy, knowledge, and power, a perspective we derive from Patricia 
Hill Collins [64]. As our discussion below will show, conventional ap
proaches to energy literacy neglect the diversity of ways in which people 
understand and navigate energy ecologies. Tying the energy literacy 
concept to vulnerability, by contrast, renders the concept more ecolog
ical, and therefore more capable of keeping up with people's continuous 
adaptation to a changing climate and with their creative appropriations 
of an ever-shifting ecology of energy regulations, technologies, and 
services. Paying attention and giving credence to these forms of literacy 
is not only ethical, it's also strategically advantageous, as we gain access 
to forms of knowledge that are situated differently than our own [65]. 

We consider energy literacy in terms of political consciousness, or a 
critical awareness of the structural yet dynamic nature of energy 
vulnerability. It is therefore our contention that what it means to be 
energy literate looks different at different times, in different places, and 
from different positionalities.5 In certain regions, energy literacy might 
include knowing what times of year you are at risk for service disrup
tions – such as during the height of summer when there might be 
brownouts, or during hurricane or tornado season. It might also include 
knowing the kinds of assistance programs that are offered by local utility 
companies, to help with bill payment and also to upgrade outdated 
appliances or help with weatherization. Energy literacy, understood 
ecologically, would include knowledge of alternative energy suppliers 
and consumer rights. 

Studying energy literacy through an energy ecology framework 

represents a shift in the intended purpose of energy literacy studies. 
Rather than looking to test the accuracy of people's everyday energy 
beliefs, or to develop criteria for assessing the degree to which people 
know what they should know about energy, we treat fieldwork as an 
opportunity to encounter unexpected knowledges (or knowledge gaps), 
strategies, and insights into the role of energy in the lives of our in
terlocutors and in the wider society. This is not to naively suggest that 
everyone already knows what they need to know about energy—which 
would be to deny the validity of the whole energy literacy project. 
Rather, there are as many ways to be energy literate or illiterate as there 
are positions within energy ecologies.6 Through our fieldwork in energy 
conservation workshops and conducting interviews with everyday en
ergy users, we discovered new axes of literacy needed to address 
household-scale energy vulnerability. 

3. Methods 

3.1. An ethnography of energy vulnerability in Philadelphia 

The project described in this paper – The Energy Rights Project – is 
designed in the tradition of experimental ethnography [66–68], where 
methods of data collection and writing are responsive to the emergent 
and ever-shifting dynamics of a changing world. This sometimes means 
pivoting research design mid-fieldwork, or adopting techniques of 
engagement that were not planned for at the project's outset. At other 
times, listening to interlocutors may cause a change of focus and inquiry; 
intervention may be required, in collaboration with communities. The 
Energy Rights Project began as an investigation of how energy systems 
(re)produce and exacerbate different kinds of vulnerability in the US 
MidAtlantic region. This research stemmed from a prior ethnographic 
project based in the city of Philadelphia, conducted through a 
community-based climate education project [69]. 

Over a five year period, community-based workshop participants 
repeatedly directed conversation about the impacts of climate change 
towards concern over energy bills, weatherization, and needed home 
repairs. Participants knew well how extreme weather could impact their 
homes, but what could they do about their energy bills? At the climate 
education workshops, attendees sometimes reported that they had been 
threatened with utility shutoffs, and described domestic hacks to keep 
energy costs low. Participants explained that programs to help with 
energy use, such as the Low-Income Household Energy Assistance Pro
gram (LIHEAP), were inadequate or hard to qualify for. In response to 
these observations, The Energy Rights Project was designed to investi
gate how energy assistance programs were failing households in the US 
MidAtlantic region, as well as the heterogeneous strategies used by 
energy users, energy service organizations (ESOs), and civic agents to 
make energy both accessible and affordable. 

Energy vulnerability is a major issue in Philadelphia; aged housing 
stock, high poverty rates and housing burdens, as well as tangled titles 
make accessing affordable energy consistently a challenge for many 
households. Within this context, there is also a robust network of ESOs, 
which provide education and support to residents seeking utility assis
tance, weatherization, and budget counseling. ESOs are myriad in form: 
small community-level organizations, nonprofits with more than 100 
staff members, and governmental agencies. Some neighborhood ESOs 
have been in existence for more than forty years while city-wide 
agencies have been in existence much longer. 

5 This is similar to the assemblages approach that Day and Walker use to 
conceptualize energy vulnerability [17]. See also Howe and Boyer for a 
collaborative [66,67], multi-scalar ethnography of renewable energy politics 
that is deeply informed by the power dynamics of discrete locales. 

6 The approach we take in this paper has also been influenced by the Multi- 
Level Perspective's appreciation of different scales of action that correlate with 
different levels of structuration and stability [68], by practice oriented ap
proaches for their emphasis on temporality, performance, and reproduction 
[69,70] and by the energy cultures framework for their integrative approach to 
energy knowledge, belief, behavior, and material culture [1]. 
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3.2. Pivoting with the pandemic 

What began as participant observation in Philadelphia's ESOs was 
upended nine months into fieldwork when the COVID-19 pandemic 
forced agencies to close or go remote in March 2020. The conditions of 
stay-at-home orders, job loss, and emergent health risks instigated new 
research questions and demanded a revised approach to data collection. 
How did the sudden rupture reconstitute relationships to energy? The 
ethnography had to shift in response to the broad instability brought 
about in March 2020 [70]. Part of this shift involved a field school on 
energy vulnerability, scheduled to run at Drexel University between 
April–June 2020. Lacking the ability to conduct participant observation 
in-person, other modes of investigation had to suffice for the field 
school, one of which was remote interviews. 

The interview instrument7 was designed during the field school, with 
students, the Energy Rights Project team, and with feedback from other 
researchers studying the impacts of the pandemic in those early months. 
The instrument combined open-ended and structured questions, some of 
which were taken from an instrument used at community-based work
shops run by ESOs; other questions were specific to the conditions of the 
pandemic. Interview questions asked about the impacts of COVID-19 on 
the household, including employment, the conditions of work and 
school, energy use, expenses, income, and conservation strategies. There 
were also questions about emergency preparedness and energy service 
disruptions, both before and during the pandemic, as well as questions 
that queried respondents' knowledge of energy and energy systems, 
utility assistance, and weatherization. The first set of interviews was 
conducted between May and June 2020; a total of 86 interviews were 
completed with respondents recruited using the snowball method 
through the university-based field school. Interviews were conducted 
over the phone or Zoom and took an average of 45-min to complete. 

Six months later, Philadelphia's ESO network began hosting weath
erization workshops again, mostly over Zoom. Our team began con
ducting participant observation at the workshops and recruited 
participants for interviews, which were also conducted over the phone 
or Zoom. Between December 2020 and February 2021, we interviewed 
83 participants recruited from these weatherization workshops. 

Against the backdrop of the field school and the weatherization 
workshops, as ESOs and other energy networks were learning how to 
conduct business virtually during the first year of the pandemic, we 
began to participate in and observe the work happening in these orga
nizations, including attending administrative meetings, staff trainings, 
public webinars, and eventually in-person events by summer 2021. This 
fieldwork was supplemented by analysis of reports emerging about 
household energy vulnerability, shifts in domestic energy use, utility 
shutoff moratoriums, and other changes taking place in different sectors 
of the energy industry. 

3.3. Comparative analysis of interview groups 

In addition to field observations from the weatherization workshops, 
our analysis derives from comparative analysis of interview data 
collected from the field school and the weatherization workshops. There 
were significant demographic differences between the two interview 
groups – the field school group (N = 86) and the weatherization work
shop group (N = 83) – in addition to the contextual differences in how 
respondents were recruited, as well as what our research team was able 
to observe in the weatherization workshops. 

In the weatherization workshop group, an overwhelming majority of 
respondents were women, more than two-thirds were Black or African 
American, and most were over the age of 35. In the field school group, 

nearly half of respondents were college-aged, and undergraduate or 
graduate students or recently graduated from college. Slightly more 
respondents were men than women, and more than 60 % of respondents 
were white (Tables 1 to 3). 

Since respondents from the field school were recruited within a 
university context – through students in the field school, which included 
graduate students and advanced undergraduate students – there was a 
higher percentage of respondents that had completed graduate school 
than in the weatherization workshop group. Neither completed level of 
education or income level were associated with specific forms of energy 
literacy in our study (Tables 4 and 5). 

More weatherization workshop participants owned a home than 
those recruited through the field school, but the percentage of renters 
(both house and apartment) were similar between the two groups 
(Table 6). Nonetheless there are differences between renting a house and 
renting an apartment, particularly when this difference is combined 
with the student status of many of the field school respondents. More
over, significantly more respondents in the weatherization workshop 
group lived in a house, rather than an apartment. Living arrangements 
and type of dwelling undoubtedly play a role in what inhabitants know 
about their energy systems, and how they interact with energy infra
structure, but other factors played a role as well, such as proximity to a 
Neighborhood Energy Center, growing up in a household that utilized 
energy assistance programs, and living with someone with a medical 
vulnerability, for example. 

By contrasting these two interview groups – the weatherization 
workshop group and the field school group – we aim to highlight forms 
of energy literacy that not only represent but engage local energy 
ecologies. In some cases (Section 5) this literacy stems from previous 
experience of household energy vulnerability; at other times, this liter
acy is cultivated by sharing ways of addressing energy vulnerability, as 
within the context of community-based workshops. In several cases, 
literacy was built through the interview process itself, as interviewers 
made vulnerabilities more legible, shared energy assistance information 
with respondents, or described pandemic-related moratoriums. 

In the following section, we draw on participant observation and 
interviews with weatherization workshop respondents to describe how 
the workshop format and information presented cultivate locally, situ
ated energy literacy. Next, we contrast knowledge and experience of 
utility shutoffs and energy assistance to highlight how energy literacy 
may derive from vulnerability. 

4. Community-based energy education 

The small participant windows of Zoom came back into view as the 
workshop facilitator stopped sharing her screen. She had been demon
strating how to apply tube caulk around the large bay windows in her 
home. This was one of the benefits of having the workshop held in a 
remote setting: the facilitator could show participants how to use the 

Table 1 
Interview data comparing self-reported respondent gender between the field 
school group (N = 86; data collected between May–June 2020) and the 
weatherization workshop group (N = 83; data collected between December 
2020–February 2021).  

Gender Field school (n =
85) 

Workshop (n =
83) 

Cumulative (n =
167) 

Women  34.12 %  79.52 %  56.56 % 
Women; cisgender  9.41 %  4.82 %  7.14 % 
Men  30.59 %  13.25 %  21.89 % 
Men; cisgender  23.5 %  0 %  11.91 % 
Cisgender  1.18 %  0 %  0.6 % 
Prefer not to say  1.18 %  1.21 %  1.19 % 
Transgender  0 %  1.21 %  0.59 % 
Any identity not 

listed  
0 %  1.21 %  0.59 %  

7 The interview instrument developed during the 2020 field school is avail
able here: https://energyrights.info/content/spring-2020-shifting-energy-de 
mands-during-covid-19-survey-instrument 
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materials they received in the participant kits in an actual domestic 
setting. Held in person, the facilitator would typically use a demo win
dow brought to the workshop location, usually a community center. Yet 
in December 2020, few people were interested in attending in-person 
events, months before COVID-19 vaccines would be widely available. 
This meant that community members who had trouble getting out 
during winter (or otherwise) could attend; this was a huge benefit, we 
found in post-workshop interviews, for older and disabled attendees. 
Remote workshops also made it easier for participants to ask questions 
about their specific home setting by showing the facilitator their win
dows, heating units, or faucets over Zoom – all domestic materials which 
could be used to conserve energy. The facilitator wasn’t always the one 
answering questions either; sometimes participants would offer advice, 

or the group together would troubleshoot an issue, offering suggestions 
on how best to apply caulk or make sheets of plastic last through the 
winter. 

In this section, we describe community-based weatherization work
shops as dynamic spaces that cultivate energy literacies from the ground 
up. While workshop facilitators brought in their own expertise, their 
objective was not to impart universally-applicable knowledge in a uni
directional manner, but rather to pull the community's own experiences 
and knowledges of Philadelphia's energy ecology into the room, in ways 
that were fine-tuned to participant vulnerabilities.This included how to 
use locally available weatherization products on aged housing stock, 
discussing assistance programs that were available to medically 
vulnerable households, and pointing to neighborhood resources that 
could supplement grant programs. The workshop’s design and function 
exemplify a more ecological approach to energy education, in other 
words, attending to forms of energy literacy that better reflect and 
respond to the complexity and situatedness of energy vulnerability. 

Some workshop participants were attending the Philadelphia Gas 
Works (PGW) weatherization workshop for the first time, but others 
attended annually so they could refresh their skills and learn about 
updates to energy assistance programs. “Things always change,” 
Jamella, an elderly woman said in a post-workshop interview. Although 
she had direct experience with energy assistance because of her previous 
employment, she noted that there were often changes to program re
quirements or application forms, even if minor. Sometimes new prod
ucts are distributed at the workshops – new styles of light bulbs, caulk, 
or window kits. Attending the workshops was the best way to stay 
updated, Jamella explained. 

“I learn something new every year,” Kamille, an elderly homeowner, 

Table 2 
Interview data comparing self-reported respondent age between the field school 
group (N = 86; data collected between May–June 2020) and the weatherization 
workshop group (N = 83; data collected between December 2020–February 
2021).  

Age Field school (n = 86) Workshop (n = 83) Cumulative (n = 169) 

18–24  43.02 %  2.41 %  23.08 % 
25–34  17.44 %  15.66 %  16.57 % 
34–44  20.93 %  28.92 %  24.85 % 
45–54  5.81 %  13.25 %  8.88 % 
55–64  5.81 %  28.92 %  17.16 % 
65–74  5.81 %  9.64 %  7.96 % 
75–84  1.16 %  0 %  0.59 % 
85–94  0 %  1.21 %  0.59 %  

Table 3 
Interview data comparing self-reported respondent race/ethnicity between the 
field school group (N = 86; data collected between May–June 2020) and the 
weatherization workshop group (N = 83; data collected between December 
2020–February 2021). Categories were taken from the U.S. census.  

Race/Ethnicity Field school (n 
= 86) 

Workshop (n 
= 82) 

Cumulative (n =
168) 

Asian  24.42 %  6.1 %  15.48 % 
Black or African 

American  
8.14 %  67.07 %  36.91 % 

Middle Eastern or 
Northern Africa  

2.33 %  1.22 %  1.79 % 

Native Hawaiian or Other 
Pacific Islander  

2.33 %  1.22 %  1.79 % 

White  61.63 %  12.20 %  37.5 % 
Hispanic, Latino, or 

Spanish origin  
3.49 %  12.20 %  7.74 % 

Any identity not listed 
above  

3.49 %  1.21 %  2.38 % 

Prefer not to say  0 %  3.66 %  1.79 %  

Table 4 
Interview data comparing self-reported respondent highest level of education 
completed between the field school group (N = 86; data collected between 
May–June 2020) and the weatherization workshop group (N = 83; data 
collected between December 2020–February 2021).  

Highest level of 
education 

Field school (n 
= 86) 

Workshop (n =
82) 

Cumulative (n =
168) 

Some high school  2.33 %  3.66 %  2.98 % 
Completed high 

school  
11.63 %  24.39 %  17.86 % 

Some college  20.93 %  23.17 %  21.89 % 
Completed college  30.32 %  31.71 %  30.95 % 
Some grad school  5.81 %  1.23 %  3.57 % 
Completed grad 

school  
31.4 %  7.32 %  19.64 % 

Technical or trade 
school  

1.16 %  1.23 %  1.19 % 

Prefer not to say  1.16 %  7.32 %  4.17 %  

Table 5 
Interview data comparing self-reported respondent income between the field 
school group (N = 86; data collected between May–June 2020) and the 
weatherization workshop group (N = 83; data collected between December 
2020–February 2021). Categories included those given by participants.  

Income Field school (n =
59) 

Workshop (n =
63) 

Cumulative (n =
122) 

$0  11.86 %  15.87 %  13.93 % 
Under $20,000  13.56 %  17.46 %  15.57 % 
$20,000– 

$30,000  
20.34 %  33.33 %  27.05 % 

$40,000– 
$64,999  

18.64 %  34.92 %  27.05 % 

$65,000– 
$89,999  

10.17 %  3.18 %  6.56 % 

> $90,000  11.86 %  4.76 %  8.20 % 
Unsure  0 %  1.59 %  0.82 % 
On disability/ 

SSI  
0.82 %  1.59 %  0.82 % 

Food stamps  0.82 %  1.59 %  0.82 % 
Varies  10.17 %  1.59 %  5.74 %  

Table 6 
Interview data comparing self-reported respondent housing status between the 
field school group (N = 86; data collected between May–June 2020) and the 
weatherization workshop group (N = 83; data collected between December 
2020–February 2021). Categories included those given by participants.  

Housing Field school (n =
85) 

Workshop (n =
83) 

I rented an apartment  36.47 %  19.82 % 
I rented a house  8.24 %  27.71 % 
I lived in a house or building that I own  35.29 %  45.78 % 
I lived with a family member or friend  11.77 %  3.62 % 
I lived in a dorm  4.71 %  0 % 
I rented a room  2.35 %  2.41 % 
Priest residence  1.18 %  0 % 
I lived in a home my father rented for 

me  
1.18 %  0 %  
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reported when asked during our interview what was most useful about 
the workshop, “even if most of the information I know.” Kamille has 
attended many weatherization workshops over the years, and has 
applied for energy assistance through her local NEC. Each time, how
ever, she's been rejected from programs like LIHEAP because of her fixed 
income and the program’s rigid eligibility requirements. 

“It's good to “refresh on the education,” Marquis, a teacher and 
homeowner, told us. Marquis was currently struggling to pay his utility 
bills. In the past, he had received energy assistance such as LIHEAP and 
WAP. He’s also attended multiple weatherization workshops over the 
years to learn conservation strategies that can help him make ends meet. 
The participatory style of the workshops meant that different questions 
came up at each workshop, with participants sharing their specific, sit
uated experiences. 

PGW is the largest municipally-owned natural gas company in the U. 
S., with approximately 500,000 customers. Any PGW customer can 
attend the weatherization workshops, which are held annually begin
ning in the fall and ending in April, once the weather warms up and the 
heating season ends. The utility company contracts with community- 
based energy assistance organizations, Neighborhood Energy Centers 
(NECs), who facilitate the utility's weatherization workshop in locations 
across the city. The participant kits included handouts and DIY weath
erization materials, which could be used to reduce drafts during the 
winter months. NEC facilitators often spent at least 20 min of the hour- 
long presentation on the window kits, which could be difficult to install 
the first few times or if the windows were oddly sized and shaped, such 
as bay windows. 

This particular workshop was hosted by an NEC located in an area of 
the city where bay windows were very common. Several participants 
had questions about how to use DIY weatherization products with these 
kinds of windows, which were larger than standard windows and also 
closer together. Before the facilitator could respond, another workshop 
participant chimed in to explain how she secured several pieces of 
plastic together. The kits given out by PGW would only go so far; you 
had to buy more at Home Depot, she explained. Another woman added 
that you didn’t even need to buy the window kits; you could just buy the 
type of plastic used in the window kits in larger pieces to save money. 

The conversation turned from DIY weatherization practices to energy 
assistance. One woman explained that she was living paycheck to 
paycheck and struggling to afford her utility bills, especially during the 
winter months. She was interested in learning more about the customer 
assistance programs that the workshop facilitator had described at the 
beginning of the presentation. She explained that she felt guilty about 
applying for grants because she didn’t want to take the money from 
families who needed it more. This was a common worry expressed by 
folks who attended the conservation workshops – the fear that if they 
applied for and received energy assistance there would be less money for 
people in their community in a similar or worse situation than them. The 
facilitator responded with a refrain that had been repeated at nearly 
every such event our research team members attended: 

There is so much money left on the table at the end of each year. But even 
if you don’t qualify or want to apply for assistance, we can still help with 
budget billing, and we can still help you make a plan for yourself. There is 
a huge pie, and every quarter and every year pieces of assistance funding 
get sent back to the government because people aren’t taking advantage of 
it. Don’t reject yourself, let us work with you and see where you land. 
Maybe all you qualify for are the weatherization kits, but we can still help 
you with a budget. 

Budgeting is a foundational skill used by energy counselors to help 
households pay their utility bills. As a strategy, it can’t address all di
mensions of energy vulnerability, but it is a starting place since many 
who seek energy counseling are struggling to make ends meet. Budg
eting, of course, is a form of financial literacy, but different from the 
financial literacy often described in the energy literacy literature, which 

tends to focus on energy-efficient appliances and how the savings these 
products enable offset bills in the long term. The budgeting activities 
undertaken in Philadelphia's NECs focus on monthly expenses and in
come, which help to determine if there are expenses that households 
could cut out. Budgeting is also used to determine if a household qual
ifies for customer assistance programs through the utilities, or grants 
such as LIHEAP or the Utility Emergency Services Fund (a program local 
to Philadelphia), or other forms of social services such as food stamps 
and rental assistance. Household budgeting leads to applications for 
different forms of assistance, which NEC counselors help utility cus
tomers navigate. The myriad activities undertaken by NEC counselors is 
a comprehensive design used to address energy vulnerability in the city, 
helping to prevent households from taking on utility debt, receiving 
shutoff notices, or making trade-offs between basic necessities. 

The PGW workshops, in other words, were not just about energy 
conservation or DIY weatherization, which was how the utility often 
marketed the events. NEC counselors created a space to talk about 
strategies for tackling energy vulnerability – which meant sharing in
formation and practices that were culturally and locally relevant to 
community members, and information about state energy policy and 
local programming that was both governmental and nongovernmental. 
This included, for example, sharing information about Pennsylvania's 
medical stays, which can prevent shutoffs in households where a per
son’s health depends on an electrically-powered device. It meant talking 
about the requirements for the federal Weatherization Assistance Pro
gram (WAP), which could help update aged housing stock. In turn, 
workshop participants would describe the barriers they faced when 
applying for assistance, such as determining whether their house met the 
basic requirements for WAP. But sometimes conversation also focused 
on how the temperature of the home impacts how air moves, or which 
neighborhood stores sold the weatherization products needed to make 
the home more efficient. 

The NEC-led workshops created a space for information exchange 
about energy systems specific to Philadelphia utility customers, local 
housing stock, and seasonal change – all of which impact how assistance 
programs are administered. Unlike other U.S. states, for example, 
Pennsylvania does not allow for LIHEAP grants during the summer 
months. Similarly, the state's annual shutoff moratorium is only in place 
from November 1st to March 31st. In short, the weatherization work
shops cultivated energy literacy that was situational, local, and that 
made connections between in-home and out-of-home energy systems. 
It's a bottom-up approach to energy literacy, centered on the particular 
vulnerabilities of the participants in a way that resists universalist or 
normative models of energy literacy. The goal of these workshops was to 
turn the implicit, situated knowledges of the participants into a collec
tive resource, a store of knowledge and strategies with which to begin 
crafting one's own literacy based on the unique vulnerabilities of each 
household. 

In the next section, we look at how knowledge of utility shutoffs and 
responses to threats of shutoffs differ between interview respondents 
who attend the PGW workshops and those who did not (the field school 
group). As previously stated, there are significant differences between 
the two interview groups, in terms of age, gender, and race and 
ethnicity, which directly stem from how each group of respondents was 
recruited for the interviews. However, the aim of the following com
parison is to show, first, how households with connections to NECs have 
a more robust understanding of energy systems, including an awareness 
of utility company policies, federal energy assistance programs, and the 
ability to conceptualize responses to energy vulnerability. The second 
aim is to show how energy literacy exceeds the household context and 
the energy costs that a utility customer bears, such as the utility com
pany, federal policy, and local resources such as NECs. 

5. Responding to utility shutoffs 

During COVID-19, knowing where to go for social services and other 
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forms of economic assistance has become paramount. In the United 
States, as of March 2021, up to 37 million households had overdue 
utility bills, about a third of the country's households, with arrears 
totaling more than $27 billion [71]. That's an increase from $11 billion 
in household arrears in 2019. One study found that, on average, 
household utility debt had reached $850. But in the MidAtlantic region, 
energy assistance organizations in New Jersey and Pennsylvania are 
seeing overdue bills as high as $2000-4000. With loss of income and 
higher costs of living, more households have to make choices between 
buying food, making rent or mortgage payments, and keeping up on 
utility bills, among other expenses – conditions that have been robustly 
documented in the energy vulnerability and energy insecurity litera
tures. Prior to the pandemic, many people had never before needed to 
seek assistance – unemployment, rent relief, food stamps, and grants or 
payment programs for utility bills – and were unfamiliar with long
standing federal programs, such as the Low Income Household Energy 
Assistance Program (LIHEAP). 

A subtle way to collect, provoke, or share situated knowledges of 
energy assistance is to ask what strategies might be used to prevent a 
utility shut-off. In the United States, a household is threatened with a 
utility shut-off when they fall behind on bill payment. In Philadelphia, 
each of the three main utility companies (gas, electric, and water) has 
different policies regarding shut-offs, as well as distinct “customer 
assistance programs” which provide payment agreements to customers 
who are struggling to afford their utility bills. There are also local and 
federal grant programs that help prevent households from having their 
utilities shut off. When respondents were asked how they would address 
a utility shutoff notice if they themselves did not have the money to 
prevent the shutoff, interview participants responded to the open-ended 
question in a range of categories, including calling the utility company 
to see if a payment arrangement could be made, borrowing from friends 
or family members, taking out loans, and seeking government assistance 
(Table 7). 

While about a quarter of respondents would try to negotiate with 
their utility company and almost as many would reach out to their social 
networks, nearly one in five participants stated that they had no idea 
how to address a utility shut-off, having never been in the situation 
before. Furthermore, 17 out of 167 respondents said they would let the 
shutoff happen and “deal with it”, meaning they would try to live around 
a lack of electricity, heat, or water. A handful of participants stated that 
they would “move away”, sometimes specifying that they would move in 
with friends or family members. More than a fifth of respondents said 
they would take out a loan, and one person said they would go into their 
403b, an employer-offered retirement account. The limited imagination 

for how to handle the threat of a utility shutoff can be characterized as a 
form of literacy shaped by a less vulnerable position within the broader 
energy ecology. 

For instance, there were some significant differences between the 
weatherization workshop and field school respondent groups. While 22 
respondents from the field school group stated that they did not know 
what they would do in such a situation, only eight respondents from the 
weatherization workshop group were unsure how to respond (Table 7). 
Terry, a maintenance worker who rents in Philadelphia, was one of those 
eight respondents. Throughout the interview it became apparent that 
Terry's energy literacy was obtained through lived experiences - they did 
not seek out information if it wasn’t necessary for their household at a 
given time. 

Interviewer: Hypothetically, if you received a shutoff notice in the 
mail from one of your utility companies, for example PECO or PGW, 
and you didn't have the money at the time to pay the bill and avoid 
the shutoff, how would you address the situation? 
Interviewee: Wow. If I didn't have the money, and they were going to 
shut me off… I don't know. I've never been in that situation. I mean, 
is there anything you can do? You don't have the money. Would you 
borrow money? 

Interviewer: There's assistance programs, neighborhood energy 
centers, bill payment programs. There is financial aid and assistance 
that they can offer. 
Respondent: See, I don't know anything about this stuff. 

Terry had never experienced a shut-off, nor been threatened with a 
shutoff, so when prompted about how they would respond in such a 
situation, their knowledge of available assistance was nonexistent. This 
was the case for many respondents who had never been in such a situ
ation: they did not know what they would do and had never considered 
being in such a situation. 

Sydney, a college student from the field school group who works as a 
research assistant, stated after a long pause, 

I don't know how to answer this. I really don't know what I'd do…I 
think it would depend on the whole situation. Like… because I don't 
see that happening to my household, I feel like there would be other 
things that would have to be going on that would influence what my 
options would be. 

In this case, Sydney was referring to her parents' household, where 
she had been staying since the beginning of the pandemic. She was 
unable to imagine being in a situation where a utility company would 
shut off services. Many of her responses to our interview questions 
showed that she lives in a household that is relatively secure in terms of 
energy access and affordability- Sydney's household was never threat
ened with a shut-off, she was unfamiliar with energy assistance pro
grams, and reported that she never looks at her household’s utility bills. 
In her case, although her household was using significantly more energy 
(electricity, gas, water) since the beginning of the pandemic, everyone 
had been able to transition their work to a remote setting; no one had 
become unemployed and the balance between using more energy was 
offset by driving less, staying home, and cooking more. Nonetheless, 
during the interview, Sydney stated that she was worried her household 
would have to start making difficult decisions between what bills to pay. 

Importantly, Sydney's response suggests that more context was 
needed to understand the factors that pushed her family into energy 
vulnerability–i.e., why is the household in the position, and what re
sources may still be available to draw on? We also found that, in the field 
school group, many respondents mentioned asking parents or grand
parents for money, or using a credit card, which reflects a sense of a 
safety net tying their household to others, producing a level of financial 
security that was less common among the workshop participants. This 

Table 7 
This table shows coded responses to an open-ended interview question that 
asked interviewees what they would do if they received a utility shutoff notice 
and they did not have the money to pay the bill.  

Response to utility 
shutoff 

Field school (n 
= 84) 

Workshop (n =
83) 

Cumulative (n =
167) 

Take out a loan  14.29 %  16.87 %  14.37 % 
Go to family or 

friends  
23.81 %  16.87 %  20.36 % 

Call provider  16.67 %  32.53 %  24.55 % 
Government 

assistance  
8.33 %  10.84 %  9.58 % 

Deal with it  11.91 %  3.62 %  7.78 % 
Seek (unspecified) 

help  
1.19 %  7.14 %  4.19 % 

Save up money  4.76 %  3.62 %  4.79 % 
Relocate  5.96 %  1.21 %  3.59 % 
Contact landlord  0 %  1.21 %  0.60 % 
Go to a community 

agency  
0 %  10.84 %  5.39 % 

I don’t know  26.19 %  9.5 %  17.95 % 
Just pay it  0 %  1.21 %  0.60 % 
Go into 403  0 %  1.21 %  0.60 %  
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also reflected the proportion of field school group respondents who were 
college-age or college students at the time of the interview. 

Lacking access to this safety net, the workshop group was more 
aware of the wider energy ecology in which their household was posi
tioned. Many more respondents from the weatherization workshop 
group, for example, stated that they would call the utility company to 
make payment arrangements (27 of 83 respondents), an option that only 
14 of 86 respondents from the field school group considered (Table 7). 
There was a greater awareness among weatherization workshop re
spondents, in other words, that the utility company would work with 
customers to find a resolution. Sharon, who attended a weatherization 
workshop and is a renter in Philadelphia, was furloughed at the begin
ning of the pandemic, and was only receiving 80 % of her salary between 
April–June of 2020. Though she had never enrolled in an energy assis
tance program, she reported that she was strained financially and had 
difficulty paying her bills during that time. This prompted Sharon to 
become familiar with available energy assistance options: “A lot of time 
you can call and get on a payment plan. They don't want to cut you off as 
much as you don't want to be cut off.” 

There are also certain circumstances under which the utility com
panies cannot shut off service. When asked if she had ever received a 
shut-off notice, Teagan, another woman from the weatherization 
workshop group responded, 

Oh, absolutely, in the past. Probably electricity. My gas was under 
my landlord, so, probably electric. It never would have got shut off. 
They both [her children] use nebulizers, so I would have gone to 
have them fill out a form to prevent shutoff. So I would have gotten a 
medical extension, if I needed that. 

Teagan was the only respondent to mention that there are policies 
that prevent shutoffs for people with medical equipment needs during 
our interviews, although this information was brought up during a few 
of the workshops we observed. Again, this speaks to the organic dis
cussions and information shared in community-based workshop set
tings, which derives as much from who is in the room as what material is 
contained in the slide deck. 

In her interview, Teagan discussed an experience of energy vulner
ability that is similar to many who are living in Philadelphia. Although 
Teagan completed graduate school and earns more than the median 
income in the city, she still struggles with her monthly utility bills. She 
lives in a home that needs basic systems repair and weatherization, yet 
her income makes her ineligible for available assistance programs. 
Everyday expenses are burdensome for Teagan as she faces multiple 
intersecting financial stresses: her low credit score has made it difficult 
for her to afford maintenance on her aged home energy infrastructure, 
she is saving for retirement as someone in her mid-50s, and she finan
cially supports one of her sons who is in college. Her household’s 
vulnerability to utility shut-offs combined with her son’s vulnerability to 
temperature-related health emergencies led her to learn about lesser 
known utility company policies that will prevent a service shut-off in 
households with medically vulnerable family members. 

Another woman from the weatherization workshop group shared her 
experience with a pre-pandemic shut-off notice, and then relayed that 
the utilities could not currently shut off service because of the pandemic. 
Marie is an unemployed single mother who rents in Philadelphia, and 
has been struggling with her utility bills, which have increased since the 
beginning of the pandemic. Although she receives monthly child support 
payments, this income stream has become insecure because the City's 
family courts closed during the pandemic. As an individual living in a 
household with two children who are schooling remotely, and with a 
member of the household needing to use a medical device that is solely 
powered by electricity, the thought of losing access to electricity is 
inconceivable. 

I received a shut-off notice for gas, I forget, was either gas or electric. 
It was only for $200, it was this guy who said he was gonna turn off 
my gas. He said he didn't want to turn it off because I only owe $110 
so I went and paid it. If I had a shut-off notice but did not have the 
money to prevent the shut-off, I would tell them they can't do that 
because we are in a pandemic then go apply for grants. 

During the first year of the pandemic, many U.S. states had mora
toriums on utility shut-offs. Pennsylvania also has an annual winter 
shutoff moratorium from December 1st to March 31st to prevent 
households at or below 250 % of the federal poverty line from losing 
heat during cold weather. This is knowledge of the local energy ecology 
that many low-income households have, based on our ethnographic 
research with energy assistance organizations in Philadelphia, but is not 
something that new utility customers (i.e. college students) and house
holds above the poverty line are familiar with. 

Another weatherization workshop respondent, Jimmy, reflected on a 
broader range of options available to address a shutoff, which included 
working with the utility company and also assessing thermal needs at 
the moment. 

I would see if there is an agreement to come up with to take care of 
it… depending on which bill it is. I would see if they could give me an 
extension. Otherwise I would have to take that shut-off until I could 
pay it. But if it was cold outside, I would really try to explain my 
situation and see if I could work something out to get the heat on 
while I pay it off. 

Jimmy noted that time of year and seasonal temperature would 
factor into his approach, as well as what utility was being shut off. A gas 
shutoff in summer would not be as impactful, for example, as a gas 
shutoff in winter. Jimmy rents a room in his friend’s home and works 
multiple jobs. In his interview, Jimmy discussed how the pandemic 
resulted in him having to quit one of his jobs; in order to keep their 
utility bills affordable, he and his roommate began practicing energy 
conservation techniques more regularly. He has also attended multiple 
weatherization workshops to learn about his home energy system, and 
reported that he learns something new each time he goes. Though 
Jimmy has never dealt with a shut-off notice before, the financial bur
dens brought on by the pandemic forced him to think through how he 
would deal with this threat. 

One means of preventing a utility shutoff or reinstating service is to 
seek energy assistance, which may be provided through government 
programs or utility companies. This option can be seen in some of the 
above quotes, such as when the woman mentioned she would apply for 
grants, and in the first quote where the interviewer mentioned the 
program to one of our respondents, Terry. While only a quarter of spring 
respondents reported knowing about such programs, nearly three- 
quarters of winter respondents could name energy assistance programs 
(Table 8). 

Fonda used to work at an NEC and helped households apply for 
available energy assistance programs. When the pandemic struck, both 

Table 8 
This table shows the number of interviewees who were aware of the following 
assistance programs: Low-Income Household Energy Assistance Program; 
customer assistance programs; Weatherization Assistance Program; Earned In
come Tax Credit; and Social Security Income.  

Familiarity with 
assistance 

Field school (n 
= 81) 

Workshop (n =
83) 

Cumulative (n =
164) 

LIHEAP  14.81 %  92.77 %  52.27 % 
CAP  7.41 %  68.68 %  38.41 % 
WAP  7.41 %  67.47 %  37.81 % 
EITC  37.04 %  60.24 %  48.78 % 
SSI  29.63 %  56.63 %  40.85 % 
All of the above  1.24 %  34.94 %  18.29 % 
None of the above  50.62 %  1.21 %  26.61 %  
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Fonda and her husband ended their part-time employment, since her 
husband was in a high-risk group. The loss of both of their income 
streams created a strained financial situation for their household. 
Though she is familiar with available assistance and could benefit from 
the assistance, she reported that they are ineligible for these programs: 

I have received a shut-off notice for water and electricity. I received 
the shut-off notices years ago. If I received a shut-off notice and did 
not have the money to prevent the shut-off, I would negotiate with 
the company, see if they could give me an extension or if I could get 
on budget billing. I could also use a LIHEAP or a crisis grant. Right 
now we are over income for these programs. We still apply to them 
every year. 

While 77 out of 83 participants from the weatherization workshop 
interview group had heard of LIHEAP before, only 12 respondents from 
the field school group had heard of the program, despite the fact that 
LIHEAP has been available since 1980. Similarly, while 56 participants 
from the weatherization workshop group had heard of the Weatheri
zation Assistance Program (WAP), another long-standing federal pro
gram, only seven respondents from the field school interview group 
were familiar. The numbers were the same for customer assistance 
programs (CAP) offered by the local utility companies: 57 respondents 
from the weatherization workshop group were familiar with CAP, the 
assistance program offered by the local electricity utility, versus merely 
six from the field school group. 

There was also a dramatic difference in program use; while only one 
person from the field school group had been on an energy assistance 
program prior to the pandemic and only one person since the pandemic 
began, 43 participants from the weatherization workshop group had 
been enrolled in an energy assistance program prior to the pandemic 
(more than half the group), and 18 had enrolled during the pandemic 
(Table 9). 

As previously noted, the huge difference between awareness of en
ergy assistance programs can in part be explained by the fact that all 
weatherization group interviewees had been recruited from the PGW 
workshops hosted by Philadelphia's NECs. At these workshops, facili
tators discuss local CAPs offered by the utility companies, and also 
federal programs such as LIHEAP and WAP. Respondents' relationship to 
NECs and workshop attendance, combined with previous or current 
enrollment in an energy assistance program, is part of what explains the 
difference between the two groups, given that respondents in the 
weatherization workshop group had attended the workshop – which 
included information about energy assistance – within a month prior to 
our interview. 

It was striking to us as researchers how few respondents in the field 
school group had considered the threat of a utility shutoff, and by 
extension, the lack of knowledge and imagination for how to respond. By 
contrast, no respondent in the weatherization workshop group was un
familiar with the threat of utility shutoffs. This, we believe, stems from 
how they were differently situated within the energy ecology. Many 
weatherization workshop respondents were homeowners and were de
cades older than the field school group respondents; all were 

Philadelphia residents and had lived most of their lives in the city, which 
is significant because energy vulnerability has been a widespread 
problem in Philadelphia since the 1970s. As a result, there is a robust 
network of ESOs, community-level energy workshops, and annual 
campaigns to promote awareness of assistance programs that can pre
vent shutoffs. Field school respondents, by contrast, were more likely to 
be new or newer to paying utility bills, and had much less cultural and 
institutional knowledge of Philadelphia than residents who had lived 
and owned homes in the city. 

It's important to mention that while our conception of energy literacy 
still turns on the possibility of a “lack,” we resist both normativity and 
universalism by situating this lack in terms of an emergent ecology. That 
is, one's energy knowledge and strategies are at an ever-present risk of 
becoming inadequate, no matter who one is or what one already knows 
about energy and energy systems. Age, homeownership, community 
connections, and income, along with the onset of other, more unpre
dictable events, all shape energy literacy when understood ecologi
cally.8 And while this may at first seem like a platitude, it marks a stark 
departure from more conventional strains of energy literacy research, 
which has typically adopted a more static and universal (even if multi
faceted) criteria for energy literacy. Such conceptions not only miss the 
connection between energy literacy and energy vulnerability, they also 
increase the potential for discursive risks and gaps by unduly restricting 
the general purview of energy literacy research. 

6. Conclusion 

Energy literacy scholarship has taken on the notable challenge of 
understanding and influencing the way people think about and consume 
energy to develop more sustainable energy systems. The idea is that 
information and understanding are the primary missing links between 
our current society and a future, more sustainable populace. Recent 
work in this field, however, has presented evidence to the contrary, 
throwing the value of current frames and programs of energy literacy 
into question. 

In this paper, we identify productive tensions and conceptual affin
ities between energy literacy and energy vulnerability and suggest, as a 
way forward, their exploration through the use and development of an 
energy ecology framework. We began by describing how energy literacy 
in the US developed its historically contingent criteria and rationality in 
and through strategically motivated responses to the forms of energy 
vulnerability emerging at the nexus of macro-scale geopolitical, eco
nomic, sociotechnical, and environmental events and processes. We also 
noted how the financial and environmental incentives of the majority of 
contemporary energy literacy programs, and the forms of energy literacy 
they foreground, have tended to reproduce individualizing knowledge 
regimes and exclude from consideration the energy issues and strategies 
of many marginalized communities. We argue that these discontents are 
rooted in conventional energy literacy studies' top-down, normative 
approach, against which we contrast our ecological approach. 

The energy ecology framework is a theory/method package that can 
help focus ethnographic and analytical attention to the place-specific 
dynamics of energy infrastructures, access, and use that shape people's 
relationships to themselves, to other humans and non-human life, to 
materials and objects, and to their environment. Stepping away from 
middle-class parameters of energy literacy, which have historically 
focused on how to reduce energy consumption through conservation 

Table 9 
This table shows how many respondents in each interview group had been 
enrolled in an energy assistance program to help pay for utility bills, including 
LIHEAP, CAPs, and other emergency funds local to Philadelphia.  

Energy assistance 
enrollment 

Field school (n 
= 84) 

Workshop (n =
83) 

Cumulative (n =
167) 

Enrolled before COVID  1.19 %  52.44 %  25.51 % 
Enrolled during COVID  1.19 %  21.95 %  11.45 % 
Never  85.72 %  39.02 %  62.65 % 
I don’t know  1.19 %  1.22 %  1.12 % 
I am unaware of such 

programs  
11.91 %  0 %  6.02 %  

8 The pandemic marked a shift in the energy ecology that both emphasized 
and expanded the diversity of households who are vulnerable to utility shutoffs, 
thus reconstituting, we argue, what “counts” as energy literacy. While service 
shutoffs have long been used by utility companies to compel bill payment, the 
number and diversity of households who are unable to afford utilities has 
dramatically increased since March 2020, leading more energy users to ask 
what can be done when lacking funds to pay for service. 
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and efficiency technologies, this paper focuses on the energy literacy of 
more vulnerable energy users – which existing research shows dispro
portionately impacts low-income households, older women, Black 
families, those living with disabilities, college students, and people with 
chronic disease conditions – which experience inadequate access to 
affordable and reliable energy services, and also may have less financial 
and material resources to buffer harm. We use this data to argue that 
pinning energy literacy to energy vulnerability foregrounds how the 
knowledge, skills, and practices of relevance to energy literacy change 
over time and over the course of life, based upon one's changing position 
within different energy ecologies and also based upon changes in the 
relations within and across the open systems of which each energy 
ecology is composed. 

Those at risk for or living in a state of energy vulnerability often 
develop forms of energy literacy that are particular to their situation. 
This diversity is far wider than what has typically been focused on in the 
literature.The field of energy studies would benefit from further study of 
how vulnerable energy users meet their broader literacy needs. Impor
tant forms of knowledge about energy ecologies that have convention
ally gone unaccounted for include knowledge of institutions and policy, 
such as utility company policies that may prevent a shutoff, government 
grants that provide financial assistance for energy bills, and awareness 
of audit systems that can lead to home weatherization. It also includes 
tacit knowledge, such as how to make choices about allocating resources 
in order to meet needs – around seasonal temperatures, for example, the 
needs of family members, or based on external resources such as social 
and local networks (i.e. cooling centers during heat waves). Looping 
these overlooked knowledge forms and knowledge gaps, encountered in 
the field, back into our conceptions of energy literacy both enriches the 
concept and helps produce the types of energy expertise that are needed 
to promote more sustainable and more just energy futures. 

Although our definition of energy literacy continues to stem from 
household energy relations and even allows room for analysts to discern 
when people and institutions are lacking in the forms of literacy they 
may need to address emerging vulnerabilities, our emphasis on situating 
both these knowledges and gaps in knowledge in terms of vulnerability, an 
individuated and emergent criterion, sets our approach apart. As shown 
in this paper, the impacts of climate change and the current pandemic 
demand that household energy users understand energy ecologies, which 
include utility company policy, consumer rights, and financial assistance 
options, among other forms of energy ecology knowledge. This frame
work also allows for continued attentiveness to the ever-evolving dy
namics of energy in transitional societies. 
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[7] Ioan Fazey, Niko Schäpke, Guido Caniglia, Anthony Hodgson, Ian Kendrick, 
Christopher Lyon, Glenn Page, Transforming knowledge systems for life on Earth: 
visions of future systems and how to get there, Energy Res. Soc. Sci. 70 (2020), 
101724. 

[9] Tony P. Murphy, The Minnesota Report Card on Environmental Literacy: A 
Benchmark Survey of Adult Environmental Knowledge, Attitudes and Behavior, 
Minnesota Office of Environmental Assistance, 520 Lafayette Road North, 2nd 
Floor, St, 2002. https://eric.ed.gov/?id=ED474505. 

[10] Jan C. Semenza, David E. Hall, Daniel J. Wilson, Brian D. Bontempo, David 
J. Sailor, Linda A. George, Public perception of climate change: voluntary 
mitigation and barriers to behavior change, Am. J. Prev. Med. 35 (5) (2008) 
479–487, https://doi.org/10.1016/j.amepre.2008.08.020. Theme Issue: Climate 
Change and the Health of the Public. 

[11] Jan E. DeWaters, Susan E. Powers, Energy literacy of secondary students in New 
York state (USA): a measure of knowledge, affect, and behavior, Energy Policy 39 
(3) (2011) 1699–1710, https://doi.org/10.1016/j.enpol.2010.12.049. 

[12] David Bidwell, The role of values in public beliefs and attitudes towards 
commercial wind energy, Energy Policy 58 (July) (2013) 189–199, https://doi. 
org/10.1016/j.enpol.2013.03.010. 

[13] Shr-Jya Chen, Ying-Chyi Chou, Hsin-Yi Yen, Yu-Long Chao, Investigating and 
structural modeling energy literacy of high school students in Taiwan, Energy Effic. 
8 (4) (2015) 791–808, https://doi.org/10.1007/s12053-015-9327-5. 

[14] Joseph Kantenbacher, Shahzeen Z. Attari, Better rules for judging joules: exploring 
how experts make decisions about household energy use, Energy Res. Soc. Sci. 73 
(2021), 101911. 

[15] Adele E. Clarke, Susan Leigh Star, The social worlds framework: a theory/methods 
package, in: The Handbook of Science and Technology Studies 3, 2008, 
pp. 113–137. 

[16] Stefan Bouzarovski, Energy poverty in the European Union: landscapes of 
vulnerability, Wiley Interdiscip. Rev. Energy Environ. 3 (3) (2014) 276–289. 

[17] Rosie Day, Gordon Walker, Household energy vulnerability as ‘assemblage, in: 
Energy Justice in a Changing Climate: Social Equity Implications of the Energy and 
Low-Carbon Relationship, Zed Books, London/New York, 2013, pp. 14–29. 

[18] Lucie Middlemiss, Ross Gillard, Fuel poverty from the bottom-up: characterising 
household energy vulnerability through the lived experience of the fuel poor, 
Energy Res. Soc. Sci. 6 (2015) 146–154. 

[19] Benjamin K. Sovacool, Matthew M. Lipson, Rose Chard, Temporality, vulnerability, 
and energy justice in household low carbon innovations, Energy Policy 128 (2019) 
495–504. 

[20] L. Pringle, Energy: power for people, January, https://www.osti.gov/bibli 
o/7363665, 1975. 

[21] E. Hirst, Residential Energy Conservation Strategies, ORNL/CON-2. Oak Ridge 
National Lab, TN (USA), 1976, https://doi.org/10.2172/7328815. 

[22] Jonathan M. Wert, Barry K. Worthington, ENERGY: Selected Resource Materials for 
Developing Energy Education/Conservation Programs. Revised Edition, National 
Wildlife Federation, 1412 16th Street, N, 1978. https://eric.ed.gov/? 
id=ED157782. 

[23] Carolyn M. Goldstein, Creating Consumers: Home Economists in Twentieth- 
century America, Univ of North Carolina Press, 2012. 

[24] Ronald R. Kline, Consumers in the Country: Technology and Social Change in Rural 
America, Johns Hopkins University Press, 2000. 

[25] Michae Kvistl Svangren, Louise Krog, Alisa Ananjeva, John Stouby Persson, Peter 
Axel Nielsen, Camilla Brunsgaard, Karl Sperling, Investigating one-time actions for 
domestic energy reduction: the case of district heating, in: Proceedings of the 11th 
Nordic Conference on Human-Computer Interaction: Shaping Experiences, Shaping 
Society, 2020, pp. 1–11. 

[26] Stephen Snow, Carolina Clerc, Neil Horrocks, Energy audits and eco-feedback: 
exploring the barriers and facilitators of agricultural energy efficiency 
improvements on australian farms, Energy Res. Soc. Sci. 80 (2021), 102225. 

[27] Ashley Morton, Andrew Reeves, Richard Bull, Sam Preston, Empowering and 
engaging european building users for energy efficiency, Energy Res. Soc. Sci. 70 
(2020), 101772. 

J. Adams et al.                                                                                                                                                                                                                                  

https://doi.org/10.1016/j.enpol.2010.05.069
https://doi.org/10.1016/j.enpol.2010.05.069
https://doi.org/10.1068/a42282
https://doi.org/10.1068/a42282
https://doi.org/10.4236/lce.2011.23016
https://doi.org/10.4236/lce.2011.23016
https://doi.org/10.1016/j.erss.2014.04.016
https://doi.org/10.1016/j.erss.2014.04.016
https://doi.org/10.1016/j.envsci.2015.07.011
https://doi.org/10.1016/j.envsci.2015.07.011
https://doi.org/10.1016/j.erss.2019.101256
https://doi.org/10.1016/j.erss.2019.101256
http://refhub.elsevier.com/S2214-6296(22)00222-5/rf202206252345328908
http://refhub.elsevier.com/S2214-6296(22)00222-5/rf202206252345328908
http://refhub.elsevier.com/S2214-6296(22)00222-5/rf202206252345328908
http://refhub.elsevier.com/S2214-6296(22)00222-5/rf202206252345328908
https://eric.ed.gov/?id=ED474505
https://doi.org/10.1016/j.amepre.2008.08.020
https://doi.org/10.1016/j.enpol.2010.12.049
https://doi.org/10.1016/j.enpol.2013.03.010
https://doi.org/10.1016/j.enpol.2013.03.010
https://doi.org/10.1007/s12053-015-9327-5
http://refhub.elsevier.com/S2214-6296(22)00222-5/rf202206252359254606
http://refhub.elsevier.com/S2214-6296(22)00222-5/rf202206252359254606
http://refhub.elsevier.com/S2214-6296(22)00222-5/rf202206252359254606
http://refhub.elsevier.com/S2214-6296(22)00222-5/rf202206252346093941
http://refhub.elsevier.com/S2214-6296(22)00222-5/rf202206252346093941
http://refhub.elsevier.com/S2214-6296(22)00222-5/rf202206252346093941
http://refhub.elsevier.com/S2214-6296(22)00222-5/rf202206260000260739
http://refhub.elsevier.com/S2214-6296(22)00222-5/rf202206260000260739
http://refhub.elsevier.com/S2214-6296(22)00222-5/rf202206252340145276
http://refhub.elsevier.com/S2214-6296(22)00222-5/rf202206252340145276
http://refhub.elsevier.com/S2214-6296(22)00222-5/rf202206252340145276
http://refhub.elsevier.com/S2214-6296(22)00222-5/rf202206260000269371
http://refhub.elsevier.com/S2214-6296(22)00222-5/rf202206260000269371
http://refhub.elsevier.com/S2214-6296(22)00222-5/rf202206260000269371
http://refhub.elsevier.com/S2214-6296(22)00222-5/rf202206260000437883
http://refhub.elsevier.com/S2214-6296(22)00222-5/rf202206260000437883
http://refhub.elsevier.com/S2214-6296(22)00222-5/rf202206260000437883
https://www.osti.gov/biblio/7363665
https://www.osti.gov/biblio/7363665
https://doi.org/10.2172/7328815
https://eric.ed.gov/?id=ED157782
https://eric.ed.gov/?id=ED157782
http://refhub.elsevier.com/S2214-6296(22)00222-5/rf202206252333172438
http://refhub.elsevier.com/S2214-6296(22)00222-5/rf202206252333172438
http://refhub.elsevier.com/S2214-6296(22)00222-5/rf202206252333323951
http://refhub.elsevier.com/S2214-6296(22)00222-5/rf202206252333323951
http://refhub.elsevier.com/S2214-6296(22)00222-5/rf202206252333506177
http://refhub.elsevier.com/S2214-6296(22)00222-5/rf202206252333506177
http://refhub.elsevier.com/S2214-6296(22)00222-5/rf202206252333506177
http://refhub.elsevier.com/S2214-6296(22)00222-5/rf202206252333506177
http://refhub.elsevier.com/S2214-6296(22)00222-5/rf202206252333506177
http://refhub.elsevier.com/S2214-6296(22)00222-5/rf202206252353340050
http://refhub.elsevier.com/S2214-6296(22)00222-5/rf202206252353340050
http://refhub.elsevier.com/S2214-6296(22)00222-5/rf202206252353340050
http://refhub.elsevier.com/S2214-6296(22)00222-5/rf202206252353349443
http://refhub.elsevier.com/S2214-6296(22)00222-5/rf202206252353349443
http://refhub.elsevier.com/S2214-6296(22)00222-5/rf202206252353349443


Energy Research & Social Science 91 (2022) 102718

12

[28] Daniel C. Lundberg, Janine A. Tang, Shahzeen Z. Attari, Easy but not effective: why 
“turning off the lights” remains a salient energy conserving behaviour in the United 
States, Energy Res. Soc. Sci. 58 (2019), 101257. 

[29] Dirk Brounen, Nils Kok, John M. Quigley, Energy literacy, awareness, and 
conservation behavior of residential households, Energy Econ. 38 (2013) 42–50. 

[30] Julia Blasch, Massimo Filippini, Nilkanth Kumar, Boundedly rational consumers, 
energy and investment literacy, and the display of information on household 
appliances, Resour. Energy Econ. 56 (2019) 39–58. 

[31] Bradford Mills, Joachim Schleich, Residential energy-efficient technology 
adoption, energy conservation, knowledge, and attitudes: an analysis of european 
countries, Energy Policy 49 (2012) 616–628. 

[32] Kevin Chadwick, Rebekah Russell-Bennett, Nicholas Biddle, The role of human 
influences on adoption and rejection of energy technology: a systematised critical 
review of the literature on household energy transitions, Energy Res. Soc. Sci. 89 
(2022), 102528. 

[33] Orana Sandri, Sarah Holdsworth, Jan Hayes, Nicola Willand, Trivess Moore, 
Hydrogen for all? Household energy vulnerability and the transition to hydrogen in 
Australia, Energy Res. Soc. Sci. 79 (2021), 102179. 

[34] Tawanna Dillahunt, Jennifer Mankoff, Eric Paulos, Susan Fussell, It’s not all about 
‘green’: energy use in low-income communities, in: Proceedings of the 11th 
International Conference on Ubiquitous Computing, ACM, Orlando Florida USA, 
2009, pp. 255–264, https://doi.org/10.1145/1620545.1620583. 

[35] Judith Schwartz, Low-income-decision-making.pdf, DEFG, 2014. http://defgllc. 
com/publication/low-income-consumer-decision-making/. 

[36] D.R.E. Cotton, J. Winter, W. Miller, L. Dalla Valle, Is students’ energy literacy 
related to their university’s position in a sustainability ranking? Environ. Educ. 
Res. 24 (11) (2018) 1611–1626. 

[37] Lars Keller, Maximilian Riede, Steffen Link, Katharina Hüfner, Johann Stötter, Can 
education save money, energy, and the climate?—Assessing the potential impacts 
of climate change education on energy literacy and energy consumption in the 
light of the EU energy efficiency directive and the Austrian energy efficiency act, 
Energies 15 (3) (2022) 1118. 

[38] Hayley Pearce, Liselot Hudders, Dieneke Van de Sompel, Young energy savers: 
exploring the role of parents, peers, media and schools in saving energy among 
children in Belgium, Energy Res. Soc. Sci. 63 (2020), 101392. 

[39] Gregory Lowan-Trudeau, Teresa Anne Fowler, Towards a theory of critical energy 
literacy: the Youth Strike for Climate, renewable energy and beyond, Aust. J. 
Environ. Educ. (2021) 1–11. 

[40] Robert S. Brewer, George E. Lee, Philip M. Johnson, The Kukui Cup: a dorm energy 
competition focused on sustainable behavior change and energy literacy, in: 2011 
44th Hawaii International Conference on System Sciences, IEEE, 2011, pp. 1–10. 

[41] I. Yarbrough, Q. Sun, D.C. Reeves, K. Hackman, R. Bennett, D.S. Henshel, 
Visualizing building energy demand for building peak energy analysis, Energy 
Build. 91 (2015) 10–15. 

[42] D. Hernández, 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 (2013) e32–e34, https://doi.org/10.2105/ 
AJPH.2012.301179. 

[43] Diana Hernández, Understanding ‘energy insecurity’ and why it matters to health, 
Soc. Sci. Med. 167 (2016) 1–10. 

[44] T. Memmott, S. Carly, M. Graff, D.M. Konisky, Sociodemographic disparities in 
energy insecurity among low-income households before and during the COVID-19 
pandemic, Nat. Energy 6 (2021) 186–193, https://doi.org/10.1038/s41560-020- 
00763-9. 

[45] G.O. Boateng, M.R. Balogun, F.O. Dada, F.A. Armah, Household energy insecurity: 
dimensions and consequences for women, infants and children in low-and middle- 
income countries, Soc. Sci. Med. 258 (2020), 113068. 

[46] Michelle Graff, Sanya Carley, David M. Konisky, Trevor Memmott, Which 
households are energy insecure? An empirical analysis of race, housing conditions, 
and energy burdens in the United States, Energy Res. Soc. Sci. 79 (2021), 102144. 

[47] Harriet Thomson, Carolyn Jane Snell, Christine Liddell, Fuel poverty in the 
European Union: a concept in need of definition? People Place Policy (2016) 5–24. 
Online. 

[48] Brenda Boardman, Fixing Fuel Poverty: Challenges and Solutions, Routledge, 2013. 
[49] Caitlin Robinson, Stefan Bouzarovski, Sarah Lindley, ‘Getting the measure of fuel 

poverty’: the geography of fuel poverty indicators in England, Energy Res. Soc. Sci. 
36 (2018) 79–93. 

[50] Harriet Thomson, Rosie Day, Karla Ricalde, Lina I. Brand-Correa, Karla Cedano, 
Manuel Martinez, Oscar Santillan, Understanding, recognizing, and sharing energy 
poverty knowledge and gaps in Latin America and the Caribbean–because conocer 
es resolver, Energy Res. Soc. Sci. 87 (2022), 102475. 

[51] Ross Gillard, Carolyn Snell, Mark Bevan, Advancing an energy justice perspective 
of fuel poverty: household vulnerability and domestic retrofit policy in the United 
Kingdom, Energy Res. Soc. Sci. 29 (2017) 53–61. 

[52] Saska Petrova, Alexandra Prodromidou, Everyday politics of austerity: 
infrastructure and vulnerability in times of crisis, Environ. Plan. C Polit. Space 37 
(8) (2019) 1380–1399. 

[53] Stefan Bouzarovski, Harriet Thomson, Energy vulnerability in the grain of the city: 
toward neighborhood typologies of material deprivation, Ann. Am. Assoc. Geogr. 
108 (3) (2018) 695–717. 

[54] Stefan Buzar, When homes become prisons: the relational spaces of postsocialist 
energy poverty, Environ. Plan. A: Econ. Space 39 (8) (August 2007) 1908–1925, 
https://doi.org/10.1068/a38298. 

[55] Karl-Michael Brunner, Markus Spitzer, Anja Christanell, Experiencing fuel poverty. 
Coping strategies of low-income households in Vienna/Austria, Energy Policy 49 
(2012) 53–59. 

[56] Michelle Graff, Sanya Carley, COVID-19 assistance needs to target energy 
insecurity, Nat. Energy 5 (5) (2020) 352–354. 

[57] Noel Longhurst, Tom Hargreaves, Emotions and fuel poverty: the lived experience 
of social housing tenants in the United Kingdom, Energy Res. Soc. Sci. 56 (2019), 
101207. 

[58] Pepa Ambrosio-Albala, Lucie Middlemiss, Anne Owen, Tom Hargreaves, 
Nick Emmel, Jan Gilbertson, Angela Tod, From rational to relational: how energy 
poor households engage with the British retail energy market, Energy Res. Soc. Sci. 
70 (2020), 101765. 

[59] Hyerim Yoon, David Sauri, ‘No more thirst, cold, or darkness!’–Social movements, 
households, and the coproduction of knowledge on water and energy vulnerability 
in Barcelona, Spain, Energy Res. Soc. Sci. 58 (2019), 101276. 

[60] Tomas Ariztia, Francisca Fonseca, Oriana Bernasconi, Heating ecologies: 
resituating stocking and maintenance in domestic heating, Energy Res. Soc. Sci. 47 
(2019) 128–136. 

[61] Tomas Ariztia, Felipe Raglianti, The material politics of solar energy: exploring 
diverse energy ecologies and publics in the design, installation, and use of off-grid 
photovoltaics in Chile, Energy Res. Soc. Sci. 69 (2020), 101540. 

[62] Michel Foucault, The history of sexuality. 1st American ed. New York: Pantheon 
Books.———. 1996. “What is critique, in: What Is Enlightenment? Eighteenth- 
Century Answers and Twentieth-Century Questions, edited by James Schmidt, 
Philosophical Traditions, 7, University of California Press, Berkeley, 1978, 
pp. 382–398. 

[63] Patricia Hill Collins, Black Feminist Thought: Knowledge, Consciousness, and the 
Politics of Empowerment, routledge, 2002. 

[64] Donna Haraway, Situated knowledges: the science question in feminism and the 
privilege of partial perspective, Fem. Stud. 14 (3) (1988) 575, https://doi.org/ 
10.2307/3178066. 

[65] George E. Marcus, Michael M.J. Fischer, Anthropology as Cultural Critique: An 
Experimental Moment in the Human Sciences, University of Chicago Press, 
Chicago, 1986. 

[66] Kim Fortun, Ethnography in/of/as open systems”. Reviews in anthropology 32: 
21.———. 2012. “Ethnography in Late Industrialism, Cult. Anthropol. 27 (3) 
(2003) 446–464, https://doi.org/10.1111/j.1548-1360.2012.01153.x. 

[67] George E. Marcus, Ethnography two decades after writing culture: from the 
experimental to the baroque, Anthropol. Q. 80 (4) (2007) 1127–1145. 

[68] Alison Kenner, Alexandra Skula, Deepa Mankikar, Ian Zimmermann, Eliza Nobles, 
Julia Menzo, Thomas Flaherty, Russell Zerbo, The climate-ready home: teaching 
limate change in the context of asthma management, Environ. Justice 13 (4) 
(2020) 101–108. 

[69] James Goodman, Jonathan Paul Marshall, Problems of methodology and method in 
climate and energy research: socialising climate change? Energy Res. Soc. Sci. 45 
(2018) (2018) 1–11. 

[70] Michael Liedtke, Cathy Bussewitz, Damage from virus: utility bills overwhelm 
some households, April 20, 2021, AP NEWS, 2021, https://apnews.com/article 
/overdue-energy-bills-pandemic-fb2f14c89027dc2440c617017c8c7d80. 

J. Adams et al.                                                                                                                                                                                                                                  

http://refhub.elsevier.com/S2214-6296(22)00222-5/rf202206252353361505
http://refhub.elsevier.com/S2214-6296(22)00222-5/rf202206252353361505
http://refhub.elsevier.com/S2214-6296(22)00222-5/rf202206252353361505
http://refhub.elsevier.com/S2214-6296(22)00222-5/rf202206252353373268
http://refhub.elsevier.com/S2214-6296(22)00222-5/rf202206252353373268
http://refhub.elsevier.com/S2214-6296(22)00222-5/rf202206252353385239
http://refhub.elsevier.com/S2214-6296(22)00222-5/rf202206252353385239
http://refhub.elsevier.com/S2214-6296(22)00222-5/rf202206252353385239
http://refhub.elsevier.com/S2214-6296(22)00222-5/rf202206252353447774
http://refhub.elsevier.com/S2214-6296(22)00222-5/rf202206252353447774
http://refhub.elsevier.com/S2214-6296(22)00222-5/rf202206252353447774
http://refhub.elsevier.com/S2214-6296(22)00222-5/rf202206252353484881
http://refhub.elsevier.com/S2214-6296(22)00222-5/rf202206252353484881
http://refhub.elsevier.com/S2214-6296(22)00222-5/rf202206252353484881
http://refhub.elsevier.com/S2214-6296(22)00222-5/rf202206252353484881
http://refhub.elsevier.com/S2214-6296(22)00222-5/rf202206252353498563
http://refhub.elsevier.com/S2214-6296(22)00222-5/rf202206252353498563
http://refhub.elsevier.com/S2214-6296(22)00222-5/rf202206252353498563
https://doi.org/10.1145/1620545.1620583
http://defgllc.com/publication/low-income-consumer-decision-making/
http://defgllc.com/publication/low-income-consumer-decision-making/
http://refhub.elsevier.com/S2214-6296(22)00222-5/rf202206252353509222
http://refhub.elsevier.com/S2214-6296(22)00222-5/rf202206252353509222
http://refhub.elsevier.com/S2214-6296(22)00222-5/rf202206252353509222
http://refhub.elsevier.com/S2214-6296(22)00222-5/rf202206252353598153
http://refhub.elsevier.com/S2214-6296(22)00222-5/rf202206252353598153
http://refhub.elsevier.com/S2214-6296(22)00222-5/rf202206252353598153
http://refhub.elsevier.com/S2214-6296(22)00222-5/rf202206252353598153
http://refhub.elsevier.com/S2214-6296(22)00222-5/rf202206252353598153
http://refhub.elsevier.com/S2214-6296(22)00222-5/rf202206252335264906
http://refhub.elsevier.com/S2214-6296(22)00222-5/rf202206252335264906
http://refhub.elsevier.com/S2214-6296(22)00222-5/rf202206252335264906
http://refhub.elsevier.com/S2214-6296(22)00222-5/rf202206252335275091
http://refhub.elsevier.com/S2214-6296(22)00222-5/rf202206252335275091
http://refhub.elsevier.com/S2214-6296(22)00222-5/rf202206252335275091
http://refhub.elsevier.com/S2214-6296(22)00222-5/rf202206252335483941
http://refhub.elsevier.com/S2214-6296(22)00222-5/rf202206252335483941
http://refhub.elsevier.com/S2214-6296(22)00222-5/rf202206252335483941
http://refhub.elsevier.com/S2214-6296(22)00222-5/rf202206252354136326
http://refhub.elsevier.com/S2214-6296(22)00222-5/rf202206252354136326
http://refhub.elsevier.com/S2214-6296(22)00222-5/rf202206252354136326
https://doi.org/10.2105/AJPH.2012.301179
https://doi.org/10.2105/AJPH.2012.301179
http://refhub.elsevier.com/S2214-6296(22)00222-5/rf202206252354167038
http://refhub.elsevier.com/S2214-6296(22)00222-5/rf202206252354167038
https://doi.org/10.1038/s41560-020-00763-9
https://doi.org/10.1038/s41560-020-00763-9
http://refhub.elsevier.com/S2214-6296(22)00222-5/rf202206252354184492
http://refhub.elsevier.com/S2214-6296(22)00222-5/rf202206252354184492
http://refhub.elsevier.com/S2214-6296(22)00222-5/rf202206252354184492
http://refhub.elsevier.com/S2214-6296(22)00222-5/rf202206252354215970
http://refhub.elsevier.com/S2214-6296(22)00222-5/rf202206252354215970
http://refhub.elsevier.com/S2214-6296(22)00222-5/rf202206252354215970
http://refhub.elsevier.com/S2214-6296(22)00222-5/rf202206252336243847
http://refhub.elsevier.com/S2214-6296(22)00222-5/rf202206252336243847
http://refhub.elsevier.com/S2214-6296(22)00222-5/rf202206252336243847
http://refhub.elsevier.com/S2214-6296(22)00222-5/rf202206252336385959
http://refhub.elsevier.com/S2214-6296(22)00222-5/rf202206252354226329
http://refhub.elsevier.com/S2214-6296(22)00222-5/rf202206252354226329
http://refhub.elsevier.com/S2214-6296(22)00222-5/rf202206252354226329
http://refhub.elsevier.com/S2214-6296(22)00222-5/rf202206252341206469
http://refhub.elsevier.com/S2214-6296(22)00222-5/rf202206252341206469
http://refhub.elsevier.com/S2214-6296(22)00222-5/rf202206252341206469
http://refhub.elsevier.com/S2214-6296(22)00222-5/rf202206252341206469
http://refhub.elsevier.com/S2214-6296(22)00222-5/rf202206252354275681
http://refhub.elsevier.com/S2214-6296(22)00222-5/rf202206252354275681
http://refhub.elsevier.com/S2214-6296(22)00222-5/rf202206252354275681
http://refhub.elsevier.com/S2214-6296(22)00222-5/rf202206252337026230
http://refhub.elsevier.com/S2214-6296(22)00222-5/rf202206252337026230
http://refhub.elsevier.com/S2214-6296(22)00222-5/rf202206252337026230
http://refhub.elsevier.com/S2214-6296(22)00222-5/rf202206252354382899
http://refhub.elsevier.com/S2214-6296(22)00222-5/rf202206252354382899
http://refhub.elsevier.com/S2214-6296(22)00222-5/rf202206252354382899
https://doi.org/10.1068/a38298
http://refhub.elsevier.com/S2214-6296(22)00222-5/rf202206252355026723
http://refhub.elsevier.com/S2214-6296(22)00222-5/rf202206252355026723
http://refhub.elsevier.com/S2214-6296(22)00222-5/rf202206252355026723
http://refhub.elsevier.com/S2214-6296(22)00222-5/rf202206252355042494
http://refhub.elsevier.com/S2214-6296(22)00222-5/rf202206252355042494
http://refhub.elsevier.com/S2214-6296(22)00222-5/rf202206252355104441
http://refhub.elsevier.com/S2214-6296(22)00222-5/rf202206252355104441
http://refhub.elsevier.com/S2214-6296(22)00222-5/rf202206252355104441
http://refhub.elsevier.com/S2214-6296(22)00222-5/rf202206252342185779
http://refhub.elsevier.com/S2214-6296(22)00222-5/rf202206252342185779
http://refhub.elsevier.com/S2214-6296(22)00222-5/rf202206252342185779
http://refhub.elsevier.com/S2214-6296(22)00222-5/rf202206252342185779
http://refhub.elsevier.com/S2214-6296(22)00222-5/rf202206252355127467
http://refhub.elsevier.com/S2214-6296(22)00222-5/rf202206252355127467
http://refhub.elsevier.com/S2214-6296(22)00222-5/rf202206252355127467
http://refhub.elsevier.com/S2214-6296(22)00222-5/rf202206252355165566
http://refhub.elsevier.com/S2214-6296(22)00222-5/rf202206252355165566
http://refhub.elsevier.com/S2214-6296(22)00222-5/rf202206252355165566
http://refhub.elsevier.com/S2214-6296(22)00222-5/rf202206252355208257
http://refhub.elsevier.com/S2214-6296(22)00222-5/rf202206252355208257
http://refhub.elsevier.com/S2214-6296(22)00222-5/rf202206252355208257
http://refhub.elsevier.com/S2214-6296(22)00222-5/rf202206252342576953
http://refhub.elsevier.com/S2214-6296(22)00222-5/rf202206252342576953
http://refhub.elsevier.com/S2214-6296(22)00222-5/rf202206252342576953
http://refhub.elsevier.com/S2214-6296(22)00222-5/rf202206252342576953
http://refhub.elsevier.com/S2214-6296(22)00222-5/rf202206252342576953
http://refhub.elsevier.com/S2214-6296(22)00222-5/rf202206252337350998
http://refhub.elsevier.com/S2214-6296(22)00222-5/rf202206252337350998
https://doi.org/10.2307/3178066
https://doi.org/10.2307/3178066
http://refhub.elsevier.com/S2214-6296(22)00222-5/rf202206252337490735
http://refhub.elsevier.com/S2214-6296(22)00222-5/rf202206252337490735
http://refhub.elsevier.com/S2214-6296(22)00222-5/rf202206252337490735
https://doi.org/10.1111/j.1548-1360.2012.01153.x
http://refhub.elsevier.com/S2214-6296(22)00222-5/rf202206252355310881
http://refhub.elsevier.com/S2214-6296(22)00222-5/rf202206252355310881
http://refhub.elsevier.com/S2214-6296(22)00222-5/rf202206252355513308
http://refhub.elsevier.com/S2214-6296(22)00222-5/rf202206252355513308
http://refhub.elsevier.com/S2214-6296(22)00222-5/rf202206252355513308
http://refhub.elsevier.com/S2214-6296(22)00222-5/rf202206252355513308
http://refhub.elsevier.com/S2214-6296(22)00222-5/rf202206252338268226
http://refhub.elsevier.com/S2214-6296(22)00222-5/rf202206252338268226
http://refhub.elsevier.com/S2214-6296(22)00222-5/rf202206252338268226
https://apnews.com/article/overdue-energy-bills-pandemic-fb2f14c89027dc2440c617017c8c7d80
https://apnews.com/article/overdue-energy-bills-pandemic-fb2f14c89027dc2440c617017c8c7d80

	What is energy literacy? Responding to vulnerability in Philadelphia's energy ecologies
	1 Introduction
	2 An ecology of energy literacies
	2.1 Resituating energy literacy research
	2.2 Pinning vulnerability to energy literacy
	2.3 Ecological paradigms and energy systems

	3 Methods
	3.1 An ethnography of energy vulnerability in Philadelphia
	3.2 Pivoting with the pandemic
	3.3 Comparative analysis of interview groups

	4 Community-based energy education
	5 Responding to utility shutoffs
	6 Conclusion
	Declaration of competing interest
	Acknowledgments
	References


