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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].1 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 

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 

1  See Sect. "Results" for specific conceptualisations of these terms.
2  See [3] for a review of the concepts related to energy hardship in the con-
text of energy justice.
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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, 

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.3 
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.4

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).

Specifically, and guided by Elo and Kyngäs [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]:

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

4  For details visit https://​www.​mbie.​govt.​nz/​build​ing-​and-​energy/​energy-​
and-​natur​al-​resou​rces/​energy-​hards​hip/

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/
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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.

•	 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, 

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).5 
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).6 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 

5  For details see Hesselman et al. [53] and the interactive COVID-19 Energy 
Map https://​www.​engag​er-​energy.​net/​covid​19/.
6  However, several additional programme links were provided in a separate 
tab in the original programme review table. For details see [51].

https://www.engager-energy.net/covid19/
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central to energy hardship (e.g., affordability and vulner-
ability). They are briefly described below7:

•	 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 

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-
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 

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].
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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):

•	 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’).

•	 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 

Fig. 1  Identified market failures and barriers framing the rationale of the reviewed policy interventions. Based on Rotmann [51]



Page 14 of 28Rotmann et al. Energy, Sustainability and Society           (2025) 15:41 

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).

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 

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’, ‘Énergie 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&D 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 

Fig. 2  Categorisation of policy interventions addressing energy hardship in the reviewed programmes. Based on Rotmann [51]
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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.8 
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).

Fig. 3  The main actors involved in the design and implementation of policy interventions. Based on Rotmann [51]

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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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

Fig. 4  The main priority groups identified in the reviewed interventions. Based on Rotmann [51]
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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., CO2 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

•	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. 

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.9 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.10 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 

9  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 

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 (‘Whānau 
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 

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 
economic 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 
Ilumina’). 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 

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 = 8) 
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 

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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