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Summary
Cities are rapidly decarbonising in the face of climate change, necessitating a heating transition of
the residential built environment. As of 2019, about three-quarters of natural gas in the residential
sector is used for heating the home, with 92% of the dwellings being connected to the gas network.
Simultaneously, cities face increasing socio-spatial inequalities, among which concerns around energy
poverty. Given that access to clean, reliable and affordable energy touches many basic needs, it needs
to be ensured that nobody is left behind in the decarbonisation process.

This research seeks to uncover socio-spatial inequality in access to opportunities in the heating
transition. By shifting the focus from spatial goods to access to opportunities, we address the roots
of why people are vulnerable to being left behind in the decarbonisation process. We employ energy
justice, enriched with spatial and capability thinking, as conceptual framework. We use computational
modelling to uncover spatial disparities in access for The Hague. In a nutshell, this research uncovers
patterns of local vulnerability in access to opportunities in the heating transition (recognition justice),
evaluates how spatial patterns of vulnerability relate to the spatial distribution of well-being, adaptation
of clean energy technologies and future opportunities (distributive justice), and evaluates policies and
resources on effectiveness to alleviate spatial inequalities while decarbonising (procedural justice).
In the following sections, the conceptualisation, implementation and results of each energy justice
dimension are presented, followed by a concluding section.

Recognition justice
Recognition justice concerns whose needs should be recognised and prioritised, and where. We con-
ceptualise this as the recognition of local vulnerabilities in terms of personal and built environment
characteristics, that influence people’s freedom to participate in the heating transition. We implement
this by identifying socio-spatial vulnerability indicators, uncovering and understanding localised chal-
lenges, and developing an index of socio-spatial vulnerability.

Socio-spatial vulnerability indicators. The vulnerabilities of interest were determined by reasoning
for all data available on a small spatial scale, whether it could result in increased vulnerability or not.
Literature on vulnerability to energy poverty served as a basis for identifying vulnerability indicators,
adapted to the Dutch heating transition context. This resulted in the following subset of vulnerability
indicators: age groups (0 to 15 year-olds, 15-25 year-olds, 65 years and older), migration background
(EU and non-EU), household structure (single person and single parent), income (state benefit re-
cipients and low property valuation), home ownership structure (private renting, different owners and
function mix), energy (energy-inefficient properties and high gas usage), and dwelling type (monuments
and multiple units per building)

Localised challenges. The collected data on street-level, containing extensive information on so-
ciodemographics and the built environment, was aggregated into 426 localities using the max-p re-
gionalisation algorithm. Each locality is spatially coherent, contains 500-1277 dwellings, and has a
coherent data profile that is distinct from neighbouring localities. Multiple localities exist in administra-
tive boundaries, reflecting the diversity within administrative zones. For each locality, scorecards were
created that describe the socio-demographic and built environment characteristics, while highlighting
local vulnerabilities. This provides a single overview of what characteristics need to be recognised in
policy-making, to ensure inclusion in the decarbonisation process.

Level of socio-spatial vulnerability. Aggregating vulnerability indicators into a single index enables
an evaluation of the emerging pattern of socio-spatial vulnerability in access to opportunities in the
heating transition for the whole of The Hague. The spatial pattern largely overlaps with known socially
vulnerable areas, while bringing forward areas that receive less attention in relation to inequality in
opportunities. The pattern of access inequality is used to evaluate distributive and procedural justice.
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Distributive justice
Distributive justice is concerned with the fair allocation of well-being, spatial energy goods and future
opportunities through society and space. The distributive nature behind these factors is conceptualised
through societal factors, regarding public policies, social norms and power dynamics. For each factor,
the distribution through society is evaluated across the four quartiles of socio-spatial vulnerability, and
the distribution through space by comparing spatial patterns.

Distribution of well-being. The spatial patterns of lower well-being outcomes regarding energy
poverty, livability, socio-economic status and health, follow similar spatial patterns, overlapping with
The Hague Zuidwest, Schilderswijk and surroundings, and Laakkwartier. In our interpretation, these
distributive patterns of well-being are caused by structural dynamics that (re)produce patterns of in-
equality. We recognise that these places might be systematically disadvantaged, assuming that the
causes lie in the lack of local agency in power dynamics and the misrepresentation of local needs in
public policies. The pattern in lower well-being outcomes largely overlaps with higher vulnerability in
accessing opportunities in the heating transition. Therefore, we argue for creating policies that address
the structural drivers behind patterns of inequality, rather than distributing spatial energy goods.

Distribution of spatial energy goods. To evaluate who and where already has access to clean energy
technologies, we consider the distribution of district heating, heat pumps, gas-free solutions, and solar
PV. Due to the nature of the technologies and policies that incentivised adaptation of technologies,
different spatial patterns emerge per technology, intersecting with vulnerability in access. There is a
clear distinction between individual solutions (e.g., heat pumps and solar PV), with higher adaptation
among the less vulnerable population. District heating is more fairly distributed across society and
space, although vulnerable private renters and homeowners are prone to be excluded, as transition
efforts are primarily made by housing corporations.

Distribution of future opportunities. People experience higher freedom in access to the heating
transition when societal factors align with the issue at stake. We evaluate these factors along the lines
of public policies (heating transition vision, sustainability targets housing corporations) and social norms
(willingness to take energy transition measures, presence of local energy cooperatives). Public policies
reach the more vulnerable localities, while the patterns of social norms largely follow a contrasting
pattern.

Procedural justice
Procedural justice is concerned with fairness in the opportunity to participate in the decision-making
process, no matter where you live or who you are. This expands the societal factors, as recognition
in public policies and agency in power dynamics is enhanced. To achieve procedural justice, we first
design policy rationales, then evaluate them on effectiveness, and what is needed to foster collective
citizen engagement.

Policy rationales and policy catchment areas. Based on used indicators for distributive justice, six
policy rationales are defined. The first three policy rationales are considered business-as-usual: im-
plement The Hague’s Heating Transition Vision, provide individual subsidies and support local energy
cooperatives. We propose three alternative rationales: link efforts with housing corporations, activate
willing residents, and alleviate energy poverty. Policy effects are often underpinned by spatiality, and
therefore are catchment areas defined for each policy rationale. Through spatial intersections of vulner-
ability in access and the policy catchment areas, is found that each policy rationale covers vulnerable
localities to varying extents. .

Evaluative framework for policy rationales. Each policy is evaluated on effectiveness in covering
vulnerability in access, potential decarbonisation (gas usage) and investment needed (insulation up-
grades and new heating source). This is done on the aggregated municipal level and the disaggregated
balance through space. We find two approaches to be the most effective in covering vulnerability city-
wide: link efforts with housing corporations and alleviate energy poverty. For both rationales, the de-
carbonisation potential per dwelling is slightly lower than The Hague’s median, due to smaller dwelling
types requiring less energy for heating, paired with lower investment. Figure 1 presents how the three
indicators are balanced through space.
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(a) Policy rationale: Link efforts with housing corporations (b) Policy rationale: Alleviate energy poverty

Figure 1: Spatial balance between vulnerability, decarbonisation and investment for two selected policy rationales. Localities
coloured orange, brown and grey represent cost-effective decarbonisation, while covering vulnerability.

Collective citizen engagement factors. As meaningful citizen engagement is considered to be a
key factor in the success of the heating transition, it is evaluated which factors are in place that foster
collective decarbonisation efforts. Generally, these factors relate to the presence of local energy co-
operatives, financial capacity and (digital) communication structures. It is found that these factors are
on the lower side when there are no energy cooperatives or housing corporations present.

Synthesis and concluding remarks
Three overarching conclusions are derived that enhance local residents’ capabilities, to achieve a more
just heating transition. These conclusions serve as the basis for the policy recommendations.

Overarching conclusions

1. Policy tools are lacking that make the heating transition accessible for more vulnerable homeown-
ers and private renters. Thereby, in administrative area-based approaches, local realities can be
overlooked, leading to insufficient consideration of local vulnerabilities.

2. Distributing opportunities that enhance access to the heating transition, over the fair distribution
of spatial energy goods, can contribute to bending dynamics that cause socio-spatial inequalities.
To achieve this, special attention needs to be given to the nature of public policies, local social
norms, prioritised demands of justice, and local agency in power dynamics.

3. Local energy cooperatives contribute to collective decarbonisation efforts while guaranteeing local
agency regarding public policies, shaping social norms and engaging in power dynamics. This
factor could contribute significantly to improving vulnerable communities’ access to opportunities
in the heating transition.

Recommendations for policy making

1. Link policy resources with the efforts of housing corporations to include surrounding homeown-
ers and private renters in the heating transition, as properties of housing corporations are often
located in vulnerable places.

2. Treat the heating transition as an opportunity to structurally alleviate disadvantaged areas, that
foster local agency in order to bend structural dynamics that (re)produce patterns of inequality.

3. Initiate local energy cooperatives in vulnerable areas of The Hague to foster local agency and
alleviate local barriers (e.g., social norms towards issue, inability to make individual investments).
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Given the limitations in this research and possibilities for the framework to be applied in different con-
texts, distilled recommendations for future research are:

• Revisit the conceptualisation of the energy justice dimensions from other academic fields. New
conceptualisations bring forward new perspectives on how to enhance local residents’ capabilities
and create new understandings of structural drivers that (re)produce patterns of inequality.

• Approach procedural justice first. This provides a starting point to create an understanding of
localised societal freedom factors, capturing local agency regarding public policies, social norms
and power dynamics.

• Redefine the spatial unit of analysis from localities to communities. Spatial communities based
on social coherence as an analytical unit will open up exploration of collective citizen engagement
in transitions, as the key factor for fostering local needs and well-being.

• Uncover patterns of inequality in opportunities and barriers for different spatial fields. As our cities
are shaped by a wide variety of structural dynamics, it is relevant to apply similar approaches to
understand the accumulation of injustices, for instance regarding climate, housing and transport,
and how these fields might interact with each other.
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Introduction

In the face of climate change, the world, countries, regions and cities need to decarbonise. This brought
energy transitions to the top of the political agenda (Sequeira et al., 2024), including the heating tran-
sition of the residential built environment. As socio-spatial inequalities in European and non-European
cities are increasing (Cassiers and Kesteloot, 2012), transition measures should address the complex
dynamics that (re)produce patterns of socio-spatial inequality (Bouzarovski and Simcock, 2017; Garvey
et al., 2022). Doing this for the heating transition is especially relevant, being intertwined with housing
affordability, adequate housing and resilience to climate change. Thereby, equitable access to clean,
reliable and affordable energy enhances well-being outcomes, as access to energy enables one to
achieve other goals (Melin et al., 2021).

The challenge of the heating transition of the residential built environment. About 25% of all gas in
The Netherlands is used by households (Centraal Bureau voor de Statistiek, 2022a). In 2019, 92% of
the dwellings had a central heating system or block heating, connected to the gas network (Centraal
Bureau voor de Statistiek, 2021b). In the same year, about three-quarters of the natural gas used in
the residential sector was used for heating the home (Centraal Bureau voor de Statistiek, 2018). There
is a lot of potential for energy savings and replacing heating systems operating on gas. In the Dutch
context, the primary heating alternatives are district heating, heat pumps, and possibly hydrogen for the
most complex built environment. Generally, the heating transition is approached as technically com-
plex, lacking sensitivity to the social implications. Planning the heating transition is primarily guided
by technical and economical feasibility, using tools such as the spatial energy model for the built en-
vironment, developed by Planbureau voor de Leefomgeving (2012). Such models fail to address the
socio-spatial inequalities in the heating transition and underestimate the engagement of local residents,
a key factor for success (Beauchampet and Walsh, 2021). It is therefore socially relevant to approach
the issue holistically and to include justice aspects.

Increasing concern of energy poverty. As energy prices have been rapidly rising and awareness
of growing inequalities, concerns about energy poverty have emerged in The Netherlands (Mulder et
al., 2023). Mulder et al. (2023) found that 7% of the Dutch households are energy poor, in terms of
energy affordability of energy efficiency of the home. In addition, Mulder et al. (2023) found that 48%
of the households cannot participate in the energy transition by themselves, being renters or having
insufficient financial resources. Until recently, the problem of excessive energy bills was treated as
an issue related to income poverty, ignoring the multifaceted drivers and outcomes of energy poverty
(Mulder et al., 2023). While the inability to pay the energy bill is an important aspect of energy poverty,
it ignores the roots of the problem. Sociodemographic and built environment characteristics contribute
to higher socio-spatial vulnerability to energy poverty, besides energy-efficiency of dwellings, financial
capacity and home ownership (Robinson et al., 2019)

Decarbonisation as individual responsibility. Despite the fact that almost half of the households can-
not participate in the heating transition, is the responsibility of decarbonisation within urban areas often
put on individuals, where governmental agencies provide subsidies to individual households for reno-
vating their houses or adopting new heating sources. Such self-referral approaches have led to socio-
spatial patterns of exclusion of vulnerable population groups (Nordholm and Sareen, 2021; Reames,
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2016), by neglecting the diverse needs and vulnerabilities of citizens, particularly those with limited ac-
cess to resources for participation. Reames (2016) suggests that proactive area- or community-based
targeting may be more effective in increasing residential energy efficiency fairly, given the spatial con-
centration of vulnerable block groups. Therefore, empowering citizens to adopt decarbonisation solu-
tions collectively is desirable to ensure that nobody is left behind in the decarbonisation process (Carley
and Konisky, 2020).

Policy context. The European Union, The Netherlands and Dutch municipalities have developed
strategies and action plans for enabling the heating transition in a just way, consisting of plans for
insulation, heating and energy poverty. While these plans overlap and have co-benefits, it’s complex
to tie these aspects together, due to the differences in technical potential, social acceptance and cost-
effectiveness.

Research aim. This research seeks to uncover socio-spatial inequality in access to opportunities in
the heating transition. By shifting the focus from spatial goods to access to opportunities, we address
the roots of why people are vulnerable to being left behind in the decarbonisation process. We employ
energy justice, enriched with spatial and capability thinking, as conceptual framework. We use com-
putational modelling to uncover spatial disparities in access for The Hague. In a nutshell, this research
uncovers patterns of local vulnerability in access to opportunities in the heating transition (recognition
justice), evaluates how spatial patterns of vulnerability relate to the spatial distribution of well-being,
adaptation of clean energy technologies and future opportunities (distributive justice), and evaluates
policies on effectiveness to alleviate spatial inequalities while decarbonising (procedural justice).

Case study: The Hague. The city of The Hague in The Netherlands is used as a case study to
uncover patterns of inequality in access to opportunities in the heating transition. The Hague is an es-
pecially interesting case study city being the 3rd city in the Netherlands in terms of population size, with
around 550,000 residents. The coastal location of The Hague and its proximity to the Westland green-
houses and industrial areas of the Rotterdam port positions the city uniquely for technical opportunities
in the heating transition. The diverse population of The Hague, existing of Hagenezen and Hagenaren,
new and long-term residents, students, public servants, and a large international population, give an
interesting social dimension to the heating transition.

Report outline. This report is structured as follows. In chapter 2, background literature is presented
where energy justice is introduced from a spatial & capability thinking perspective. In chapter 3, an
extensive research approach is introduced to find patterns of socio-spatial inequality. The results are
given in chapter 4. The conclusion, discussion and future directions are presented in chapter 5.
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Background literature

Considering justice aspects while creating policies for shaping the heating transition, is essential to help
decision-makers make informed choices that effectively address the causes of energy poverty, and
what makes people vulnerable to being left behind in the energy transition (Bouzarovski and Simcock,
2017). This research seeks to address the concept of energy justice by adopting a holistic and spatially
sensitive approach, enriched by capability-thinking. Firstly, the three underlying theories of justice are
discussed (2.1). Secondly, we’re interested in the factors affecting access to the heating transition, to
understand what drives inequality (2.2). Thereafter, we discuss the three dimensions of energy justice
in more detail - recognition (2.3.1), distributive (2.3.2) and procedural (2.3.3). Finally, the background
literature is synthesised in the conceptualisation (2.5).

2.1. Theories of justice
From a social justice perspective, policies must ensure that marginalised and disadvantaged groups
are included in societal benefits to create a fair and equitable society. The discourse of social justice
has developed over centuries and continues to evolve, addressing contemporary challenges or ex-
panding theories with new dimensions and considerations. This provides a variety of perspectives and
possibilities for defining fairness and justice in the heating transition context, of which we selected:

• Energy justice, given the elaborate application in analysing fairness in energy transitions, systems
and policies;

• Spatial justice, as the heating transition unfolds in urban environments that are shaped by complex
spatial processes;

• Capability approach, as the heating transition affects people’s daily life, and participation is a key
factor for the success of the heating transition.

This research seeks to approach justice in the heating transition at the intersection of energy jus-
tice, spatial justice and the capability approach, a three-theory cross-over not earlier explored or ap-
plied. Generally, the theories are shaped and applied in independent academic disciplines. Only re-
cently, researchers explored two-theory cross-overs, providing unique interdisciplinary perspectives.
An overview of theories and cross-overs is presented in figure 3.1.

• In Spatializing energy justice, Bouzarovski and Simcock (2017) introduce the spatial dimension
to understandings of energy justice, bringing forward geographical underpinnings of energy in-
equalities, such as energy poverty;

• In theSpecial Issue on Energy Justice and the Capability Approach, Melin et al. (2021) explore the
application and benefits of the capability approach to the field of energy justice, and find enhanced
understanding of the multidimensional impacts of energy poverty and its socio-material nature.

3



2.2. Access to opportunities in the heating transition 4

• Recent literature on spatial justice shifts the focus from spatial goods to opportunities (Hananel
and Berechman, 2016; Nordberg, 2020). Conversely, the capability approach is applied directly
to urban contexts and processes (Basta, 2015; Frediani, 2021). Both approaches bring a socially
oriented perspective to city-making.

Figure 2.1: Theory diagram presenting the three selected theories of justice, and interdisciplinary applications. Previous research
combined two out of three perspectives. We contribute to academica by combining three theories as a guiding framework.

Without considering the spatiality of energy justice, the focus lies on differences between social
groups, and not on how this differs through space. Bouzarovski and Simcock (2017) present evi-
dence that spatial differences in vulnerability to energy poverty are not the result of individual choices,
but emerge from structural spatial inequities, present throughout the whole energy system. There-
fore, to achieve a just heating transition, the underlying structural dynamics should be analysed that
(re)produce patterns of injustice (Bouzarovski and Simcock, 2017; Garvey et al., 2022; Soja, 2010). In
the capability approach language, these dynamics affect the capabilities and opportunities of people.
This brings us to conceptualise the energy justice dimensions with the spatiality of factors that affect
people’s opportunities in the heating transition.

2.2. Access to opportunities in the heating transition
Similarly to Kraaijvanger et al. (2023), our interest is in people’s freedom to access opportunities and
enable them to decide whether to participate. This aligns with capability thinking, where control over
one’s environment is an important capability, and the focus on opportunities over spatial energy goods
(Hananel and Berechman, 2016; Nordberg, 2020). We define access similar to Kraaijvanger et al.
(2023), using Burns (1979)’s definition: “the freedom of individuals to decide whether or not to partici-
pate in different activities”.

Where Kraaijvanger et al. (2023) employ the Theory of Planned Behaviour to determine if the ac-
tion of adopting solar PV is accessible, we use a concept from the capability approach that is similar to
perceived behavioural control: ’conversion factors’, which reflect the ’conditions that influence the free-
dom people have to convert resources into a functioning’ (Frediani, 2021), with functionings being the
variety of ’goods, services, activities and positions that a person would like to consume, undertake, or
be’ (Hananel and Berechman, 2016). We refer to this concept as ’freedom factors’, to avoid confusion
with energy conversion.
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The freedom factors provide a structured approach to conceptualise the three dimensions of energy
justice, which is further elaborated on in the next section. Generally, the factors are classified into three
types: personal, societal and environmental (Frediani, 2021; Robeyns and Byskov, 2023):

• Personal freedom factors:

– Relate to personal abilities, capacities and skills to use a particular resource, and are internal
to the person (Frediani, 2021; Robeyns and Byskov, 2023).

– For example: Do people have the finances, authority and knowledge for insulation upgrades
or changing heating sources, and could they access subsidies for that?

• Societal freedom factors:

– Relate to the society one lives in, consisting of public policies, social norms, and power
relations (Frediani, 2021; Robeyns and Byskov, 2023).

– For example: Are there subsidies available for making energy upgrades to the home? And
is changing heating systems socially acceptable?

• Environmental freedom factors:

– Relate to the geographical area where one lives, where the built environment characteristics
play a role in the possibilities available (Frediani, 2021; Robeyns and Byskov, 2023).

– For example: Are there heating sources and/or systems available close by? And is making
changes effective, looking at the built density, building types and current energy efficiency
of the dwellings?

2.3. Dimensions of energy justice
For each dimension of energy justice, different types of freedom factors are emphasized. Regarding
recognition justice (2.3.1), we are interested in personal and environmental factors as people are unique
and have diverse needs, abilities, capacities and skills to participate in the heating transition. Thereby,
their home location provides different opportunities and barriers through the built environment. As
energy decision-making cannot change personal or environmental characteristics, efforts to enhance
justice in the heating transition focus on societal factors. Therefore, distributive justice (2.3.2) is con-
ceptualised concerning public policies, social norms and power dynamics to reflect on disparities in
societal freedoms. Procedural justice (2.3.3) explores how societal freedom factors can be enhanced,
and whether policies are effective in reaching vulnerable groups.

2.3.1. Recognition justice
Recognition in the context of energy justice covers broadly two efforts to foster just outcomes: (1)
Acknowledgement of historic and ongoing inequalities, that have shaped the identities, histories, and
power dynamics (Bouzarovski and Simcock, 2017; Carley and Konisky, 2020; Garvey et al., 2022), and
(2) Efforts to reduce inequalities and energy poverty and ensuring equal opportunities in the transition
(Carley and Konisky, 2020; Mulder et al., 2023). Applying spatial thinking to this context, recognise
therefore that (1) Places and communities have their own local identities, which may shape the access
and acceptability of transition measures (Garvey et al., 2022), and that (2) Some places are more
vulnerable than others (Bouzarovski and Simcock, 2017). Capability thinking is sensitive to such spatial
contextual diversity, and asks the question of what people can do or be with, for instance, opportunities
related to the heating transition to improve their welfare (Frediani, 2021), particularly considering the
disadvantaged (Hananel and Berechman, 2016).

As local characteristics influence the freedom in access to opportunities, some places are more
vulnerable to being left behind in the decarbonisation process. Therefore, the aim for recognition is to
uncover socio-spatial vulnerability, where we first discuss the spatial scale of recognising vulnerabilities,
followed by what vulnerability entails.
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Recognising local realities
Heating transition plans are made neighbourhood by neighbourhood, developing the district heating
network street by street, and insulating house by house. The nature of these efforts allows us to
consider a smaller spatial scale, making efforts to find local realities that otherwise could be overlooked
in the policy-making process, as municipalities often allocate their resources based on neighbourhood-
level information.

Local realities are not necessarily defined by administrative boundaries, since for example within
administrative neighbourhoods the built environment could differ, with building blocks built in different
time periods, with different building heights, densities and styles. Also, some areas might be more
mixed-use, with local shopping streets, industrial sites, or other functions. On the social side, could
home-ownership structures differ through administrative zones, as housing corporations could have
properties close to each other in a part of it, and in other areas there might be only bought houses or
more mixed situations. Also, environmental barriers could play a role in different social groups living
in different areas, like on other sides of a river or main roads. Thereby, such local realities might exist
crossing administrative zones.

Bringing the above together, multiple local realities could exist within administrative zones and could
cross various zones. As different local realities exist, with different environmental and personal freedom
factors (described in section 2.2), these localities experience different levels of freedom in accessing
opportunities in the heating transition, which is further elaborated on in the next section.

Socio-spatial vulnerability in access to opportunities
Achieving recognition justice entails ensuring equal opportunities in the heating transition and reducing
inequalities and energy poverty (Carley and Konisky, 2020; Mulder et al., 2023). We define socio-
spatial vulnerability in the heating transition in terms of access to opportunities, as we’re concerned with
enhancing the capabilities needed to participate in the heating transition. Bouzarovski and Simcock
(2017) describe that spatial differences in (vulnerability to) energy poverty are not caused by variations
of individual ’choices’, but do result from structural geographical inequalities in various stages of the
energy systems, as well as the ’infrastructural, economic, and cultural make-up of societies’. We,
therefore, examine the multidimensional drivers that underlie processes that make people vulnerable
to being left behind in the decarbonisation process. The literature on vulnerability to energy poverty
serves as a base, adapted to the Dutch heating transition context.

Multifaceted nature of energy poverty. Energy poverty, defined as the inability of households to
afford energy, such as heating, is seen as a major energy justice concern (Bouzarovski and Simcock,
2017; Reames, 2016). While this definition makes it seem that an excessive energy bill is an issue
related to income poverty, it shouldn’t be neglected that the problem is multifaceted in causes and out-
comes (Mulder et al., 2023). The combination of low incomes, high energy bills and energy-inefficient
housing could, even in wealthy countries, lead to harmful social effects, such as health issues, accu-
mulated utility debts, loneliness, uncomfortable indoor temperatures and material deprivation (Mulder
et al., 2023; Reames, 2016) - and thus negatively influences the freedom people to be healthy, debt
free, and included in society.

Capturing energy poverty. Efforts are made to capture energy poverty on the household level, such
as Mulder et al. (2023) did in the Dutch context, measuring: (i) the affordability of energy, (ii) the energy-
efficiency of houses and (iii) households’ ability to participate in the energy transition, in terms of inability
to invest in renovation. Capturing energy poverty with measures focusing on income, efficiency and
price neglects other socio-spatial vulnerabilities and failures to capture diverse vulnerability dimensions
evident in wider energy poverty research (Robinson et al., 2017). Thereby, measuring energy poverty
at the aggregated household level masks the vulnerabilities of individuals within those households
(Pelz et al., 2018). Vulnerability factors that could lead (in)directly to energy poverty and a loss of
well-being, internal and external of the home, relate for instance to: energy efficiency, access, financial
capacity, energy-related needs and practises, energy prices, social networks, precarity of housing, and
welfare and state support (Robinson et al., 2019). The research by Robinson et al. (2019) identifies a
diverse range of indicators and associated vulnerability factors and found that by applying a spatialised
approach, those hidden localised vulnerabilities could be exposed.

Access to opportunities in the heating transition. A lack of access contributes to energy poverty and
a loss of well-being, due to ’inability to access appropriate fuel types’ and the inability ’to benefit from
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new technologies’ (Robinson et al., 2019). We argue that limited freedom for decicing to participate,
also leads to a loss of well-being as one lacks behavioural control. The vulnerability in access to heating
transition opportunities entails thusmore than vulnerability to energy poverty. We thereforemeasure the
level of opportunity (thus, access to opportunities) as the socio-spatial vulnerability indicator, ’not only
by income or property ownership, but also by non-income factors’ (Hananel and Berechman (2016)).

2.3.2. Distributive justice
Distribution in the context of energy justice covers the fairness in the distribution of resources, benefits
and burdens across society (Bouzarovski and Simcock, 2017; Carley and Konisky, 2020; Garvey et al.,
2022), and thus that everyone can access affordable, reliable and clean energy services (Mulder et al.,
2023). Applying spatial thinking to this context, acknowledges that distributions could be uneven across
space, possibly intersecting with existing inequalities or (re)enforcing them, due to underlying mecha-
nisms (Bouzarovski and Simcock, 2017; Garvey et al., 2022; Nordberg, 2020). Capability thinking is
inherently distributive, shifting the focus from distributing spatial goods to enhancing opportunities for
participation (Basta, 2015; Frediani, 2021). Therefore, we aim to find multidimensional socio-spatial
disparities, in burdens, benefits and opportunities.

The distribution of benefits, burdens and opportunities is interpreted through societal freedoms,
encompassing public policies, social norms and power dynamics. We use these factors to under-
stand how well-being, spatial energy goods and future opportunities are distributed through society
and space, and how disparities in societal freedoms contribute to this. We use well-being indicators to
uncover wider patterns of inequality and which areas might have been overlooked (burdens). We use
the adaptation of spatial energy goods to evaluate who and where already realised access (benefits).
We explore resources for change through public policies and social norms (opportunities).

Importance of well-being
The capability approach is concerned with the distributive effects of opportunities that enable people
to achieve well-being (Frediani, 2021). Well-being is a broad concept, and describes a state of overall
health, happiness, and life satisfaction, with definitions varying across disciplines. Although a clear
definition is lacking, there is consensus on the multidimensional character of the concept (Boelhouwer,
2010). By considering how well-being is distributed, a strong emphasis is placed on the multifaceted
societal outcomes of people living with energy poverty, which encompasses for instance health issues,
loneliness and debts (Mulder et al., 2023). A spatial intervention as the heating transition could improve
livability and health outcomes locally, and thus improve well-being.

Adaptation of spatial energy goods
The adaptation of different energy goods is incentivised by different policies and the nature of these
energy goods, and thus also who has been able to access them. When considering the existing built
environment, individuals can make use of subsidies to purchase solar panels or a heat pump, and
they are responsible themselves for installation. District heating requires enough density of houses
to be connected to the network, to make the project feasible. Since housing corporations are incen-
tivised by sustainable targets set by the central government and have large housing stocks, they seek
the help of heating providers to make their properties more sustainable. It is assumed that individual
households have so far lacked access to district heating, as they fall out of the scope of projects led by
housing corporations. For newer and future urban developments, often clean energy technologies are
incorporated in the planning process, with the people moving in thus having access to them.

Distribution of future opportunities
Opportunities in the heating transition are primarily created by changes in societal freedom factors,
as local factors regarding sociodemographics and the built environment only change over longer peri-
ods. We identify two societal factors that align with enhancing access to opportunities in the heating
transition: the availability of public policies and social norms aligned with the issue at stake.

Public policies. Given the urgency to decarbonise the existing built environment, public policies
such as heating transition visions are in place, with more in the making (neighbourhood implementation
plans) or effective soon (Warmtewet).
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