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Abstract

Background Energy hardship can be broadly understood as a situation in which individuals or households are
unable to afford basic energy services necessary for sustaining their wellbeing. Despite conceptual challenges

and overlaps with similar narratives (e.g., fuel poverty), the literature on energy hardship continues to expand. It
represents a critical intersection with sustainable energy systems that reveals both challenges and opportunities

in the transition towards clean energy solutions. However, few energy hardship programmes have been examined
from a policy perspective. Our study aims to address this knowledge gap by providing a systematic analysis of a sam-
ple of 67 energy hardship programmes implemented across Australia, Canada, the United Kingdom, the United States,
and more than 20 European countries. Guided by specific research questions and supported by directed content
analysis, we focus on five areas: dominant policy rationales, main policy goals, supportive policy instruments, stake-
holders, and key performance indicators (KPIs).

Results Despite an important degree of heterogeneity among the reviewed programmes, findings revealed com-
monalities across significant design and implementation areas. Policy rationales often rely on two significant pil-

lars: narratives related to energy poverty (and related concepts), and market barriers and failures related to energy
efficiency or decentralised renewable energy systems. Policy goals encompass three distinct areas: finance, knowl-
edge, and technology/infrastructure. Policy instruments supporting energy hardship programmes are predominantly
economic in nature. However, the review of programmes reveals a significant gap in robust estimates of cost-
effectiveness or economic efficiency. Results also show that the design and implementation of programmes often
involve a diversity of stakeholders. The review reveals that there is an abundance of KPIs that can (potentially) support
the monitoring and assessment of programmes.

Conclusions Overall, our study reveals significant policy lessons regarding the links, dynamics, and complexities
associated with the design and implementation of energy hardship programmes. It underscores the importance

of evidence-based evaluations to enhance the ability of policymakers and managers to effectively alleviate the suf-
fering of those facing energy hardship. Results can be of particular interest to countries where policy discussions
about energy hardship are emerging, and where there is a need for knowledge to inform decision-making on future
programmes that support just and inclusive clean energy transitions.
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Background

An increasing number of governments, utilities, energy
specialists, and researchers are focussing their attention
on energy hardship. Driven by significant sustainability
challenges such as poverty, inequality, unemployment,
human health disparities, rising energy prices, and cli-
mate change, the growing literature on energy hardship
is re-emphasising policy issues related to, for instance,
energy poverty [1], energy vulnerability [2], energy inse-
curity [3], energy justice [4], and fuel poverty [5]." As a
whole, energy hardship represents a significant sustain-
ability challenge closely intertwined with broader energy
system structures, energy access, social equity, and a just
transition.

There is no single definition of energy hardship, and
multiple conceptual connotations exist [6].2 Indeed,
numerous conceptual overlaps and policy intersections
within, for example, fuel poverty and energy vulnerabil-
ity can be discerned. This is unsurprising, considering
that energy hardship has multiple conceptual ramifica-
tions and policy implications with many aspects associ-
ated with it (e.g., energy affordability) traceable back to,
for example, energy security (i.e., reliable and affordable
supply of energy without disruptions) [7], energy for sus-
tainable development (i.e., production and use of energy
that supports both present and future human develop-
ment considering social, economic, and environmental
dimensions) [8], sustainable energy access (i.e., equita-
ble provision of reliable, affordable, and environmentally
sound energy services to all individuals and communi-
ties) [9], and energy justice (i.e., ensuring, at a minimum,
distributional, recognition, and procedural justice during
the development and implementation of energy systems)
[3]. However, the growing literature on energy hardship
points to various conceptual connotations, and specific
inter-related policy challenges are emerging.

First, the concept of energy hardship aims to connect
the provision of sustainable energy services with equity,
affordability, housing, and health [3, 6]. In particular,
we observe a renewed emphasis on the role of energy
services in supporting or increasing human wellbeing;
particularly among low-income households. In this con-
text, energy hardship is understood as a condition in
which individuals, households, or communities “are not

! See Sect. "Results" for specific conceptualisations of these terms.

% See [3] for a review of the concepts related to energy hardship in the con-
text of energy justice.

able to obtain adequate energy services to support their
wellbeing” ([10], p.8). Likewise, energy hardship is also
defined as “a state where a household is unable to meet
basic energy needs” ([11], p.491). In addition, sustainable
energy sources are put forward as a solution to energy
hardship. For example, decentralised solar photovoltaic
technology systems hold significant potential to provide
universal, affordable energy access and alleviate energy
poverty across vulnerable and/or underserved commu-
nities [12]. This framing positions energy not merely as
a commodity but as an essential service underpinning
human dignity, quality of life, and wellbeing.

Second, one can also identify a marked focus on house-
hold finances and arrears on utility bills. Energy hardship
is then defined as “the inability to pay the electric or gas
utility bill” ([13], p.889), which can have negative impli-
cations for sustaining basic needs and human health.
Similarly, ‘hardship customers’ are defined as individuals
who face challenges in covering their energy costs [14].
Whereas energy poverty highlights the broader depri-
vation of essential energy services and its multifaceted
impacts on wellbeing and development [15], energy hard-
ship seems more focussed on the immediate challenges of
meeting energy needs. Discussing hardship across mul-
tiple economic sectors, including energy, Pearson ([16],
p.241) highlights the inability to pay and “the impact of
the unforeseen” as important conceptual elements.

Therefore, third, emphasis on consumer protection
is emphasised in the literature. Studies show that finan-
cially-disadvantaged households are more likely to face
energy hardship than high-income households [17, 18].
Thus, energy hardship initiatives are critical to support
consumers who experience financial insecurity or vulner-
ability [19]. When analysing financial hardship and regu-
latory frameworks in particular, it is argued that energy
suppliers have an obligation to help customers who expe-
rience economic problems to pay their bills [16].

Fourth, the literature also underscores the relationship
between energy hardship, housing quality, and health.
For example, Bravo-Catala et al. [20] found that prioritis-
ing food consumption over the payment of energy bills is
an important driver of energy hardship, which has nega-
tive health consequences; particularly if accompanied
with poor housing quality. O’Sullivan and Viggers [21]
also emphasise the links between energy hardship and
the quality of the building stock, and identify a variety of
related health risks and impacts (e.g., respiratory prob-
lems, depression, and anxiety). As a result, Hunter and
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Lewis [22] highlight the significant and strategic role the
health sector should play in reducing energy hardship.

From a sustainability point of view, the reviewed lit-
erature reveals that the causes of energy hardship are
multifaceted and interconnected. At the risk of over-
simplification, they encompass a range of economic,
environmental, infrastructure, and social factors that
disproportionately affect marginalised communities and
low-income households [4, 20, 23-25]. In turn, energy
hardship can impose severe and long-term impacts on
the wellbeing and livelihoods of individuals and com-
munities including, for example, health problems, behav-
ioural issues, financial strains, educational disadvantage,
social isolation, housing insecurity, and emotional and
psychological stress [1, 5, 13, 26]. Considering pressing
sustainability challenges like climate change, Jessel et al.
([1], p.14) argue that “collective vulnerabilities to energy
hardship need to be addressed with extreme urgency”. In
fact, it is estimated that the risks of experiencing energy
hardship increase during periods of extreme heat and
cold [27]. In addition, taking into account the signifi-
cant disparities in carbon emissions [28] and energy use
[29] both among and within countries, the discourse on
energy hardship underscores the unequal and dispropor-
tionate distribution of costs and benefits across different
societal groups [30, 31]. Therefore, addressing energy
hardship requires comprehensive policies and strategies
that tackle both immediate challenges and long-term
systemic issues related to energy pricing, building retro-
fits, access to energy services, affordability, equality, and
health, all of which are integral to energy for sustainable
development [1, 12, 13, 20, 21, 24, 25].

In response to these challenges, we observe a growing
number of programmes that are more explicitly dedi-
cated to energy hardship (details in "Methods" section).
While not exhaustive, the literature analysing energy
hardship initiatives and generating policy recommenda-
tions reveals the following aspects. First, energy hardship
initiatives aim to mitigate the potential negative stigma
attached to programmes labelled as ‘energy poverty’ or
’fuel poverty, which can affect households in need [5] and
decrease their participation [3]. Second, energy hardship
programmes focus mostly on specific monetary elements
related to e.g., financial strain and payment of energy
bills, which can provide a narrow and incomplete por-
trait of energy hardship [26]. Furthermore, programmes
run the risk of ignoring the root causes of energy hard-
ship in favour of financial (retrospective) compensa-
tion [32]. Third, studies confirm that energy hardship is
caused by a variety of factors (e.g., income, demograph-
ics, geographical location, energy use, housing condi-
tions), which require comprehensive policy approaches
[21, 25, 33]. High housing costs, relative to low incomes,
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emerge as a significant determinant of energy hardship
[34]. This accentuates the need for financial assistance in
energy hardship programmes. Fourth, emphasising the
need for holistic approaches, priority groups are not only
burdened by attempts to save energy and money, but also
with tasks and anxieties related to energy hardship (e.g.,
dealing with significant trade-offs at home [‘heat or eat’]
and coping with often onerous programme administra-
tive requirements) [35]. However, finally, the literature
also shows that targeted hardship policies can be effec-
tive in reducing the frequency and intensity of fuel pov-
erty [36].

While this growing body of knowledge is providing
useful policy insights at the national, programme-specific
level, we observe a lack of systematic reviews and syn-
thesis of energy hardship programmes internationally.?
From a policy perspective, we observe a lack of knowl-
edge about key policy issues that governments, utilities,
energy specialists, and researchers can extract horizon-
tally across energy hardship programmes implemented in
several countries. Our study aims to address this knowl-
edge gap and complement the existing literature. Based
on the reviewed literature, our study is guided by the fol-
lowing research questions:

+ What are the dominant policy rationales that justify
energy hardship programmes?

+ What are the primary goals of energy hardship pro-
grammes from a policy standpoint?

+ What are the main policy instruments supporting
energy hardship programmes?

+ Who are the main stakeholders involved in the sup-
ply and demand of the programmes?

+ What are the (potential) key performance indicators
that can be used to monitor and assess energy hard-
ship programmes?

Based on the above, our study aims to provide a sys-
tematic, cross-country policy analysis of 67 energy hard-
ship programmes addressing equity and low-carbon
energy services (details in "Methods" section). Guided by
specific research questions and supported by a directed
content analysis, the focus of our research is on the expe-
riences with policy design, implementation, and moni-
toring. In turn, we aim to provide lessons that can be
used as a workable, specific framework to address energy
hardship in the future. This may be of particular inter-
est to countries where policy discussions about energy

3 We observed that studies using the term energy hardship are more com-
mon in Australia and Aotearoa New Zealand compared to other parts of the
world, where alternative terminology such as energy or fuel poverty is more
prevalent.
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hardship are emerging, and where there is a need to sup-
port decision-making processes with a systematic review
and synthesis of related initiatives.

Within this context, we acknowledge that it is chal-
lenging to separate energy hardship from the broader,
overarching, and multifaceted problems and policy
issues associated with energy poverty or energy justice.
Our paper does not seek to delve into semantics and
compare the terminology or specific definitions. Read-
ers seeking such analyses are directed to existing stud-
ies that have already addressed these issues (see e.g., [3,
5, 24]). Instead, we are guided by current studies and
definitions (as briefly summarised in the preceding para-
graphs) to scope down our policy review. Thus, the focus
is on the initiatives and their core policy elements rather
than conceptual academic discussions. Furthermore,
we build upon the policy efforts conducted in Aotearoa
New Zealand that, via an expert panel, reference group,
and extensive public consultation, have sought to pro-
vide conceptual clarifications and focus areas for energy
hardship.*

The paper is structured as follows. "Methods" section
provides details of our methodological approach. Atten-
tion is given to the chosen case studies and the applied
directed content analysis. "Results” section outlines the
findings of our policy review. They are elaborated follow-
ing our research questions. We discuss our main policy
reflections in "Discussion” section. We focus on the con-
ditions that may affect the outcomes and impacts of the
reviewed programmes. Conclusions are drawn in "Con-
clusions" section.

Methods

The methodology used in this study was simple, and con-
sisted of a directed content analysis based on a nonran-
dom sampling strategy. The study is exploratory in nature,
but also guided by a deductive analytical approach and
specific research questions. Details are given below.

Analytical approach

To guide the analysis, we apply directed content analysis
as a deductive method used in qualitative research. The
aim is to systematically classify, analyse, and interpret
the content of various forms of information [37]. In our
case, it entailed the identification and examination of
explicit and implicit policy issues (details below) related
to energy hardship (and policy) across the reviewed pro-
grammes. The approach is guided by existing conceptual
frameworks (e.g., energy poverty), and prior research
(e.g., policy evaluation of energy-efficiency programmes).

* For details visit https://www.mbie.govt.nz/building-and-energy/energy-
and-natural-resources/energy-hardship/
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Specifically, and guided by Elo and Kyngés [37] and
Hsieh and Shannon [38], the following methodological
steps were undertaken. First, based on a literature review
about energy hardship (as briefly summarised in "Back-
ground” section), we began by identifying key areas as
initial (coding) categories. Supported by our literature
review, specific research questions were developed to
frame the analysis under each specific category (see col-
umn 1 in Table 1). Second, building upon the literature on
public policy evaluation [39], policy evaluation as applied
to energy use [40], and energy justice [41], we established
operational definitions for each identified category (see
column 2 in Table 1). Consequently, the development of
categories and guiding questions applied to the energy
hardship literature led to the identification of specific
sub-categories and terms that acted as the primary guide
for coding the data whenever possible (see column 3 in
Table 1). Third, data collection was conducted based on
a nonprobability sampling approach. The sample (details
in the next section) was composed of 67 energy hard-
ship programmes and can be categorised as convenient
and purposive [42]. This is because the sample was the
most accessible to the researchers and guided by specific
focussed areas established by an expert panel convened
by the NZ government (see details also in the next sec-
tion). Fourth, we applied the predefined categories to the
sample. Depending on data availability, coding and fre-
quencies were made to the fullest possible extent. This
was feasible for market failures and barriers (sub-set of
category 1), policy instruments (category 3), and stake-
holders (category 4). Finally, both coded and noncoded
materials were examined to identify patterns, relation-
ships, and specific themes. The interpretation of these
findings was conducted in the context of the reviewed lit-
erature and our research questions (see methodological
steps 1 and 2 above).

Sample

We reviewed 67 energy hardship programmes across
Australia, Canada, the United Kingdom, the United
States, and more than 20 European countries. An over-
view is shown in Table 2, including its geographical dis-
tribution (see first column). For a detailed description see
Rotmann [51].

To identify and select the case studies, we were guided
by the focus areas established by the ‘Energy Hardship
Expert Panel’ in Aotearoa New Zealand [52]. These focus
areas are briefly described below. For details see MBIE
[52]:

o Health of the home: Energy hardship programmes
should aim to improve the wellbeing of individu-
als, households, and communities through healthier


https://www.mbie.govt.nz/building-and-energy/energy-and-natural-resources/energy-hardship/
https://www.mbie.govt.nz/building-and-energy/energy-and-natural-resources/energy-hardship/

Page 5 of 28

(2025) 15:41

Rotmann et al. Energy, Sustainability and Society

Joyedipul ‘uonedyiuenb ‘jeubis
'3e2S “HYIBWYDUG Yiew Uasleul xapul ‘9bneb ‘ainseaul DLIaN

Ajunwuwod

Ayouruw ‘Ayunuwiwod [eind ‘sdnoib snousbipuy ‘sjdoad pajgesip
'AJSPI2 “AUUNWWIOD 3|GRI2UINA ‘SPIOYISNOY 3|geI3UINA ‘PJoyasnoy
SUIODUI-MO| ‘UOI1RID0SSE Ansnpul eyewiAdijod ‘ssiijnn ignd
[e42USB ‘UOIINLASUI YDIeSS I ‘SI9PIA0ID SUIIUOI PUB AL UNUWWOD
"(SODN) SUONESIUBDIO [IUSWUISACH-UOU WUSWIUISACD (ISP}
"JUSWIUISA0D [BD0] JUSWIUISAOCD [BUOIBRI JUSWUISAOCD [BUONEN

SUONUSAJSIUI [BINOIARYSQ ‘S9AIBNIUI ‘SowWeIbold

‘SYURUDAOD ‘SIUSWISIHR A1RIUN|OA ‘(UOIIBAOUUL ‘S9IAISS ‘S10]1d 103
-oud uopensuowap ‘ggy ‘bulpuny ‘Abojouydal ABIaus djgemaual
‘sopesbdn pub ‘quswdojeasp pub “H°9) 21n1onJISeIUl PUE JUSW
-dojansp 1 yoieasal ‘(bululesy ‘subledwed [euoedNPs Yoeqpasy
‘Inpe AB1aua ‘ssaualeme diignd “69) Buip|ing A1peded pue
uonewlojul ‘(suonebijgo Aiorepueud ‘sspod bulp|ing ‘se1edyiiad
ABJaus ‘spiepuels aduewlopad “63) sainseawl Aloye|nbal ‘(sypaid
X} ‘s91egal ‘sueo) ‘syuelb ‘Apisgns “6-) s1UsWINIISUL DILIOU0DT

Bujag|jam ‘uoisnpdul [e1os

‘110JW0D ‘s3uswaA0Id Wl Y1jeay ‘SUoIdNPal UoIssIuR ‘sopelbdn
‘adojaAus bulp|ing ‘UoIPAOUSI ‘S4N1DNIISelUl JO UOISIACI
‘Aouadyya ABIsus paseaidul ‘Bulyew-uolsidap paroiduwl ‘Adeay|

[0S '6%7] S9AI1D3(qO 10 S|eohH /suon

PRUYSP JO JUSWIYSI|AWODIR 31 91BN|PAS PUR 9DURWLIOLSd IO} -UaAJ2IUI PaMBIASI Y] JO oUDWIOJISA 3] SS3SSD 10 JOJIUOW 0 pasn

-luow 01 sdjay 1| -dwwleibold e Jo ain|ie} JO $5930NS Y} SSISSE 0} 3G UDD 1DY] SI01D2IpUl 22UDWLIOLSd A3y (JD1U2I0d) 3Y1 21D 1Y/

pasn pue paubisap SI 1ey) dLISU JUPAS[S] JO SN|eA 3|qRINSEIW SI01eD1pUl 9duUBWIOMd AY i A106310)
(8% 'L¥]

(S)UOIUAIRIUI 33 JO (S1DRAWI| PUB SDWODINO Y104) S10a43 pue
uolenjead ‘uoneluswaldul ‘ubissp ayi adeys Jo dwely pue s3|oJ

1UJapIp Aejd UeD SISP|OYXeIS (5)[POD 119Y1 PUR (S)UOIIUSAIDIUI /suonuanizul A310d Jo pupwiap
£2110d (J0 195) Jejndnued e AG Pa1dayje a1 IO Ul 152491l Ue pup Ajddns ay1 410q Ul paAJOAU SI3PJOYDIS UIDLI 341 /D OY/)
9ARY 1eY] $3111U IO ‘suoliesiuebio ‘sdnoib ‘senpiaipul 1e asay | SI9pjoyels i A10b2107)

[9% ‘6€] swajqouid
Ad1j0d BulAjos pue ‘saA193(qo Jo sjeob dypads buiaaiyde jo

wie ay3 yam suonesiuebio s1eaud Jo/pue sanuoyine dijgnd Aq /sauiuipiboid ayp jo uon
pakojdwia (Me] ‘yoseasal ‘yuswadxe 10)1d ‘uejd ‘SANdRIIP  -DiuaWIdW] oyl 1oddns 1py3 Siuawiniisul A5jod uibw ay3 310 10y
‘ABa1eu1s ‘swwelboid “6-9) wisiueydaw Jo ‘|ool ‘anbiuydal Auy (s)ruawnasul Ao110d :€ L10b210>

(9% J2] S2ARD3(qO (patedidnue) JIayl Bulleaw Ul SUOIIUSAIIUL JO
s1oedW| pUB S3U0INO Y1 (150d-X2 10 23UD-X3) Bulen|eAs 10j
yiomaulely ayi apiroid pue ‘sisxewAdlod pue sisbeuew

ABJaua ‘Buip|ing Aideded ‘uolreullojul Jo uolsiAoid ‘uaping swiwelboid 10y asodind pue uoidUIP ISYO $|e0D) "SASIYDe O} (UONUBAIRIUI PaMBIA2I 33 JO S|pob Ad1jod utbw ay3 210 1D/
J1UoU09 ‘djay d1wouoda ‘Loddns [eIdueUY ‘9dURISISSE [BIdUBUL UJle SUOIIUAISIUI 1BY} S1D3Y9 PaIISIP PUB S9ARDS(CO 3y | (s)]eob Adij0d 7 L106310)
Sain|e} [eINOIARYS( ‘SID1IIECG [INOIABYSQ ‘S3I|PLIOUE [RINOIARYSC [Sh—£t7) 9Aj0S 01 swile 1) 1yl wajgo.d aya ujejdxa 01 sdjay pue cuon
‘sain|iey 13Jewl ‘siatiieq 1axy/ew ‘Auaaod [any ‘Aiinbs Abisus ‘diys SUOIUSAIDIUIL J0J SISBQ DY) SOPIA0ID S|BUOIIRI BY[ UOISIDSP  -UaAJSIUI PaMBIASI Y] Ul S3jpuoiDl A21j0d JubUILIOp Y3 34D 1DY/)
-piey Abiaua ‘2ansn( ABiaua ‘Aujigelauina Abisua ‘Auanod ABiaug  (£o1jod) Jejnonied e bupioddns uonesynsn( io bujuoseas Alewiid (s)a]euones Ad1j0d ;| A106310)

SwiI9) paydieas pue saliobajed-gng u yaq uonsanb pue K10691ed £d1]04

SISA[eUB 1USIUOD Pa1DaIP 9y} Ul PAsN SWidll Y24eas dYdads pue 'suoiuyap ‘suonsanb yoieasas buipinb ‘saiobaied pauyspald L ajgeL



Page 6 of 28

(2025) 15:41

Rotmann et al. Energy, Sustainability and Society

S2UUNWWIOD SNOUD
-Bipu| pue siapiroid Buisnoy Jyosduon

SP|OYaSNOY SUIODUI-MOT]

S3IUNWIUIOD snouabipu|

sisuon
-noesd pue ‘siasew Ad1j0d ‘1ood Abisug

dljgnd [esauab pue ‘SQON ‘siauonnoeld
‘sioewl Ad1jod ‘sanioyine [edo|/jeuoneN

syuswaroidwi buisnoy
Bulnes-ABIaUa pue 1U3PL3-ABISUS SIPIAOI]

SJUSWISA0IAWI| SWIOY UO 3BPamous JIseq
apiroid pue s|jiq ABIauUs JO SIS0 Y1 SISMOT

SJI9WO01SND snouabipu|
9AIDS 19119q 1B SAem Ul sawiwleiboid (NSQ)
JUsSWabeuURW 3PS PUBWISP SISAIRP pue subisag

SIENY]
-9bebua pjoyasnoy 12a41p ybnoiyi salunod
ueadoin3 7 ur Apanod ABiaua ssaippe 03 swily

Ausnod

ABI3UD JO SUOISUSWIP B3 BulloUOW pue
sasAjeue BUIDNPUOD AQ |ISIA J01D3S [BIUS)
a1eAld 9y Ul AljigelauinA ABIaus a3ew 01 Swiy

AJl|igepioye AB1au3

Aljigepioye Abisu3

AJ|IgIssadde ABiau]

uonebiAeu pue abpajmouy|

uonebiAeu pue abpajmouy|

%S211UNWIWIOD snouabipu| pue siapiroid
Buisnoy 1yoid-uou oy sapesbdn 334
L.weibold 1y sbuiaes Abisul
SWWeIBOoId SANUNWWOD) snouabipul

sainsealy Abiaug

(10123 |e1UaY 1eAld AY3 Ul K119
-AOd ABi1aug a1eH1|A 01 SUOIDY) HOINT

epeued

epeued

epeued

SN ‘PUB|Od ‘BILOPIDBIA ‘SPUBID
-YiaN ‘puejal] ‘euebing ‘wnibjag

YN ‘winiblag ‘spuey
-I9YIaN 2y ‘Ajey| ‘939310 ‘Auewi
-130) 'elu01s] 'eNeol) ‘eLasny

obe
$3559UISNQ 1O SPOYISNOH -101s A19118Q pUP 1e|OS YlIM ASUOW 9ABS Sd|oH Aujigissadde Abiaug «ABIau3 [ePOg eljensny
(1207 Youe Jo Se) ABIaua 3|ge
pue|SUaNY 1583-YIN0S pUe S3|BAA YINOS -M3U3J paJeys pue pajelauab-Ajjedol yonoiyy
M3N Ul P21BD0| $3559UISNQ JO SPIOYSSNOH  SIUUNUIIOD JU||IS3) pue Bululeisns-j[as sp|ing Aujigissadoe Abiaug wABiauz Alunwiwod erous e|esisny
(e1eAASNY 9PISINO AjLiewilid) Auanod ABisus swiaixe pus 01 abueyd Jo
Auanod ABI1sua awaiixa buidey ualpiiyd S1uabe 91eDNPS PUR SIDIAIP JR|OS SIPIAOI] AM|IqIssadde ABiau] Appng Jejos eljessny
S||lg ABJsus swoy 1oWayds
diyspiey jepueuy bupey spjoyssnop  Aed 01 9dup3sISse AOUsBISWS JO-aUO B SSPIAOI Aljigepioye AB1aug 2ouelsIssy Aouablawg AB1aug awoH eljessny
UaJp|Iyd JUSpUdaP OU LM
‘| 7 uey3 19buNOA ale 18y, uoisusd
poddns Aujigesig, Yim sjlenplaipul  S|Jig PlOYasn0oY 104 9DUPRISISSE [eIDUBUY SIPIAOI] Aljigepioye Abiaug $,20UBMO||Y Sa1[IIN e|jensny
90uapIsas Jo ade(d [edidpund 1oy s|jig ABIaus Jo
SP|OYISNOY SWODUI-MOT 1502 33 J2A0D 0} 3DUEISISSE [PIDURUL SSPIAOI Ayjigepioye Abiaug },uolssadu0) |1g ABJau3 e|jessny
(sues19n ‘sipuoisuad “H3) suon AKouabiawa |epueuy Asejodwal e 01 anp
-Ipuod |eads Japun Ajijenb 1eys sisumo (1918M 1O SBD 'A1ID11123|3) S3NI|IIN [PIIUSSD JO)
-9WOY pue SI21UaJ (3WODUI-MO]) 3|q1D113 ] € 9119 01 9DUPISISSE [RIDUBUL SOPIAOI] Aujigepioye Abisug 1,2Wayds 1uels) Jalay AN eljessny
A5uabIaW 10 SISO [BIDURUY WIS1-1I0YS 1 x(vdv3)
diyspiey |eidueuy budey SploYasnoH  9ej 1eyl 9501 01 9DURISISSE [eIDUBUY SOPIAOI Aujigepioye Abisug 9DURISISSY JUSWARY SIUNODDY ABiaug eljensny
san sqol pauleisns 21831 pue ‘uonnjjod +(ddTIN) weiboid A
-lUNWIWOD pUP SP|OYaSNOY SWODUI-MOT] 1D ‘yajeay anoidwi ‘A1lanod aonpal 03 swily Aljigepioge AB1sug  -A1IONPOId ABISUT SWODU|-MOT [eUOIIEN ejjelisny
diyspiey sjjig Aujin Aed o1 s|geun
|EIDUBUY Ul 218 OYM SISWOISND AN aJe 1eyl diyspiey [eIdUBUL Ul SISWOISND SISISSY Aujiqepioye Abiaug LaWayds uelo Ajjin diyspliey ejjelisny
JusPYys ABIsus siow
Ajunwiwod snouabipu) nUjoA 2W023q 0} SP|OY3aSNOY SUWODUI-MO| SISISSY Aujigissadde Abiaug  ,393(0id Aouaidyj3-Abiaug sewikuey ay e|jensny
1500 WNW
|eIURJ 21RAL Ul SPIOYISNOY SUIODUI-MOT -|UIW € 1B 1IOJUIO0D [euliay} panoidull SIPIAOI 2Woy ay1 Jo YijeaH «1B3H 941 1839 e|jessny
S9552UISNQ ABJ2US SS3| SN 0} 355U PEIETbIY
9IS WINJP3UI-0)-|[BWS PU SP|OYaSNOH -1sng pue spjoyasnoy djay sia|ie1as A1011033 Ayjigepioye Abiaug Juswanolduwi| Aduapyy3 Abisug e|jessny
(s)dnoub Aysond urepy aAn3(qo urepy eaJe sndoy uley swuweiboid A13uno>

sowwespboid diyspley ABiaus pamainal aY1 JO MIIAISAD T dlgeL



Page 7 of 28

(2025) 15:41

Rotmann et al. Energy, Sustainability and Society

sanuoyine [euolbal pue

[BD0] ‘SP|OYaSNOY SUIODUI-MOT]

sbuip|ing [enuspisas d1jgnd pue

91eAld JO S1URdNDD0 pUe SISUMO-0D pue
‘SISUMO SWIOY ‘SP|OYSSNOY SWODUI-MOT

(01 suopeuop Y3
[UUNy 0} OYM 35002 A3y MOY Je3|dun)

awoy Jisy1 buljood
/buneay Aja1enbape Jo/pue sjjig AB1sus
11343 Buiked Aynoyyip buiaey ajdoad

S3IUNOD UOIS
-S9208 puUe $31R1S JI2qUISIN N3 8T SSOId.
SI9P|OYXeIS A3 pue sanoyIne dgnd

101035 Buisnoy [epos

sbulpjing 1uswiiede
-1JNW Ul BUIAI| SISUMOSWOY SUIODUI-MOT]

S11s0UbeIp [PIDOS S1ONP

-uod pue ‘sypne Abiaus suaws|dwil ‘Auisnod
ABJsua $15319p 1ey) doys dois-suo e SapIAOid
uoibas 9dueI4-3J-1NEH 9Y1 JO

S9IUNWILIOD JO S3L0ILIRY 7 | Ul pajuswajduwl
SDUPISISSE [PIDUBUL. PUE [PDIUYDS] B SSPIAOI]

Ausnod [an) 1eqUIOD 01 suolieuop ABisus pue
uondunsuod ABJaUa UO Paseq $assaulsng Jo
SUSZI112 WOJ) SUOIIBUOP-0IDIW $129]|0D)

Auanod AB1sus buissaippe sauayds Jo
9duewopad sy a1enjeAs 01 saluedwod 9dIAISS
AB1aua ‘siapiroid ABIaus ‘sanjian 3|geud 01
paubisap 1001 1oddns UOISIDSP B SIPIAOIG
sa1jod Aduaidyya-AbIaus [euoieu JIsyl JO
uoleluswa|dwi pue ubisap ay1 usws|d

-W0> pue anoidud] ‘9SIAS1 I0JIUOW 01 MOY Ul SID
-pjoyayeis A3y pue ssnioyine dgnd suoddng

Auanod [any bulydel pue buisnoy [e120s woiy
SUOJISSIUID Seb asnoyusalb BuNd 1o SyUSW
-nusut Ao1jod [euoibal anoidull 01 swiy

o411 JO

Aujenb pue yijeay anoidwi ‘Ausnod Abisus pue
abueYD 31eWID JO S199443 Y1 3J¥2e]) 01 SWIY
spjoyasnoy

p3|qesip pue Jood-ABIaua QOE Ul SUOIIBAOUSI

uonebiAeu pue sbpajmouy|

S0y 31 JO Yi|esH

Ajigepioye Abiaug

Aljigepioye Abiaug

uonebiAeuU pue sbpajMou

Aujigepioye Abisu3

uonebiAeu pue abpajMou

«(31612U3,| 9p ASLLBN B
Jnod UORUSAIRIULP [BD07 9JIAISS) JNITS

}(Uoneaouay ssed) aduel4-ap-sineH

«(doodiau3,p siwy $3)) 241epI|oS 31bIauT

1239014 11N e1D0S

(AOWSN3) sa1d1jod Buines ABiaug Jo sadi
-Deld UO[1BDYLISA pue Bulioluoy pue
uopeluswaldw] syl bupueyul

(@doin3 Haus1u]) 109(01d USID) [BIDOS

»(HI133Y4) SPIOYssnOH awody|
-M07 10} A5Ua1oYy3 ABIaUT |elnuapisay

Juonesbaiul

aoueld

2duel

2oueld

saUIUN0D N3

SaUIUN0D N3

U9PaMS pue ufeds ‘eju
-ewoy '|eBN1I0J ‘eIU0IST 'e1IR0ID

adoin3 ulRise g [enaud)

S|enpiAlpul ABIaU? 3]eds-||ews Jo uoneuawaldwi ayi 1oy |enos yoddns pue sjdoad psjgesip yum
/SP|OYasNoY SWOdUI-MO| AISA 10 pajgesiq (S9SIPISNS) SJUBISISSE [BIDURUY SOPIAOI] W0y ay1 Jo YijeaH spjoyasnoy ul Ausaod ABisus ape| snudAD
S1obie)
seb asnoyuaalb 1o Aouadyya ABIsua 91e) abebriow
199U 10 2182y AduapLya-AbIsus ue 3|gepJoe alouwl e 1e s310yd buisnoy uogled
S/ABY 1SNW SWoy syl ‘Ajilenb o] -moj| pue 1usidyje-ABIaus 10w spiacid 01 swily uond901d JISUWNSUOD) %SN|d 023 DHD epeue)
3|ge1ojuod
2J0W S3WOY 3xewl pue s1s0d ABIaus Jamo| 0}
sen) abplqu JO SISWOoISND ale (SMOPUIM M3U ‘UOIIe|NSUl 10} “6°3) S318gR) Ul
oym s1aumo Aadold pue ‘SISUMOSWOH  (000'S+ Ny 03 dn) 9dURISISSE [eIDUBUY SSPIAOI] awoy 3y} Jo YijeaH «21BQ2Y AdUaPLY] SWOoH epeue)
sapelodn
Aouadyya-ABisus pue uoen|ea3 ABIaug sWoH
spiojpue| pue (sggniA) sbulpjing 9pINDIBUT, Ue JO (009'S+ ND 01 dn) 1503 dy)
[PIIUSPISDY HUN-IHNIA ‘SISUMO SWOH SIOA0D 1By} SDURISISSE [RIDURUL SSPIAOI aWoy 3y} Jo YijeaH LON1RIIU| SSUIOH J2US3ID) epRUR) epeue)
sa1egal ybnoiyy bunesy swoy jo
SP|OYISNOY 3|qRISUINA PUB SWODUI-MOT 150D 3U3 YHM SURJI0DS BAON SWOdUI-MO| SA[oH Aljigepioge Abiaug },Weibold 91eqgay aouerlsIssy bulesH epeue)
uopeeasul 1npoid Hulaes +x(dvD3)
Spjoyasnoy payljenb-awodu| -ABI2UD 331} YUM MSIA SWOY-UI Ue SIPIAOI] Aujigepioge AB1sug  wieibold 9DURISISSY UOIIPAIRSUOD) ABIau] epeued)
(s)dnoub Ayuond urepyy aAnRd3[qo utepy eaJe SNJoy Ule swuweiboid A13uno>

(penunuod) zajqeL



Page 8 of 28

(2025) 15:41

Rotmann et al. Energy, Sustainability and Society

sjenplAlpul/spjoyasnoy Jjood-Abisug
spioy

-9SNOY PUE S|eNPIAIPUI SUOJUI-MO| pUe
K19p|2 ‘P3| ESIp ‘UBIP|IYD PISHLIOL

Aed 03 sJlaWINSUOD JO

AJjigeul 2y 031 anp sInd Jalem pue ABiaua
ploAe 03 SWIy “Aouaidyya ABiaus saroidull pue
A1anod ABIaus s3jyDe1 pue sayiusp)

sawoy 3|qe
-JU|NA 1O} SUOIUSAIDIUI PUE SYPNEe $asiuebio

S|[19 AXD113D913 J1I9Y3 UO 9ARS ‘ABIsuD

gepioye Abiau3

}+x(3Vd) swuiod asinpy Abisug

Auuanod ABisus bupuaiiadxe
SOWOY Ul SUO[IUSAIDIU| pUB SHPNY

eale J|qe

(euoja21eg) UlRdS

(eAunjeied 1 eUODIEG) UlRAS

Auanod  3|gemaual 01 ssad0e aaey 03 Auanod Abiaus Aq -I9U|NA B U] AUNWWOD [euollesnpa pue
ABIaud Aq pa123ye Spjoyasnoy a|qesdu|np pa109ye sdnoib 9|qeIsu|NA 3|geuS 01 SWiy qIssadoe Abiaug ABISUT—VYNINNT VONYIGIUHOL ureds
SI9UWINSUOD 3|gRISUINA JO SPaau 3y}
Jood  ssaippe pue A1anod ABIaua 32e] 03 150D MO| 18 J4(e1U
ABI1aua pue ‘Aap|e ‘Pajgesip ‘Ualpjiyd  SUoNjos ABIsus Ualb pue 3|grulRISNS SOPIAOI qIssadoe Abiauz  -ewoy 4oy 1ybiT) eluewoy niuad euiwinT eluBWIOY
SUOISSIUD seb asnoyuaalb pue
puewsap ABISUS 9DNPaJ 03 JI9PIO U] UOIRIAS|[e
sIapjoyaxels [euolbal pue a1eAud 1gngd A1lanod ABIaus 01 suonn|os palojie sdojaasg  uonebineu pue abpajmouy Yamodu3 e|uewoy
SJUSpN3S pue paau Ul
S|ENPIAIPUI/SPIOY3SNOY SUIOIUI-MOT] 3|doad Joj sauwoy sa1eAcURl PUB SP|INCRY W0y ay1 Jo YijeaH OV abueyd esnr |ebnyiog
Sawayds uoddns jeidueuy Uo pue
diyspiey ABIsua Ul aq 01 sainseaw uo bujjjasunod ybnoiyy ‘diyspiey
punoy} 50yl Uo sndoy Jejndiued e yum  ABisus buidnpas pue asuewlopad Abisua sbul
‘spjoyasnoy ||e 03 usaAIb sl oddns  -jjamp Jisya buiroidull ul spjoyasnoy suoddng W0y ay1 Jo YijeaH (U104 UoNISUel] ) OBSISUBI| 3P 0IUOd |ebnyiog
s109f01d uoneaouas Abisus buip|ing buunp (nuapy
wJopie|d ssedoe uado A|n4  s1sumoauloy 1Joddns 01 UoIeULIOJUI SSPIAOI W0y ay1 Jo YijeaH U3310) 9pIS/ ORIPAOUSY 3P NUSA |ebnyiogd
SUO[IN|OS 2JN1D31YDI. DIIRWI|D0I] pue
‘Aoua1dLys Ja1em ‘uoieibalul ABIsus s|gemausi
awuwelb 910Wo0id ‘Sjelia1ew-03a Yum duge) buisnoy Jo «(Il SBuIp|Ing 3|geuleIsNS S0
-oid 2y 031 Adde ued Jsumoawioy Auy 2ouewlopad ABiaua sroidull 01 swiy awioy ay1 JO Yy3jeaH || SI9ARIUISNS Slely SOILIPT euleiboid |ebniiod
swiwelb
-0.d s1y1 woyj paiyauaq Ajsnoiaaid jou uoneibayul ABIsud 3|gemaual s1owoid pue
9/ABY PUE Jjlie) [e1D0S AJDIID3@ Yl WOty ‘SW1SAs Buljlamp Jo Aousidyje ABIaus ‘@duew
1J2USq 1Byl SISUMO dwoy ||y -lojiad ABi1aus duges buisnoy aroidwl 03 swily W0y ay1 Jo Y3jeaH +(19YDNoA Adua1dy)3) BIDURIDYT 3JeA [ebniiod
808'S3 ueyy
J3MO] SI BUWODUI [ENUUE 1134} JO 1S]|
195 & WoJj 1Joddns |ep0os Aue woly 1y spjoyasnoy 1,5eb [einleN pue
-uaq A3y 41 3|qIb1|e a1e SpjoyasnoyH 3|geIaUINA JO S|jIq ABISUS Y3 9oNpal 03 SWly uofdsloid JIaUWNsuod) A1D11323|3 Uo Yue] ABisug [e1DoS |ebnyiogd
suon (uonisuey Ab1sua Jo
-UaAI1UI AD1jod 21eNn|eAS pue eluenyy ul A1 1X91U0D 34} Ul SPJOYISNOH) 9153210
spjoyasnoy lood-Abiau3 -A0d ABJSUD SS95SB 01 WUDISAS B 918310 01 SWIY  UoeHIABU pue 9BPajmOouy  SOfiDeWIOjSUR) SON1IaBIaUD [epn hwen elueny
uonisuely Abiaus ay3 pue
spjoyasnoy  uolndaloid 1ewl|d 03 3INgIU0d 03 dlignd [esd 103D
SWODUI-MO| pue Jood ABlsus ‘AJspd  -Usb syl pue SISWNSUOD 3|gelauiNA 1sow sdisH  uonebireu pue sbpsjmouy| Buines ABIau3) DSS ¥oayD Jedswons Auewon
(s)dnoub Ayuond utepyy aAnRd3[qo utepy eaJe SNdoy Ule swuweiboid A13uno>

(penunuod) zajqeL



Page 9 of 28

(2025) 15:41

Rotmann et al. Energy, Sustainability and Society

(suoneosse Buisnoy pue

Sa11I0YINne [e20] BulpN|2UI) 101D3S PaIUI
|B120S 10 21eAld Y3 U| SpIOjpU| [eAUSP
-I1S31 1O 'SISUMO 3UIOY %Jed ‘SISUMO SUIOH

Alunwiwod 1o

‘ployasnoy ‘lenpiaipul Aue 01 usdQ
AdU315YJ BUISNOY [BWIRYI-MO| O} paleal
pasu [edipawl buissaid uspun 1o/pue ‘pjo
S1e9K GG SAOQE '9DUBMO[B [9N4 JO SIUD
-1dID31 818 OYM SP|OYSNOY JO S[ENPIAIPU|
SSWOY 41941 JO 1LIOJWIOD pUe ADUSIDYS
Buiroidwil uo ad1Ape Juem oym 3jdoad

sia11ddns y21MS 3,UOpP OYM 350y}
Buiabiey ‘Yyuey ABIsUS Nejap e Uo S0y |

APaI1D) UOISUS JO JusW
-9]9 JpaJD d31UelenD), Y} Jo siualdiday
(9duemo||y 1oddng pue Juswkojdwg
1IpaJD) UoIsUad “63) siyauaq dyidads Jo
syualdidal a1 pue sAep SAIINDASUOD / 10}
[9A3] PIOYS3IY3 8Y3 MO|S] S||e) intesad
W) 3Y3 2I9YM B34 Ul Al OYM 3504 |

Apapi3
SEEIIEN

(PUBOIS 's3ys|
UIDISOAN) SOIIUNWWIOD 310WRJ PUB [RINY

$aNSS| Y1jeay [PIUSW LM
Buijeap syuedndd0 Yum spjoyasnoH

100d ABJ2ua spjoyasnoy ajgelauinp

siauondeld pue ‘siaxew
A2110d ‘paruaiio-1apuab Jood-AbBiaus
‘A112P|d ‘P3IGESIP ‘UBIP|IYD ‘USWOAN

1uswAed ||nj Jo
[ered Jo auo e yum syuswanoidudl Aouspue
-ABI3Us SPJeMO] SDURISISSE [RIDURUY SSPIAOI]

opeibdn

Adouaya-Abisus |jesul 01 ssedoid buyew
-uolisap ayi Moddns pue Abisua BulAIasUOD Jo
SIYSUSQ 3Y3 JO SSaUBIRME 35IRJ O PaUbISSp 10]1d

suonipuod
Aloresidsal djuoiyd yum buiall ajdoad ajge
-13U|NA JO SUOIIPUOD BUIAll 9Y1 9A0IdWI O SWIY

awoy Jo Aouaidyys
AbBi1aua bunabiel pasu ul 1soul 9soy suoddng

ABJaU3 10} yanuwl 00} pabieyd
(1910) Bbulaq syilel 1nejep uo sjdoad siuanalg

11 ABI3U3 UO JUNODSIP e Se
J1a11ddns ABisus 01 (01 F) JuswiAed 3|buls e Jo
WLIOJ 91 Ul 9DUBISISSe [eIdURUL. SSPIAQL

p|02 Jo spolad pabuojoid bul
-INp 51502 Buineay Yum pjod Yyl 01 9|geIdUINA
150U 4B PUB S1Y3UQ UO 95041 d|ay 03 Swily

Syuow Jajuim bul
-INp 51502 Bupeay yum Aiaple ayi djsy 01 swily

swisiueydaw poddns pue ‘sassa0id ‘SW1SAS
ABJ2U3 U0 S336NJ21 MU 10 JUDI s1amodu]

yijeay Jo syueu
-1ULISISP [1D0S 31 pue AlaAod [any Spyoe) 0}
Bursom Aouabesaiul usyibuais 01 pawly

SSWOY Jaly3[esy pue
‘]9ULIBM ‘JU3IDLJD Ulel1e 01 ‘SI9JeD JI9Y) pue
'SaNssI yijeay [eausaw yum ojdoad suiod

-dns pue Auanod [any Jo 1oedwl ay1 sa1ebnIy

poddns pue ao1Ape pajejal
-ABI2UD 0} $S9IJB pUE JO SSIUDIPME DY} S35IRY

USWOM UO sn20J Jejnofled e yim

‘S9LIIUNOD UBSURLIDYPS|A JO SBale [e1Seod ayi Ul
Auanod ABiaua Aq paidaye ojdoad jo Yieay ayi
anoidul pue Auanod ABIsu a1e1Ad)e 01 swily

aWioy a1 Jo YijesH

uonebiAeu pue abpajmou|

3wy ay1 Jo yijeaH
aWwioy a1 Jo YieaH

Aujigepioye Abisug

Ayjiqeploye Abiau]

Aujigepioye Abisu3
Aujigepioye Abisu3

uolebiAeu pue 3bpajmouy

aWoy ay1 Jo Y3jeaH

uonebiAeu pue abpajmouy|

uonebiAeu pue abpajmouy|

awoy ay1 JO YieaH

1,3WIAYDS J2YDINOA SOWOH UID

awiweibold 10|ld 1UaATF ABIaug SWOoH
XWIYIS 10Id Butaqiom pue
Yiwepn 94 pue puejal| AyijeaH
10120 U23l0)

1,de> ao1d Abisuz

1,3UN02SIJ SSWOH WA

1, auswiAed Jayieaph pjod
1, JUdWARY [9N JRIUIM

(393) AB1au7 Aq pasomoduily

Jay1abo| bulropy

SPUIN WIBAA

SIoMIaN Bulres-Abiau] big

papJamoduwy

wopbury panun

wopbury panun

wopbury pauun
wopbury pauun

wopbury pauun

wopbury panun

wopbury pauun
wopbury pauun

wopbuly payun

wopbury pauun

wopbury pauun

wopbury panun

AUBWISD) puUe BIUIAO|S ‘Bl}
-eol) ‘elueqy ‘Ajey| ‘adueld ‘ureds

(s)dnoub Ayuond urepyy

aAnRd3[qo utepy

eale sndoj ulep

swuweiboid

A13uno>

(penunuod) zajqeL



Page 10 of 28

(2025) 15:41

Rotmann et al. Energy, Sustainability and Society

uondudsap ||ny e 1oy [LS] uuewoy 335 *(4) 1966ep e yyum payiew ale Jja1a. a)elipawiwl Buipiroid Je pawie 3Soy) pue ‘(,) %S1I91Se Ue YIM payJew a4 aJnjeu JIWoU0dd Ue Jo sawwelbold

S913UNOD
Auanod Juaisisiad Jo 906 < bulpnpul
‘9jdoad uol||iw i 9AI9S sd0-0D) "SaA1RID
-doo> A3|11N 13410 pUR SISW0ISND [eINY

SHWI| WOodUl
(34vD) Weiboid ABIau3 Joj sa1ey aAl
-BUIS)Y BIUIOI[eD), 199U 1By SISW0ISND)

SP|OYasN0OY SWOdUI-MOT
SISLID Ul SP|OYasNOY SWODUI-MOT

(s421ua1 ‘Aduspyoid ysi|bu3-mo) uodul
-MO| USJJO) SIUSPISI SUIOY PaIn1deNuUB

Sawoy asjuogledap pue Auaaod
|any Bulpyoe) Joj Bulpun 21N35 0 ADIAISS
1oddns Jo paau uj saloyINe [e207

(9 10 4 '3 sbunes) ssawoy
2duewiopad ABISUS MO| PUB SWODUI-MOT

pul
-puny ioy A|dde 01 3|qib1fa a.4e puejbug Ul
sgnH AB1au3 |eD07 4O SANLIOYINY [BDOT]

Buisnoy |e1d0os Jo siapinoid palaisibay

sjuswaiNbai

9WODUI JUBAS[DI AJSIIES IO ‘S1yauaq
U1RP1ID 9AI9DI 'DWIAYDS JUNODSIJ SWOH
wlepn Y1 Japun Jawoisnd dnolb a10o e
ale A3y J 9116119 3q Aew s1awlo1sn)

$5920NS W3-buo| J1ayy
2Insua djay 01 pue sdo-03 Jamodwa 03 SYIOM

)W SWODUL YYD 341 193W OYM SIBWNS
-U0D 01 SIDIAISS UONBSLISY1LIM 1S0D-0U SIPIAOIJ

sliedal awoy paie|ai-ABIauUs Joujw pue ‘uoll
-BS1IAY1RIM ‘951D ABIUD ‘s||Iq ABIUS Yum paje
-|D0SSE S350 9DNP3J 0} SPUNY [BISPS) SIPIAOIJ

SISl e buunp
2our3sisse Aduabiawa 1pald ABIauS sapInoig

asn ABiaua Jiayy
abeurw 01 sJoWI0ISND d|ay 015|001 aUIjUO pue
suoneddde payiidwis eiA s31eGa1 SIPIAOI]

pue|bu3 Ul yiomiau seb ayi jo saiadoud jo
AKouapyya Abiaus ayy buipelbdn Aq spjoyasnoy
3WodUI-Mmo| 1ioddns 1eyy 10afoid spun4

0 10 4 ‘3 J0 sbunel

91EDU11J9D) 9DUPWIONR ABISUT UO SN0 B Y1IM
Sawioy aduewiIopad ABIaUS MO| pue SWOodUl
-MOJ JO AouadYe ABISUS a1 35184 01 SWIY

SyURW W
-Wwod abpa|d 0SOT7 0197 19U HN Y3 1oddns pue
‘Auanod [any 9onpai ‘Ausaod [9ny JO N0

SIUIOY XE] 'S|9A3] 91DY1119D) 9DUBUIIOL
ABI1au3 ay1 Ul pueq D e 0} sawoy bulg 01 swily
(sanAuadoud J1ayy Jo aouewopad

ABJaus ay3 aroidull 01 Buisnoy [eID0S JO SISPIA
-0id pasa1sibal 01 9DURISISSE [BIDURUY SIPIAOI]

1uaWAed ||ny Jo [ered yum

awoy J1ays Jo Aouaipyja Abisus buiroidwy ul

SDUBISISSE UM pjoyasnoy ajgeiaulna 1o Jood
|9N} ‘DUIODUI-MO| B U 918 OYM 350U} SIPIAOI

AM|IgIssad2e ABiau]

Al|igepioye ABiaug

Aujiqepioye Abiaug

Aljigepioye Abiaug

W0y ay1 JO Y3jeaH

W0y ay1 JO YijesH

W0y ay1 JO YijesH

awoy ay1 Jo YieaH

S0y 31 JO YijesH

W0y a1 JO YiesH

UONRD0SSY
aA11e12d007) D11D3|T [RINy [eUOnEN

1x(dvS3)
wir1boId 30URISISSY Sbuines-Abiaul

+x(dV3IHIT) weiboid
90URISISSY ABISUT SWOdUI-MOT Y|

+x(HDOV3Y) djeH Anunwwod ybnoay:
9oueIsIssy ABiaug oy JalRy

},Weibold SOWOH painidenuepy 35d

«(ONH) uelD) apeibdn swoH

«(T 35eYd Qv A1anije@ Aloyiny [ed07

«(OMS) uonnadwod Yiuiep ajgeutesns

1,Pun4 uolesjuogledad buisnoH [e1os

1,uonebiigo Auedwo)) Abiaul

$2101S paLuUN

$91L1G paLUN

$21P15 palUN

$21P15 paluUN

S31LIS paluUN

wopbury panun

wopbury panun

wopbury pauun

wopbury panun

wopbuly payun

(s)dnoab Aysond urepy

aAn3(qo utepy

eale sndoj ulep

swuweiboid

A13uno>

(PanunUOd) Z 3jqey



Rotmann et al. Energy, Sustainability and Society (2025) 15:41

homes. Retrofitting and repairs of properties, includ-
ing greater efficiency of appliances, are important
elements to afford adequate energy services to sup-
port wellbeing.

+ Knowledge and navigation: Energy hardship pro-
grammes should support and empower households
and families with their energy decisions. Given the
growing complexities of, for example, energy retail
markets, digitalised energy bills, and innovative
energy technologies, the provision of knowledge and
guidance are central to address energy hardship.

o Energy accessibility: Energy hardship programmes
should help accessing energy regardless of income
levels and geographical location. Accessing a reliable,
secure, and low-carbon supply of energy is funda-
mental for rural communities, and low-income and
vulnerable households.

+ Energy affordability: Energy hardship programmes
should assist vulnerable and low-income house-
holds and families to afford the energy they need to
maintain or improve their wellbeing. While financial
assistance is important, the ability to afford energy
services is dependent on multiple factors that pro-
grammes need to keep in mind (e.g., energy prices,
energy needs, and energy literacy).

+ Consumer protection: Energy hardship programmes
should aim to safeguard energy users’ interactions
with suppliers. This is particularly important, as rela-
tionships between household energy consumers and
energy suppliers are unfavourable for the most vul-
nerable due to a variety of reasons (e.g., negotiation
power).

Based on the above-indicated criteria, Table 2 shows
that the majority of the reviewed programmes focus
on energy affordability (34%), followed by health of the
home (31%), knowledge and navigation (18%), energy
accessibility (13%), and consumer protection (3%). Some
programmes aim to specifically alleviate the social and
economic burdens of energy hardship—such as high
energy costs—through financial support, thereby reduc-
ing disparities in access to affordable and reliable energy
services (e.g. heating, cooling, lighting). Other pro-
grammes focus on promoting inclusive and accessible
low-carbon energy services by supporting energy effi-
ciency improvements or deploying decentralised, small-
scale renewable energy technologies. Consistent with the
energy hardship narrative, low-income and vulnerable
households and individuals, including those facing finan-
cial hardship, are the main priority groups. Low-income
and vulnerable households are broadly defined herein
as those with limited financial resources, often falling
below a country-specific threshold. These households,
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communities, or groups struggle to afford essential
energy services necessary for their wellbeing, health, and
to maintain a standard of living considered acceptable
within their society or context.

By no means do we claim that the selected case stud-
ies provide a representative sample of energy hard-
ship programmes around the world. On the contrary, as
the COVID-19 pandemic revealed, approximately 380
(emergency) programmes [53] were adopted worldwide
to provide relief measures that closely relate to energy
hardship assistance (e.g., ban on disconnections, subsi-
dies on energy bills, and tariff adjustments and freezes).®
Setting aside conceptual challenges, this number can be
taken as a proxy for the prevalence of energy hardship
assistance programmes available in existence around
the world. Furthermore, as the reader will note, our case
studies come from industrialised (wealthy) countries,
and programmes that exist in other regions of the world
are, unfortunately, not part of our study (e.g., the ‘Low-
Income Tariff” programme in Brazil).® Thus, we acknowl-
edge that our review is limited and was constrained due
to language barriers, the width of scope, and the avail-
ability of information.

Results

This section summarises the main policy findings of our
study. They are presented according to the predefined
categories shown in Table 1.

Policy rationales

When reviewed horizontally, the policy rationales for
energy hardship programmes seem to rest on two pil-
lars: (a) narratives related to the energy poverty dis-
course, and (b) market failures and barriers hindering
sustainable energy behaviours and/or the adoption of
profitable energy-efficient or small-scale, decentralised
renewable energy technologies. While not exhaustive,
below, we briefly elaborate on several elements that can
be either explicitly or implicitly identified in the reviewed
initiatives.

First pillar. We identified five narratives that shape, to a
greater or lesser extent, the challenges that energy hard-
ship programmes aim to address or overcome. Overall,
these narratives form the foundations of the ‘problemati-
sation’ that justifies the design and implementation of the
programmes. They are not mutually exclusive, and pro-
grammes address similar or interrelated issues that are

® For details see Hesselman et al. [53] and the interactive COVID-19 Energy
Map https://www.engager-energy.net/covid19/.

¢ However, several additional programme links were provided in a separate
tab in the original programme review table. For details see [51].
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and fuel poverty, notably with respect to low-income
and/or vulnerable households. In fact, it is argued
that understanding these segments of the population
in the context of energy use requires an understand-

central to energy hardship (e.g., affordability and vulner-
ability). They are briefly described below”:

o Energy poverty: At the risk of oversimplification,

energy poverty is often described as a condition in
which a household does not have access to adequate,
or essential energy services and products that allow
it to meet its social and material needs (see e.g., [15,
54] ). Energy poverty is also used as an umbrella term
that encompasses energy hardship, energy equity,
fuel poverty, energy vulnerability, energy justice, and
underserved energy customers (details below). In
turn, it is closely related to a variety of issues associ-
ated with human development, including, for exam-
ple, energy affordability, energy accessibility, energy
security, along with health, safety and environmental
aspects (see e.g., [9]). It can be driven by numerous
factors, including structural conditions such as, for
example, a lack of infrastructure, poor quality hous-
ing stock, home location, low income, and unem-
ployment [55]. Geographically, the term also carries
specific connotations. In the Global North, for exam-
ple, it is often associated with lack of affordability and
related comfort, whereas in the Global South, it typi-
cally refers to insufficient access to adequate and effi-
cient energy services and related infrastructure [56].
At the EU level, where the focus is often on afford-
ability and adequate or minimum living standards,
numerous policy documents (e.g., ‘Clean Energy for
All Europeans’) frame or shape the conceptualisation
of energy poverty policies at national or local levels
(for details see [57]).

Fuel poverty: This narrative describes a more specific
financial-energy situation of energy poverty in which
a household is incapable of obtaining basic energy
services at an affordable cost [58]. In the UK, it has
been used to specifically address households that
devote a significant part of their disposable income
(e.g. >10%) to heating their homes to an acceptable
level [59]. Even though energy poverty and fuel pov-
erty are sometimes applied or used interchangeably
in the literature [60], they are different terms. While
energy poverty can be driven by a variety of con-
text-specific factors (as listed above) and limit many
aspects of human development (e.g., health and edu-
cation) [8], fuel poverty refers specifically to issues of
affordability, and can be driven by financial factors
such as a household’s income and high fuel prices
[61].

Energy vulnerability: In the reviewed programmes,
this narrative often overlaps with those of energy

7 Note that the terms addressed in this section are also subject to academic
debate and contextualisation in the literature [see e.g., 131, 132].

ing of energy vulnerability [24]. The latter refers to a
condition in which households or communities risk
being unable to secure the energy services they need
to sustain their basic wellbeing [62]. Thus, the energy
vulnerability narrative emphasises risk management
and energy security [63], and highlights different
degrees of vulnerability (e.g., high, low) depending
on the “exposure, sensitivity and adaptive capacity” of
individuals, households or communities ([64], p.147).
This means, for example, that a household that is vul-
nerable to energy insecurity is likely to experience
energy or fuel poverty over time [64]. Risk factors
relevant to energy hardship that are associated with
high (or low) energy vulnerability include afford-
ability, access, household needs, energy prices, and
investment levels [65].

Energy justice: This narrative is broadly conceptual-
ised as the fair and equitable distribution of both the
benefits and costs associated with the production
and consumption of energy services [66]. Concep-
tual issues relate to procedural justice (i.e. equitable
procedures that aim to engage all stakeholders in a
nondiscriminatory way, thereby ensuring access to
decision-making processes), recognition justice (i.e.,
acknowledgment and respect of individuals’ identi-
ties, cultures, and contributions) and distributional
justice (i.e. the distribution of costs and benefits, the
allocation of responsibilities, and potential risks) [41].
Notions of energy justice can be identified across
energy hardship programmes, particularly those tar-
geting (vulnerable) communities in the U.S. [67] and
Europe [68].

Underserved energy customers: This narrative focuses
on individuals, households or communities that have
been “marginalised or not served equitably in our
society; who do not receive commensurate benefits
in return for their ratepayer funding of programmes
and services; or whose participation rate or participa-
tion distribution [in energy-efficiency programmes]
is below a predetermined threshold” ([69] p.4).
Attention is also paid to households or communi-
ties that have adopted energy-efficient technologies
to a lesser extent [70]. It is argued that underserved
customers are exposed to numerous risk factors (e.g.,
low-income) that can determine different degrees of
energy vulnerability and, consequently, energy hard-
ship. The narrative appears to be particularly relevant
for programmes that are led or implemented by utili-
ties and nonprofit organisations (see also "Supportive
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Fig. 1 Identified market failures and barriers framing the rationale of the reviewed policy interventions. Based on Rotmann [51]

policy instruments” section). The term is also often
used by utilities in North America to address house-
holds or groups who are not properly or effectively
served by energy-efficiency programmes and are in
need of assistance [24].

Second pillar. This relates to the market failures and
barriers that hinder the adoption of sustainable energy
behaviours and/or energy-efficient and renewable energy
technologies within priority groups. To a large extent,
the reviewed programmes offer various explanations that
relate to the so-called ‘energy-efficiency gap’ (i.e., the slow
diffusion of profitable technologies that fail to achieve
market success) [71, 72]. The identified failures and barri-
ers that energy hardship programmes aim to address are
briefly described below (see also Fig. 1):

o Lack of finance: Consistent with affordability and
financial insecurity issues raised by energy hardship,
most of the reviewed programmes (55%) aim to over-
come the lack of finance and access to capital markets
that households or communities face when attempt-
ing to secure energy services and/or implement cost-
effective energy-efficient technologies. Programmes
underline assistance with the energy costs faced by
households (e.g., LIHEAP’), and the relatively high
initial cost barrier, along with significant liquidity
and capital constraints that priority groups (e.g., low-
income households) must overcome when investing
in energy-efficient or small-scale renewable energy
technologies (e.g., ENOVA).

o Information failure: Of the reviewed programmes,
approximately 30% addressed these forms of infor-

mation failure (e.g., ‘Green Renovation Menu’). This
generic term encompasses various barriers related
to, for example, a lack of information, asymmetric
access to information, and the under-provision of
useful, nontechnical information on energy-efficient
technologies and related performance [73]. Problems
related to a lack of digital and general (energy) liter-
acy were also possible to identify as potential causes
among priority groups.

The principal—agent problem: A few interventions
(3%) addressed this specific market failure, mostly in
the context of the rental housing market (e.g., ‘PSE
Manufactured Homes Programme’). The situation
arises when property owners (i.e., principals) are
reluctant to invest in energy-efficiency improvements
because property occupiers (i.e., agents) would ben-
efit from energy savings. In other words, landlords
have an incentive to invest in inefficient technolo-
gies with low purchase costs, but the relatively high
running and maintenance costs of these are borne by
(low-income) tenants. The principal-agent problem
(also called the ‘Split Incentive’ in the literature) is
often characterised by asymmetric information and
uncertainties related to costs and risks [74], which
can become harder to manage if they are accompa-
nied by a lack of energy literacy and a fear of losing
the home among priority groups [24].

Price volatility: This is often understood as significant
or sudden day-to-day price variation for energy com-
modities, and resulting fluctuation in energy prices
(e.g., ‘Energy Price Cap’). In Europe, the Russian inva-
sion of Ukraine generated an unprecedented energy
crisis, along with volatility spikes that have caused
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sustained energy price instability and increased living
costs [75]. The reviewed programmes underline that
low-income households have been hit disproportion-
ately by higher energy prices, particularly during the
winter months (see e.g., [76, 77]).

We also identified some programmes (~10%) that focus
simultaneously on various market barriers and failures
related to sustainable energy solutions. For example, ‘Just
a Change’ (a nonprofit association that rebuilds homes
for people in need in Portugal) and ‘Light for Romania’ (a
social campaign for families who live without light/elec-
tricity) address both the lack of information and finance.
Others (e.g., ‘Indigenous Community Programme’) pay
particular attention to a lack of trust (e.g., between pro-
gramme administrators and priority groups; between
principals and agents) and missteps due to inaccurate
cultural assumptions that can hinder not only the market
uptake of low-carbon energy technologies, but ultimately
the successful implementation of programmes [24, 78,
79].

Interestingly, and consistent with research on behav-
ioural insights for the design of energy and climate pol-
icy [80], we found no explicit references to behavioural
anomalies or failures (e.g., status quo bias [i.e., preference
for the current state of affairs], loss aversion [i.e., ten-
dency to give greater value to relative losses than relative
gains]) [81-83] that may have informed the design of pro-
grammes. However, it is likely that bounded rationality
(i.e., limited ability to process all information and make
rational choices) and heuristics (i.e., intuitive or simpli-
fied decision-making rules) potentially affecting or shap-
ing energy behaviours might be implicit in the rationales
supporting not only the design of programmes but also
their implementation (e.g., the ECAP programme, which
provides in-home visit assistance with the free installa-
tion of energy-saving products).

Policy goals

We identified four main generic policy goals. Unsurpris-
ingly, they are closely correlated with the two pillars of
the policy rationales presented in the previous section.
Additionally, in line with the affordability and finan-
cial insecurity issues raised by energy hardship, some
programmes give more emphasis to specific goals (e.g.,
financial assistance). However, many of the reviewed pro-
grammes also address several goals simultaneously (e.g.,
financial, social, environmental and health aspects). In
any case, we observe that policy goals tend to be context-
specific. (The details are presented below).
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Financially-oriented goals

Many interventions set out specific financial goals or
desired economic outcomes. For example, several have
the explicit goal of providing financial assistance (e.g.,
rebates, discounts, vouchers) to reduce energy costs for
low-income or vulnerable households (e.g., ‘Social Energy
Tariff on Electricity and Natural Gas, the Warm Homes
Discount). Some deliver financial assistance (e.g., through
a one-off payment, or discounted energy bills) for heat-
ing homes, especially in winter (e.g., ‘Heating Assistance
Rebate Programme; “Warm Homes Discount’), or support
the elderly in winter (e.g., “Winter/Cold Fuel Payment’).
Some provide economic assistance to groups impacted
by a financial crisis or emergency (e.g., ‘REACH, ‘Utility
Relief Grant Scheme’), or offer a backstop pricing mecha-
nism that protects households from high default tariffs
(e.g., ‘Energy Price Cap’). By offering financial incen-
tives for energy-efficient renovations such as rebates for
thermal insulation, new windows, or a hot water boiler,
programmes not only aim to keep energy affordable for
low-income, underserved or vulnerable households, but
also reduce their energy bills due to improved building
envelopes (e.g., ‘Home Efficiency Rebate; ‘Green Homes
Voucher Scheme, ‘ESAP’). Other programmes consist of
offering rebates through simple applications and online
tools to help customers manage their energy use (e.g.,
‘Manufactured Homes Programme’). Depending on eligi-
bility criteria, some programmes (e.g., ‘ESAP’) offer par-
tial (not full) financial assistance to customers who are
slightly above the pre-established income threshold.

Knowledge-oriented goals

Along with the design and implementation of informa-
tion and capacity-building schemes, many programmes
seek to increase knowledge and energy literacy in the
priority group(s). There is an assumption that more and
better information about, for example, the costs and
benefits of energy-efficient measures will support deci-
sion-making processes in low-income households. In
particular, programmes aim to support priority groups
in improving the energy performance of their residence,
and reduce energy hardship through the provision of
specialised, free-of-charge and impartial counselling on
energy-efficient technologies, energy-saving behaviours,
calculation tools and/or available financial support (e.g.,
‘Transition Point, ‘Green Menu, ‘Green Doctors’). Oth-
ers aim to increase knowledge about (switching) energy
suppliers and tariffs/rates, to make it easier for vulner-
able households to lower their energy bills (e.g., ‘BESN;
‘Energy-Saving Check’). Capacity building, training, and
awareness-raising campaigns also seek to assist house-
holds (e.g., through housing associations) or mental
health professionals to understand energy-efficiency
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measures, the idea of healthier homes, and the right to
adequate housing (e.g., ‘Residential Energy Efficiency
for Low-Income Households, ‘Moving Together’). Pro-
grammes that target local authorities, policymakers and/
or utilities seek to provide new knowledge and capac-
ity about how to, for example, identify vulnerable or
energy-poor households (‘SLIME’), make energy vul-
nerability in the private rental sector visible (ENPOR’),
integrate sustainable development strategies into local
policy frameworks (‘EnPoweR’), detect and manage pos-
sible situations of energy poverty (Energy Advice Points),
elaborate energy poverty action plans (‘SocialWatt’),
or monitor, complement and assess implemented pro-
grammes (‘(ENSMOV’). One pattern that emerges is that
multi-stakeholder, multi-sector collaborations, and co-
design with trusted middle actors who can engage those
communities directly represent best practice. In con-
trast, top-down, one-off emergency payments, and other
financial interventions that rely on significant knowledge,
resources, time, understanding, and often raise concerns
about privacy and trust, tend to be less effective with
those priority groups—unless coupled with direct sup-
port from trusted middle actors.

Technology/infrastructure-oriented goals

Several programmes focus on the improvement of
building envelopes, renovation, and/ or the provision
of a low-carbon and renewable energy infrastructure.
For example, some aim to assist or protect energy-
poor households by increasing the comfort and effi-
ciency of homes (e.g., ‘ECAP’), improving the energy
performance of the housing fabric (e.g., ‘Efficiency
Voucher’), enhancing the banding of homes regarding
their Energy Performance Certificate (e.g., ‘Sustainable
Warmth Competition’), and promoting the integration
of renewable energy (e.g., ‘More Efficient Buildings Pro-
gramme’). Some interventions also aim to renovate the
homes of people in need (‘Just a Change’), or improve
the energy performance of the social housing stock
(‘Social Housing Decarbonisation Fund’). Some sup-
port low-income households by upgrading the energy
efficiency of properties connected to the gas network
(‘Home Upgrade Grants’). Energy co-operatives can
leverage new infrastructure funds to support under-
served/underprivileged communities (‘NRECA). In
this context, the ‘ENOVA’ program in Australia focuses
on energy access. As a social enterprise, it aims to lead
in enabling self-sustaining communities through the
implementation of solar energy technologies. This sug-
gests that the potential of renewable energy within the
reviewed programmes extends beyond environmental
benefits to encompass social dimensions, particularly
through community-based approaches. In fact, the
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rapid evolution of renewable energy technologies has
positioned them as increasingly viable, if not superior,
economic alternatives to conventional fossil fuel energy
technologies [84]. This economic shift has created pos-
sibilities to address both sustainability imperatives
and energy hardship through more affordable clean
energy technology deployment (e.g., ‘More Sustain-
able Buildings’), also supporting the low-carbon energy
transition.

Multiple-target goals

Numerous programmes aim to achieve various goals
outlined above simultaneously. First, some initiatives
aim to both lower energy costs and deliver knowledge
on home improvements (through technology upgrades
and/or energy-saving behaviours) (e.g., ‘Energy-Saving
Kit Programme;, ‘Light for Romania’). Others focus on
providing both financial assistance and knowledge to
improve the efficiency and comfort of housing units
in Indigenous communities and social housing (e.g.,
through free upgrades). Second, some programmes
explicitly emphasise social and health outcomes. For
example, some aim to alleviate energy or fuel poverty
and improve social inclusion and health conditions
(e.g., ‘Greener Homes Initiative, “Warm Minds, “Torre-
blanca Ilumina, ‘Energie Solidaire, ‘Moving Together’).
Some programmes also promote or aim to create new
(green) jobs (e.g., ‘Greener Homes Initiative, ‘Home
Upgrade Grant’), and give priority to local communities
(e.g., ' ENOVA) or people with difficulties accessing the
job market (e.g., ‘Energy Advice Points’). Third, envi-
ronmental goals can play a significant role. For example,
and as a result of improvements in building envelopes,
higher energy efficiency, and/or the adoption of energy-
saving behaviours, over half of the reviewed interven-
tions also aim to reduce emissions (GHG in particular)
and contribute to climate policy goals (e.g., ‘Energy-
Efficiency Improvement Scheme, ‘Greener Homes Ini-
tiative, ‘Home Upgrade Grants’). Finally, the review of
programmes also suggests that reducing energy ine-
quality between low- and high-income groups within
countries is an implicit policy goal. While many of the
reviewed initiatives focus on affordability, access, and
energy efficiency, one can argue that they indirectly aim
to contribute to narrowing disparities in energy con-
sumption and financial burdens. However, this high-
lights the need for more explicit policy commitments to
address structural inequities in energy access and costs.

Supportive policy instruments
Most policy instruments supporting energy hardship
programmes can be categorised as economic instruments,
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representing 49% of the 67 reviewed programmes (see
Fig. 2). Within this category, programmes provide grants
and subsidies in the form of, for example, technology
rebates and upgrades, free-of-charge energy-saving prod-
ucts, partial mortgage insurance, energy price compen-
sation, and direct financial assistance to low-income,
vulnerable, and/or eligible households. Additionally,
energy price caps (i.e. the maximum price suppliers can
charge per kWh) are also identified.

Policy instruments also encompass information and
capacity building (25%). In this category, programmes
focus on, for example, communication campaigns, con-
sumer education and empowerment, information shar-
ing, training, energy literacy, energy audits, and the
provision of expert and impartial advice.

Programmes are also supported by R&ED and infra-
structure (19%). For example, they focus on establishing
community-owned (solar) energy retailers, developing of
rural micro-grids, installing solar PV to support energy-
poor neighbourhoods/ communities, and renovating
or rebuilding houses for families in need. This category
also includes various research initiatives (e.g., funded by
the EU) and pilot studies focussing on various dimen-
sions (e.g., policies, market barriers, best practices) and
priority groups (e.g., low-income households, Indigenous
communities) associated with energy hardship, including
energy affordability, energy access, and fuel poverty.

Mixed policy instruments (5%) mostly combine the
provision of information or knowledge (e.g., energy lit-
eracy) with the installation of energy-saving products
(i.e., a form of indirect subsidy). Finally, regulatory meas-
ures (2%) address mandatory requirements for utilities or
retailers to assist priority groups.

The categorisation above aligns with a review of energy-
efficiency policy measures aimed at mitigating energy
poverty in Europe [85]. This review (p. 21) indicates that
countries tend to prioritise subsidies for improving build-
ing energy efficiency, information programmes on energy
consumption and behaviour, and support for installing
renewable energy systems. Similarly, the above categori-
sation is also consistent with meta-analyses of low-car-
bon energy technology policy portfolios at a global or
regional level [86], which indicates that economic instru-
ments dominate policy efforts (up to 70%) across regions.
These trends also reflect policy efforts undertaken to mit-
igate energy hardship during the COVID-19 pandemic,
which were also dominated by economic instruments
[53]. Overall, our observations confirm the increasing
role of economic thinking and analysis in energy policy
[71, 74] and the development of energy systems [87] in
this policy context.

Stakeholders

The design and implementation of programmes appear to
require the participation of a large and diverse number of
actors, notably national, regional or federal governments
(51%), followed by utilities (18%) (Fig. 3). The specific
stakeholders involved in programme design and delivery
are important because the purpose of the entity tasked
with developing and implementing the programmes
can impact their scope. For instance, many countries in
which federal government entities implement energy
programmes have broader societal obligations, whereas
in the U.S. it is utilities with a narrower focus and
mandate that are charged with energy-efficiency pro-
grammes. However, there is considerable geographical
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variation: while the participation of utilities in Europe
(including the UK, though to a lesser extent, e.g., ‘Energy
Company Obligation’ [88]) is relatively low (8%), the
opposite is true in North America. This can be largely
explained by the fact that utilities, particularly in the U.S.,
have increasingly been subject to legal requirements to
achieve specific energy-saving targets [89]. Nongovern-
mental organisations (NGOs) and community providers
are also key players (13%) in the implementation of pro-
grammes. Examples include charities (e.g., ‘Habitat for
Humanity’) or non-for-profit organisations that are close
to priority groups and deliver specific interventions (e.g.,
information and capacity building). Research institutions
(7%) play a leading role in programmes that relate to
R&D activities. Ultimately, diverse collaborations of mul-
tiple stakeholders from a variety of sectors who co-design
and co-fund interventions can be beneficial to address-
ing the many barriers priority groups face. Frontline and
service providers who have existing trusted relationships
with underserved and/or vulnerable audiences can be
effective in delivering successful interventions.

Turning to priority groups, there is a wide range of seg-
ments (Fig. 4). Low-income and vulnerable households
are the primary focus (48%) and, to be eligible, a num-
ber of criteria must be fulfilled (e.g., income thresholds,
receiving social benefits, living in social housing). The
second-largest group is made up of elderly and disa-
bled people (12%); this includes people living with men-
tal health issues and those with learning difficulties, for
whom (energy) literacy is likely to represent a challenge.
However, we observe some cases (e.g., ‘Torreblanca Ilu-
mina, ‘Energy-Saving Check, ‘Light for Romania’) in
which low-income and/or vulnerable households also

include elderly and disabled groups, Indigenous and
rural communities, and/or households in financial crisis.®
Thus, overlaps do occur. In any case, these two groups are
consistent with the groups identified in the energy hard-
ship literature. Utility customers (10%) are the main tar-
get group for utility-driven interventions, particularly in
North America.

We also observed that stakeholders such as local
authorities, utilities, and local energy hubs represent
about 10%. This can largely be explained by the number
of R&D initiatives (mostly in Europe) aimed, for example,
at developing policy recommendations, providing effec-
tive training, or transferring knowledge and good prac-
tices that can reach priority groups.

Indigenous and rural communities (6%) are another
priority group. Typically, this segment of the population
lives in remote areas and faces specific but significant
(and often combined) socio-economic challenges such
as unemployment, energy poverty and a lack of grid con-
nection. We also identify multiple programmes that tar-
get households that are specifically experiencing financial
difficulties (e.g., ‘EAPA, ‘REACH’) due to, for example,
unemployment and cannot pay their utility bills or are at
high risk of being disconnected.

Finally, the category labelled as ‘others’ (8%) is very
diverse and encompasses, for example, refugees, immi-
grants, cooperatives, customers with default energy tar-
iffs and who are unable to switch to a cheaper supplier,
or people living in properties with a low energy perfor-
mance rating (D or G).

8 See Rotmann et al. [24] for an extensive conceptual treatment of the terms
‘low-income households’ and ‘vulnerable households’ in the context of
‘hard-to-reach’ energy users.
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Elderly & Disabled
people
12%

Stakeholders
10%

Utility customers
10%

Indigeneous/Rural
Communities
6%

Household in
financial crisis
3%
SMEs
3%

Fig. 4 The main priority groups identified in the reviewed interventions. Based on Rotmann [51]

That said, it has to be acknowledged that some of the
reviewed policy interventions address multiple audi-
ences simultaneously (e.g., the elderly, energy-poor and
low-income households), and distinguishing between
different priority groups does not mean that interven-
tions target a single segment. Examples of interventions
focussed on multiple beneficiaries include the ‘Energy-
Saving Check’ (Germany), ‘Light for Romania’ (Romania),
and ‘EmpowerMed’ (several EU countries). This is con-
sistent with a review of local actions addressing energy
poverty (and hardship), which highlights how different
priority groups are sometimes addressed by a single pro-
gramme (see [90]).

Key performance indicators

The reviewed programmes reveal, or suggest, various
key performance indicators (KPIs) that can potentially
assist or support the monitoring and (ex-post) evalua-
tion. The following inventory lists KPIs that were identi-
fied in, or derived from the reviewed programmes. They
are grouped into four areas: (a) engagement of priority
group(s); (b) energy and environmental aspects; (c) eco-
nomics; and (d) nonenergy impacts. While this list is
by no means exhaustive, the identified KPIs should be
understood as tools that policymakers and programme
administrators currently use—or could use—to monitor
and assess the outcomes and impacts generated by pro-
grammes, which is particularly valuable for iteration of
future programme design and related improvements.

— Engagement of priority group(s): These KPIs aim to
measure the level of participation and coverage of

programmes, thereby indicating the degree to which
they reach priority groups or eligible participants.
They appear to be consistent with the literature that
assesses public participation in energy transition pol-
icy programmes (see e.g., [91, 92]).

+ Number of participants approached by the inter-
vention (e.g., number of home visits)

Number of applications submitted/received to
participate in the intervention

Number of eligible households/customers/busi-
nesses served by the intervention (e.g., though
energy advice or direct financial assistance)
Number of participants assisted by the interven-
tion who are in, or at risk of fuel poverty

Number of participants that benefited from the
intervention

Number of participants that implemented meas-
ures

Number of trained advisors/community members
Number of dedicated events (e.g., training work-
shops)

Number of participants who attended dedicated
events

Number of participants that provided feedback
(e.g., though customer satisfaction surveys)
Number of volunteers supporting the intervention
Number of meetings between partner organisa-
tions and public agencies

Number of households prevented from being
overcharged due to default energy tariffs

.

.

.

.

.

.

.

.

.

.

.

.
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+ Number of responses received during the consul-
tation process

+ Number of communication channels dedicated to
disseminating the intervention (e.g., social media,
websites, leaflets, newsletters, public events)

+ Number of webpage visits.

— Energy and environmental aspects: This set of KPIs

aims to monitor or measure impacts that can be
directly related to the implementation of measures,
particularly technologies, conservation behaviours,
and practices that the programmes promote or
encourage. Consistent with the use of KPIs to evalu-
ate energy-efficiency programmes [93, 94], particu-
lar attention is given to energy savings and emission
reductions.

+ Actual or predicted energy savings (kWh)

+ Energy expenditure as a share of total expenditure
(%)

« Ability to keep the home adequately warm

« Arrears on utility bills

« Presence of leaks, damp or rot

« Number of retrofitted/renovated properties

+ Installed energy-efficient technologies

« Number of energy assessments/audits carried out

« Number of installed solar PV panels

+ Number of properties that increased their energy-
efficiency rating post-intervention

+ Number of established/adjusted policies for
energy-efficiency and/or small-scale renewable
energy investments

 Reduced carbon emissions (e.g., CO, kg per
household)

« Increased indoor air quality

+ Reduction in noise exposure.

— Economics: These KPIs measure economic and finan-

cial aspects associated with the implementation.
Some, such as those addressing the distribution of
costs and benefits, investment in vulnerable custom-
ers or reduction of disconnections, appear consistent
with the energy equity literature [95, 96] and energy
justice [97, 98].

« Total programme costs

« Ratio of energy costs to household income over
time

« Amount invested in vulnerable households/com-
munities

+ Energy cost savings

« Number of allocated grants/subsidies

+ Energy expenses as a share of income quintile
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« Number of participants free from debt or discon-

nection

Number of vulnerable consumers protected by a

safeguard tariff cap

Number of energy suppliers that met individual

spending obligations (e.g., on energy- efficiency

measures)

Number of participating households that experi-

enced increased thermal comfort with no signifi-

cant increase in energy bills

Number of electricity and/or gas disconnections

Allocation of costs and benefits

Transaction costs borne by participants

+ Administration costs borne by public agencies or
utilities.

.

.

.

.

.

.

— Nonenergy impacts: This set of KPIs aims to meas-
ure or approximate outcomes and impacts indirectly
associated with the implementation of measures (e.g.,
technologies, behaviours, practices). They are also
termed co-benefits, multiple impacts, nonenergy
benefits or ancillary effects in the policy evaluation
literature (e.g., [99—101]). It is argued that identifying
and measuring the costs and benefits of nonenergy
impacts such as subjective wellbeing can provide a
more comprehensive understanding and assessment
of programmes and policy interventions addressing
energy efficiency [102] and energy security [103].

« Perceived/experienced thermal comfort

« Perceived/experienced customer satisfaction

« Number of people/households vulnerable to cold
or respiratory-related illnesses

« Number of hours pupils can study due to safe and
reliable lighting

+ Reduced number of lost days from work/school

« Increased customer trust

« Change in disposable income

« Improved mental health

+ Improved financial literacy

» Improved access to digital technologies

« Increased lighting quality

» Reduced incidence of domestic violence.

The above findings illustrate that KPIs are not mutu-
ally exclusive, and that they seem to be consistent with
the policy rationales described earlier. They can also sup-
port a trade-off analysis based on policy evaluation cri-
teria (e.g., distributional equity vs economic efficiency),
or provide more holistic assessments beyond cost-effec-
tiveness, which is likely to be a dominant, albeit narrow,
evaluation criterion. They also emphasise that energy
hardship programmes can be measured in quantitative
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and qualitative terms [6]. Additionally, it must be noted
that some KPIs are qualitative or subjective, and rely on
participants’ perceptions of processes and benefits, which
may be more significant for priority groups than facts or
energy data (cf. [104, 105]). These KPIs also underline
methodological challenges regarding measurement (e.g.,
the quantification of the costs and benefits of nonenergy
impacts), particularly if used in a cost—benefit analysis
(e.g., [106, 107]).

Overall, and despite the abundance of KPIs, we also
observe a lack of standard KPIs and energy hardship
metrics. One can also note that these KPIs highlight the
need for collaboration and prioritisation among stake-
holders. In the context of energy-efficiency programmes
that target low-income and vulnerable energy users, KPIs
can support a better understanding of the programme’s
impacts and the prioritisation of resource allocation
[108]. The findings also underline the importance of
data management; including legal, ethical and storage
requirements.

Discussion

This section summarises the main reflections of this
policy review. Based on the examined programmes, it
highlights and discusses the conditions that may affect
their (intended) outcomes and impacts. The conditions
discussed below are not based on any specific evaluation.
In fact, as will be indicated, some programmes have not
been evaluated, and no explicit policy assessment has
been conducted. We divide conditions affecting the per-
formance of programmes into six areas; however, we note
that many elements are interrelated.

First, from a policy perspective, key dimensions that
energy hardship programmes seek to address include
poor housing quality, which hinders efficient energy
use and impacts health; high energy costs, which con-
strain household budgets for other essential needs; and
the inability to afford sufficient energy for basic necessi-
ties such as heating [109]. Nevertheless, various factors
seem to affect the implementation and performance
of the reviewed programmes. On the one hand, some
programmes are confined to providing one-off finan-
cial support to combat high, short-term energy costs,
while others need adjustments due to design issues
(e.g., ‘Energy Price Cap’ in the UK). Within this con-
text, financial aspects (e.g., affordability, employment,
energy pricing) are important conditions that shape or
frame the effectiveness of energy hardship programmes.
At the same time, many programmes seem volatile,
short-term, and/or are subject to market fluctuations
or political changes. They risk overlooking significant
long-term, structural socio-economic and demographic
issues that characterise or generate energy hardship (e.g.
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systemic structural inequity). If the underlying struc-
tural and systemic causes for energy injustice do not get
addressed, programmes run the risk of being criticised as
e.g., band-aid solutions, or causing unintended, negative
consequences.

On the other hand, some programmes aim to overcome
energy hardship in the long term, rather than address the
short-term problems of low-income or vulnerable energy
users. This is because it is also unclear whether some
interventions effectively target low-income and vulner-
able households.” For example, low-income households
are still required to cover upfront costs to be eligible,
before they can receive any benefits, causing another
major barrier to uptake [110]. In fact, up-front imple-
mentation costs for eligible households are still con-
sidered high in general (e.g., ‘Home Energy Event Pilot
Programme’), and even higher for solar PV (e.g., ‘Enova
Community Energy programme’). Moreover, the dis-
tribution of programme benefits across priority groups
(e.g., disabled, low-income, or elderly populations)
remains unclear, and there is a degree of uncertainty
regarding whether funding is reaching those who need
it the most, including those hardest-to-reach or living
in hidden energy poverty. In certain cases, the financial
sustainability of the programmes is also unclear, and gen-
erates uncertainties in the long term. In some cases, the
amount of support that can be provided is dictated by the
number of micro-donors (e.g., ‘Energie Solidaire’), while
in others (e.g., ‘Pass Renovation’) service costs are linked
to other policy instruments such as the market value of
energy-saving certificates (so-called ‘tradeable white
certificates’).

Secondly, from an economic perspective, the review of
programmes reveals a significant gap in robust estimates
of cost-effectiveness or economic efficiency. While our
findings highlight the prevalence of economic arguments
(e.g., economic instruments, financial assistance, and
economic-oriented KPIs), explicit ex-post cost-effective-
ness estimates or cost—benefit ratios with clear numeri-
cal and comparable outputs are mostly absent, with the
exemption of a handful of programmes where such eco-
nomic estimates are available.'” In addition, it is argued
that some programmes (e.g., ‘Energy Company Obli-
gation’) have been funded regressively through energy
bills [111]. At the same time, literature on policy meas-
ures addressing energy poverty and energy efficiency in

® See Morales and Nadel [108] for a review of energy efficiency programmes
in the U.S.

10 For example, it is estimated that the ‘Audits and Interventions in Home
Experiencing Energy Poverty’ saves €225/year per home on electricity bills
[90 p.7]. Likewise, it is reported that the ‘Big Energy Saving Network” has
generated an average saving of £123 on energy bills [133 p.22]. Similarly, the
‘Energy Efficiency Improvement Scheme’ achieved average weekly savings
of AUS$4.80 per household between 2013 and 2017 [134 p.11].
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low-income households offers insights into the potential
economic performance of energy hardship programmes.
For example, estimates indicate that cost—benefit ratios
exceed 1 for low-income participants in the ‘Eco-sociales’
programme in Switzerland [112]. Reducing energy pov-
erty through building retrofits in social housing across
71 households in Seville (Spain) is estimated to gener-
ate approximately €600,000 in savings for the national
health system by reducing health issues (e.g., respiratory
illness) [113]. Tailored energy-efficiency packages for
single-family households earning less than 200% of the
federal poverty level in the U.S. could generate an esti-
mated $13 billion in annual energy cost savings, equat-
ing to about $670 per year per household [114]. These
examples highlight the potential progressivity of energy
hardship programmes but also underscore the need for
dedicated cost-effectiveness or cost—benefit analyses to
better inform policy design and implementation.

That said, and considering the specific features of the
reviewed programmes, the literature suggests numerous
factors that can influence the economic performance of
energy hardship programmes. For instance, income lev-
els and the distribution of income among households
have a significant impact on energy hardship (cf. [115]).
Households with very low incomes often live in ineffi-
cient homes with high energy burdens, meaning retrofits
and efficiency measures can yield higher cost-effective-
ness [116]. These factors can influence targeting and eli-
gibility strategies, as well as the effectiveness of energy
hardship programmes in alleviating financial pressure
and generating economic benefits. Likewise, household
characteristics (e.g., presence of dependent children,
employment status, dwelling type) can significantly shape
energy needs and cost saving potentials [117]. Household
characteristics can determine who benefits most, how
much cost savings can be achieved, and whether struc-
tural barriers (e.g., rental housing limitations) affect pro-
gramme success. High energy prices are also a significant
driver of energy hardship [cf. 118]. While rising energy
prices can amplify the financial benefits of measures and
incentivise behaviour change, they can also significantly
increase programme costs (e.g., subsidies become more
expensive) and the number of households experiencing
energy hardship—not to mention causing further stress
and anxiety by increasing cost-of-living. Thus, policies
that stabilise or reduce energy prices can improve afford-
ability and reduce energy hardship (cf. [115, 118]). These
factors can collectively influence the economic perfor-
mance of energy hardship programmes, highlighting the
need for well-designed, targeted, and efficiently imple-
mented interventions. In any case, and given the mul-
tiple challenges that programmes aim to address, it is
argued that programmes targeting energy affordability
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for low-income households are often not subject to the
same economic standards as other residential efficiency
initiatives [116].

Thirdly, from an infrastructure perspective, numerous
elements also seem to affect the implementation and
performance of the reviewed programmes—as found in
Aotearoa New Zealand [20]. For example, a very poor
quality of the building stock can limit the potential for
energy-efficiency upgrades, especially for renters. Like-
wise, some short-term programmes (e.g., ‘Social Energy
Tariff on Electricity and Natural Gas’) run the risk of
being ineffective, because vulnerable households often
live in energy-inefficient buildings, and energy bills will
remain high in the long term if these buildings are not
upgraded. Some interventions (e.g., ‘SLIME’) also rely on
locally-certified actors (e.g., to conduct energy audits or
social diagnostics) for their implementation, while those
that rely on digital technology (e.g., for dissemination)
seem to have faced significant challenges in cases where
the priority group(s) have limited or unequal access to
those technologies (e.g., ‘ENPOR; ‘EmpowerMed, ‘Green
Menu’). Digitalisation also encounters legal and ethical
challenges arising from the need to disclose income or
health information to be eligible for programme benefits.
This is particularly problematic when dealing with Indig-
enous communities or ‘hidden’ energy users who suffer
from justified distrust in authorities due to negative past
interactions and (mis)use of their data [110]. Caution also
needs to be exercised when using engineering (ex-ante)
approaches to estimate energy (cost) savings, as there is
a risk of generating faulty or biased figures due to, for
example, overly optimistic technology and/or energy user
behaviour assumptions. This can potentially create sig-
nificant inconsistencies between the estimated and actual
implementation costs of energy-efficient measures imple-
mented or promoted by the programmes.

Programmes that focus on providing energy informa-
tion do not give conclusive evidence that priority groups
do follow the advice given or whether they choose inef-
ficient measures instead. An example are home energy
assessment toolkits (‘(HEAT Kits’), which are loaned out
via libraries in many English-speaking countries [119]. In
contrast, a recent pilot in Aotearoa New Zealand (ibid.),
which instead created an intervention package (“Whanau
HEAT Kit’) based on behavioural science and education,
provided evidence of increased literacy, actual behav-
iour changes, and reductions in energy bills. Within this
behavioural context, the psychographics of the priority
group(s) also appear to be unknown in the majority of
interventions (see also the gap analysis in Rotmann et al.
[24]), although it is essential to identify the motivational
and cognitive factors that drive relevant energy behav-
iours among intended audiences. Attention also needs to
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be paid to the risk of free-riding when priority groups or
stakeholders (e.g., social housing associations) implement
energy-efficient technologies or measures that could have
taken place even in the absence of the programme. Legal
measures are needed to ensure that funds are not used
inappropriately or outside the scope of the programmes.

Geographical location also matters. Several aspects
(e.g., remote location of many Indigenous communities)
suggest that programmes that address low-income and
vulnerable energy users in need of energy hardship assis-
tance also need to account for the different needs and
realities of people living in urban versus rural areas. Con-
ditions that can affect the performance of programmes
include, for example, differences in energy service access,
energy prices, employment opportunities, lifestyles and
cultural factors, population density, building types, and
infrastructure. All these factors can influence the tech-
nical aspects of energy hardship across rural and urban
areas. We argue that programmes integrating energy
service delivery, clean technologies, financial assistance,
and initiatives promoting health and wellbeing are bet-
ter equipped to address the diverse patterns and sustain-
ability challenges associated with energy hardship in both
urban and rural areas.

Fourthly, from a logistical perspective, numerous fac-
tors seem to affect the implementation and performance
of the reviewed programmes. For example, some pro-
grammes seem to lack the staff, resources, and capacity
that are needed to implement measurement, verification,
and evaluation activities (e.g. process or outcome evalu-
ations). Our review identified 23 interventions (34%)
that have not been assessed, or where ex-post outcomes
and impacts are unknown or not publicly available.
This situation seems to be consistent with knowledge
on energy-efficiency policy evaluation (e.g., [120, 121]).
Other potential causes may include, for example, meth-
odological challenges, particularly for information pro-
vision interventions, no legal obligation to carry out an
evaluation, and a low priority given to gaining knowledge
or learning lessons from evaluation studies. Evaluations
can be hindered by the lack of a clear definition of, for
example, energy hardship and vulnerable customers. The
absence of official definitions may lead public agencies,
utilities or stakeholders to prioritise different groups, or
focus efforts on initiatives that may deviate from national
interests. This is consistent with Pearson [16], who argues
that the concept of hardship must be defined in regula-
tory frameworks to guide and support policy efforts. A
lack of conceptual guidance may also degrade coordina-
tion between public agencies and partner organisations,
potentially decreasing its cost-effectiveness. In certain
cases (e.g., ‘Local Authority Delivery, ‘Home Upgrade
Grant’), the bidding process and the interests of the
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winning region or district may not necessarily be aligned
with the location of low-income and vulnerable energy
users that are most at risk. Experience in Aotearoa New
Zealand shows that the definition of energy hardship is
also critical for developing indicators that guide the iden-
tification and measurement of the causes and impacts of
energy hardship [10, 20].

Various sources of transaction costs can also affect the
economiic efficiency or cost-effectiveness of the reviewed
programmes. For example, priority groups (or their com-
munity representatives) may face significant transaction
costs associated with due diligence requirements. They
may also need to search for additional information to
understand eligibility criteria, and the subsequent trans-
action costs may prevent or significantly reduce partici-
pation levels. Transaction costs can also be incurred due
to a need to find and choose service or technology pro-
viders. The time spent waiting to hear the outcome of an
application while still suffering from, for example, fuel
poverty or disconnection, can prove to be a significant
source of transaction costs, with negative impacts on
wellbeing. All these aspects are in line with Simes et al.
[35] who found that priority participants can face impor-
tant burdens related to e.g., requesting assistance and
handling the cumbersome procedures of formal support.

Fifthly, from a social perspective, the reviewed pro-
grammes provide further food for thought. For exam-
ple, (a lack of) trust seems to play a very significant role.
Trust is a critical condition for building stable and solid
relationships between agencies, utilities, and priority
groups and ensuring effective delivery (e.g., ‘Indigenous
Community Programme, ‘Transition Point, “Torreblanca
Iluming’). Trust is important for target participants and
their community supporters, who are often used to iden-
tify and recruit hard-to-reach priority audiences [110]. A
lack of trust in decision-makers or other outside ‘experts’
(like programme managers or researchers) can severely
undermine engagement strategies, co-creation processes,
and hinder recruitment and participation (cf. [122, 123]).
On the contrary, multi-stakeholder co-design has the
potential to increase trust between priority groups and
programme developers [124]. Trusted middle actors
also seem to be critical in certain programmes (e.g. ‘Big
Energy-Saving Network, ‘Residential Energy Efficiency
for Low-Income Households’) because they can better-
engage priority groups and bring together stakeholders
in design (e.g., through co-creation) and/or implementa-
tion phases (cf. [125]). Trusted middle actors also play a
crucial role when priority groups feel uncomfortable or
ashamed if they are required to disclose low or nonexist-
ent income, employment status, and other sensitive infor-
mation (e.g., poor housing conditions, medical records)
to public authorities or utilities in order to qualify for
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programme benefits. This is particularly relevant due to
the potential social stigma attached to energy poverty
[3]. As indicated in the introduction, energy poverty
can carry a degree of social stigma, as it often implies
personal failure or socioeconomic disadvantage, poten-
tially discouraging individuals from seeking support
[126]. This stigma can undermine policy effectiveness by
reducing public engagement and the uptake of assistance
programmes. Reframing energy poverty as energy hard-
ship using neutral or empowering language (e.g., energy
access challenges), may help mitigate these negative per-
ceptions and enhance trust in such programmes.

Language barriers also pose a potential hurdle in pro-
grammes that address non-native speakers (e.g., ‘PSE
Manufactured Homes Programme’). The language barrier
can naturally hinder dissemination efforts, engagement
levels, and policy outcomes if not taken into account at
the design and implementation stage. In their review of
the literature on hard-to-reach energy users, Rotmann
et al. [24] also identified language (and, to a lesser extent,
jargon) as a significant barrier. The authors conclude that
this barrier can exclude or further disadvantage low-
income and vulnerable households in energy-efficiency
programmes, although cultural competency is admittedly
at least as crucial as linguistic fluency. Cultural compe-
tency entails understanding the norms and culture of
the intended audience sufficiently to be able to interact
with them in a relevant, empathetic, and meaningful way.
For instance, in one Indigenous programme in Canada,
implementers realised through early failure that postal
mail cannot be effectively used to reach potential pro-
gramme participants living on a reservation, given that
postal mail will be received at a central location and typi-
cally is not distributed to individual households.

Finally, from a utility perspective, several elements
merit attention. This perspective is particularly relevant
in the context of programmes that are designed and/
or implemented by utilities, which is the common pro-
gramme model in the U.S. and Canada. For example,
allowing utilities free rein to design and implement their
own evaluations (either ex-ante or ex-post) runs the risk
that multiple assessment frameworks with diverse scopes
(e.g., conceptualisation, objectives, and KPIs) and non-
publicly available data will be developed. While valu-
able, this can make comparative or national assessments
unattainable. Additionally, it is reasonable to expect that
utilities approach customers who are relatively straight-
forward and easy to reach, possibly giving relatively lower
priority to those who are most in need and may be hard
to reach. In some interventions, utilities also appear to be
beholden to their own (or external) eligibility criteria for
programme participation (e.g., ‘Energy Company Obliga-
tion’). This power could be perceived as problematic or
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arbitrary, as some utilities may set priorities that are not
necessarily aligned with national policy interests—par-
ticularly in the absence of official terminology or guide-
lines about energy hardship (cf. [16]). The U.S. experience
suggests that various mechanisms should be put in place
to counteract or reduce these implementation risks. For
example, most utilities in the U.S. and Canada already
have spending minimums for low-income individuals.
The challenge, however, is that other priority groups are
not typically mandated for outreach or improved engage-
ment. As a result, prioritising low-income groups above
others have the potential to exclude many key groups.

There also seems to be a lack of specific equity metrics
that utilities can use to effectively measure the perfor-
mance of energy hardship programmes targeting priority
groups (cf. [108]). Equity metrics can serve two distinct
purposes: first, they assist in assessing baseline inequities
to identify which customer segments are not receiving
benefits from energy-efficiency programmes, and sec-
ondly, they can be used to measure ongoing progress in
addressing the identified inequities in programme access
and benefits. Equity metrics may differ from traditional
metrics (e.g., energy savings), and they will differ between
priority groups. In a survey among programme admin-
istrators in the U.S. and Canada, all respondents (N=38)
reported using programme participation rates and energy
savings to measure engagement of underserved audiences
[127]. Both participation parity and energy-savings parity
serve as metrics to assess whether underserved audiences
are equitably participating in and benefiting from energy-
efficiency programmes. Participation parity measures
the extent to which a given audience’s representation in
programmes is illustrative of that audience’s prevalence
across a customer base more broadly. Analyses of par-
ticipation parity include comparisons of participation
rates of certain customer segments relative to the general
population (e.g., only 20% of programme participants are
renters, yet renters make up around 40% of the general
population). These analyses can serve as a starting point
for programme administrators to understand which cus-
tomer segments are being reached proportionally, or not
(Northwest Power and Conservation Council [2018], as
cited in [127]). Similarly, energy-savings parity measures
the proportion of programme benefit (savings or incen-
tives) going to a specific underserved segment compared
to the proportion of the customer base in that segment.
Audience-specific energy-savings data can demonstrate
who is benefiting from energy-efficiency programmes
and measures, so that efforts can be directed towards
customers that are not [127].

In sum, energy hardship—resulting from regres-
sive energy pricing models, inadequate housing quality
standards, and lack of affordability—represents both a
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symptom of systemic inadequacies and a challenge that
sustainable energy transitions must explicitly address to
ensure equitable outcomes. The discussion from multi-
ple perspectives suggests that effectively tackling these
interconnected challenges, which also appear to define
the conceptual boundaries of the reviewed programmes,
requires energy hardship programmes that integrate
multiple strategies. These include policy reform aligned
with sustainability goals [9], access to technological inno-
vation [128] (e.g., provision of cost-competitive energy-
efficient and renewable energy technologies), economic
restructuring [129] (e.g., balancing upfront costs with
long-term benefits), and social inclusion measures [130]
(e.g., community energy cooperatives). These multifac-
eted strategies must be tailored to the specific geographic
and temporal contexts in which energy hardship pro-
grammes take place, acknowledging the diverse needs of
vulnerable urban and rural communities, while balancing
short-term implementation costs against long-term soci-
etal and environmental benefits.

Conclusions

The aim of this paper was to provide a systematic, cross-
country policy analysis of energy hardship programmes
in more than 20 countries. Despite conceptual variations
and different contexts, the analysis of more than 60 pro-
grammes reveals that energy hardship is highly prevalent
and increasing. Given that our study focussed mainly on
OECD countries, the implementation of energy hardship
programmes also emphasises that growing energy ine-
quality exists not only between countries, but also within
them.

At the same time, and although one can observe an
important degree of heterogeneity among the reviewed
programmes, our findings revealed commonalities across
significant design and implementation areas, namely
policy rationales, supportive policy instruments, prior-
ity groups, and key performance indicators (KPIs). The
analysis of policy rationales underscores two significant
pillars: narratives associated with energy poverty, and
market barriers and failures related to sustainable energy
systems. These rationales underpin policy goals that span
three critical areas: finance, knowledge, and infrastruc-
ture. Our study also finds that policy instruments sup-
porting energy hardship programmes are predominantly
economic in nature, suggesting a shift towards using eco-
nomic tools to better address (and not create) inequity.
The abundance of KPIs available to programme managers
or policy makers also suggests that programmes can or
should be evaluated from a holistic perspective, beyond
traditional energy and economic metrics. The measure-
ment and monitoring of energy hardship through KPIs
not only represent an important challenge, but also an
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essential step towards recognising energy hardship as a
distinct policy domain.

However, findings also indicate tensions between
short-term financial assistance and long-term struc-
tural solutions. Many programmes focus on immediate
financial relief (e.g., rebates, discounts, and emergency
aid), which helps vulnerable households manage rising
energy costs in the short-term, but does not necessarily
address underlying structural issues such as poor housing
quality, inefficient energy use, or systemic inequities in
energy access. In contrast, other programmes emphasise
technological and infrastructural upgrades, which can
offer more sustainable benefits but may create a signifi-
cant administrative burden and often require substantial
upfront investment and long-term engagement, poten-
tially limiting accessibility to sustainable energy solutions
for the most disadvantaged or vulnerable households. A
lack of evaluation, standard KPIs, and energy hardship
metrics may exacerbate these tensions by creating a cas-
cade of challenges for both managers and policymakers
(e.g., uncertainty about effectiveness, inefficient resource
allocation, difficulty in identifying best practices, lack of
accountability). Considering that the design and imple-
mentation of these programmes frequently involve a
diverse array of stakeholders, co-creation/design emerges
as an important collaborative approach to overcome
these risks and ensure that interventions are comprehen-
sive, sustainable, and responsive to the nuanced needs of
priority groups. While it is encouraging that an increas-
ing number of programmes are engaging with commu-
nity middle actors, further efforts are likely needed to
establish trusted, long-term relationships and achieve
genuine co-designed interventions that reduce or elimi-
nate the identified tensions.

Although not the main focus of our study, the con-
ceptual landscape of energy hardship and related
challenges also revealed important distinctions and
interconnections across the reviewed programmes. The
findings indicate that energy hardship and energy pov-
erty both address household-level constraints but dif-
fer in emphasis—poverty focuses primarily on access
to essential energy services, while hardship explicitly
highlights regressive energy pricing models, inadequate
housing quality standards, decreased wellbeing, and
lack of affordability. Programmes that apply the energy
vulnerability rationale emphasise low-income and
vulnerable groups and shift attention to system-level
resilience and infrastructure weaknesses that can exac-
erbate the challenges for households. Energy justice
appears to provide the broadest framework among the
reviewed programmes, encompassing concerns about
equity, participation, and remediation of (historical)
injustices in the development and expansion of energy
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systems. These conceptual elements strongly suggest
that energy hardship, at least from a policy perspec-
tive, operates across multiple scales and sustainability
dimensions, from immediate household needs to sys-
temic resilience, and societal equity.

Overall, our study reveals important policy lessons
regarding the links, dynamics, and complexities asso-
ciated with energy hardship programmes and sustain-
able energy solutions. While the transition to net-zero
carbon energy systems can create new forms of energy
burden if poorly managed (e.g., via increased energy
prices), it also provides numerous opportunities to
redress long-standing inequalities in energy access,
health, and affordability. To realise this potential, coun-
tries and jurisdictions worldwide will need to place
greater emphasis on serving and assisting vulnerable
customers, while also striving for clearer and more con-
sistent definitions, measurable objectives, and metrics.
Greater programme and outcome evaluation efforts
will be needed to facilitate evidence-based decision-
making, strengthen accountability, and enhance the
ability of policymakers and managers to effectively
alleviate the suffering of those facing energy hardship.
Addressing energy hardship is crucial for advancing
energy for sustainable development, as it highlights
systemic inadequacies that must be resolved to achieve
just and inclusive clean energy transitions.
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