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ABSTRACT

KEYWORDS

This paper explores how the Capability Approach (CA) can
enrich the concept of energy justice by assessing the
impact of two cases of digitalisation in the energy sector.
Digitalisation promises technical solutions to pressing
challenges in the energy sector such as climate change and
fossil fuel scarcity. Current academic and popular
discussions of these solutions are dominated by a technoutopian ideal, which sometimes obscures complex ethical
and social challenges. Furthermore, technology assessment
in the energy sector often focuses on environmental and
economic aspects of sustainability, while issues of energy
justice or broader ethical concerns are often a low priority.
In this paper, we explore whether Nussbaum’s version of
the CA can be used as a systematic approach to the
assessment of technological options that helps bring
energy justice into the spotlight. Drawing on examples
from two diﬀerent areas of the energy system, namely,
smart grids for the electricity sector and autonomous
vehicles for the mobility sector, we demonstrate that the
CA provides a normative framework that allows for aspects
of individual deliberation and as such is well suited as a
normative metric for the conception of energy justice in
social science.

Energy justice; normativity;
Capability Approach; central
capabilities; smart grids;
automated driving

Introduction
Climate change and limited fossil fuel resources are driving multiple changes to
the energy sector, from a transition towards more renewable energy sources to
greener private transport options. Digitalisation is seen as a central technology
enabling these transitions (e.g., Muench, Thuss, and Guenther 2014), but raises
new ethical concerns related to, for example, data safety and security. These
ethical challenges are all the more pressing as digitalisation occurs on much
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faster timescales than the typical energy sector investment periods of several
decades (Milchram et al. 2018a).
The digital revolution will be seen in all three segments of the energy sector,
namely, power, heat, and transportation, as well as in the increasing connection
and integration of these three segments. This paper focuses on power and transportation since these sectors currently have the greatest potential for digital
transformation (Thomopoulos and Givoni 2015; Fleischer and Schippl 2018;
International Energy Agency 2015, 2011). Digitalisation already plays an integral part in the power sector, primarily in the form of smart grids. In the mobility sector, digitalisation is often associated with automated or connected
vehicles, which have become one of the most debated topics in the ﬁeld
within just a few years (Fleischer and Schippl 2018; Docherty, Marsden, and
Anable 2018; Schippl and Arnold 2020).
To address the various ethical challenges associated with digitalisation in the
energy sector, the emerging ﬁeld of energy justice seems most suitable. Energy
justice provides a general concept for applying justice principles to the diﬀerent
areas associated with human energy consumption (Jenkins et al. 2016; Miller,
Iles, and Jones 2013; Sovacool and Dworkin 2015). This concept emerged
within the social sciences with the aim of moving the energy discourse
beyond economic considerations.
In this paper we aim to show that the Capability Approach (CA) can enrich
the concept of energy justice by serving as a ‘metric of justice’, giving an indication of what one needs to include when judging whether a state of aﬀairs is
just (e.g., Hillerbrand 2015; Wood and Roelich 2020). The CA has gained prominence over the last few decades as a leading alternative for thinking about
poverty but has only recently been applied to energy use (and all its preconditions, eﬀects, and side-eﬀects). Such applications often focus on energy poverty
(e.g., Middlemiss et al. 2019; Day, Walker, and Simcock 2016; Pachauri and
Spreng 2011; Pachauri et al. 2004) and also include considerations of justice
(e.g., Bartiaux et al. 2018; Melin and Kronlid 2019; Wood and Roelich 2020).
For example, in applying a capabilities perspective to energy poverty, Day,
Walker, and Simcock (2016) relate energy services to the attainment of basic
capabilities and propose a deﬁnition of energy poverty that focuses on the
‘inabilities to realise essential capabilities’ as a consequence of ‘insuﬃcient
access to aﬀordable, reliable, and safe energy services’ (Day, Walker, and
Simcock 2016, 260). Bartiaux et al. (2018) operationalise a range of Nussbaum’s
capabilities using secondary quantitative data from the ‘Generation and Gender
Programme’ and show that energy poverty in Belgium is related to the deprivation of many capabilities, including not just those related more closely to
energy but also capabilities connected with recreation, feeling of fulﬁlment,
and security. In this paper, we do not intend to redeﬁne energy justice, but
rather to illustrate how Nussbaum’s capabilities can provide normative guidance when assessing technological developments.
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In the following section, we illustrate how the CA may enrich the concept
of energy justice by two case studies elucidating diﬀerent aspects of digitalisation in the energy sector: smart grids and autonomous vehicles (section 3).
Sections 4 and 5 compare the two cases and discuss possibilities for future
research.
Energy Capabilities as an Interpersonal Normative Foundation for
Energy Justice
Energy justice addresses the ‘equitable access to energy, the fair distribution of
costs and beneﬁts, and the right to participate in choosing whether and how
energy systems will change’ (Miller, Iles, and Jones 2013, 143). Justice here is
constructed in three dimensions, namely, distributive justice (addressing the
allocation of beneﬁts and harms), justice as recognition (giving attention to
inclusiveness and potential misrecognition of vulnerable stakeholder groups),
and procedural justice (concerned with equitable decision-making processes)
(McCauley et al. 2013). Although energy justice literature treats these three
dimensions as parallel considerations, the dimension of recognition seems to
operate on a diﬀerent level. The question of whom to recognise as a moral
object—e.g., all human stakeholders, other sentient beings, or nature for its
own sake—arguably precedes considerations of distributional and procedural
justice.
The concept of energy justice, though normative in itself, is rooted in practical concerns and as such may proﬁt from a more profound normative foundation (c.f. Sovacool et al. 2017; Pellegrini-Masini, Pirni, and Maran 2020 for
related criticism). A tighter connection to ethical theorising may help in deciding which of the many ethically relevant challenges in energy supply, demand,
and various other aspects of the energy system are most pressing. Without such
a theoretical commitment, the energy justice debate runs the risk of predominantly considering issues that are already addressed in the public discourse,
rather than actively shaping the discourse on energy ethics. For example,
Jenkins et al. (2016) discuss the distributional impacts of the German energy
transition for the most economically vulnerable, while omitting losses faced
by major energy suppliers that have to close down nuclear power plants. This
is not to say that there are no good reasons to focus on those who are worst
oﬀ economically, but such reasons need to be clariﬁed. To be fair to the
article, the discussion of the energy transition may be interpreted as an illustrative example, rather than a comprehensive evaluation of all issues of justice
relating to the energy transition. Even so, there remains a drawback, namely,
that without (even tentatively) spelling out a material normative foundation,
the evaluation may become somewhat arbitrary. Such a foundation would,
for example, specify how to balance diﬀerent obligations towards various
stakeholders.
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The CA can oﬀer such a normative foundation that can be usefully applied to
energy justice (Schlosberg 2007). It can serve as a ‘metric of justice’ (cf. Hillerbrand 2015; Wood and Roelich 2020), providing normative guidance on what
needs to be distributed among human beings, namely, the capabilities. While
other normative theories such as utilitarian accounts may also provide this
kind of guidance, for reasons that will become clear below, we focus on the contribution the CA can make.
In general, the CA oﬀers a broad normative framework for assessing individual human wellbeing and social arrangements. The CA deﬁnes a well-lived
human life as one in which central decisions are made by the person herself.
The freedom to choose and to actively realise what one has reason to value is
seen as intrinsically valuable (Sen 1992). Assessing the quality of life in terms
of freedom and action, the CA takes into account the fact that human beings
diﬀer in their capacities to make use of goods and resources, while at the
same time assuming that ‘reasonably valuable activities’ can be deﬁned in a generalised and objective way, at least in principle. Note that while Nussbaum
oﬀers an account of these central capabilities (see below), for Sen the important
capabilities are decided collectively. Thus the CA goes beyond subjective
accounts that build on stated preferences, as is the case in utilitarian or primarily participatory approaches that focus on stakeholder involvement.
Let us brieﬂy consider some central characteristics of the CA that may be
helpful in enriching energy justice. Firstly, the individual is the central unit
of evaluation in CA. This approach may thus provide an individualistic foundation for the concept of sustainability, which is commonly perceived as an
aggregated concept (cf. Hillerbrand 2018). This enables us to compare ethical
issues that prima facie arise at the level of the individual with aggregate concerns like ecological issues. Thus we can address conﬂicts between, for
example, issues of privacy raised by introducing smart grids and sustainability
considerations that stress the need to integrate more intermittent renewable
energies such as wind or solar. Secondly, assuming that the CA can meaningfully include people living not only in the present but also in the future,1 this
approach responds to the challenge inherent in sustainability considerations,
namely, the empirical inaccessibility of the interests of future generations (Hillerbrand 2015).
Thirdly, with its central focus on capabilities, the CA not only takes into
account the impacts that a certain arrangement of energy sources may have
on various aspects of human wellbeing, it also allows us to consider alternative
courses of action. As the central unit of evaluation are capabilities and not
actual functionings, the CA puts emphasis on alternative, but possible realizations of the world; for assessing technological systems this puts particular
focus on alternative technological development paths as they are often
addressed in technology assessment under the header of scenarios. As the
future may reveal unforeseeable risks with new technologies, this puts emphasis
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on the reversibility of technological developments or human actions more
broadly (or, rather, the closest possible approximation of their reversibility,
cf. Hillerbrand 2015).
The freedom to choose one’s own concept of wellbeing as highlighted in
Sen’s version of the CA provides some normative guidance, but orientational
knowledge for energy justice considerations requires further elaboration.
What are the relevant capabilities? Here, Nussbaum’s account of ‘central
human capabilities’ oﬀers a starting point (Nussbaum 2007, 76–78). Inﬂuenced
by Aristotelian thinking, Nussbaum puts human dignity at the centre of her
account of the CA. Although the suggestion of a ‘list’ of relevant capabilities
is contested among CA scholars (cf., e.g., Day, Walker, and Simcock 2016;
Robeyns 2005), the foundational idea that the list is open for interpretation
and adaptation makes it a good starting point for this paper. The abstract
nature of the central capabilities demands contextualisation, and Hillerbrand
and Goldammer (2018) have recently conceptualised the central human capabilities in the context of energy systems. These ‘energy capabilities’ are not
additional or new capabilities, but an adaption of Nussbaum’s lists as found
in Nussbaum (2006, 76) and Nussbaum (1999, 49–59), tailored to energy
ethics, in order to, for example, better enable engagement with various
stakeholders.
The central human capability of life refers to the ability to live and not to die
prematurely. Bodily health or bodily integrity refers to the ability to enjoy
good health and to eat adequately, to have shelter and to be safe from violence,
as well as to move freely from one place to another. For the energy capabilities,
‘life’ is associated with major life-threatening accidents in the energy sector,
while ‘bodily integrity’ encompasses all other impacts of energy systems on
human health.
For Nussbaum, emotions refer broadly speaking to the capability to avoid
trauma and to feel joy. In the energy system, this might be negatively impacted
by fear of accidents, be they realistic or not, or trauma from losing habitat (e.g.,
due to climate change or lignite production). Energy technologies may also
have a positive impact here, in the certainty of a stable power supply, for
example, or the feelings of safety in a warm house.
In addition to emotion, Nussbaum lists further cognitive aspects in her
catalog of central capabilities. For a digniﬁed human life, one needs to be
able to use one’s senses, imagination, and intellectual abilities. One (negative) connection of this capability with energy arises when certain aspects of
an energy system are placed under a taboo. Climate engineering—the conscious
manipulation of the earth’s climate—may be a case in point. On the positive
side, we can classify various energy systems by the extent to which they constructively inﬂuence the central capabilities of ‘senses, imagination and
thought.’
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Trust refers to the capability to engage in relationships with people and
things outside of ourselves. When thinking about energy, changes in the
environment due to energy infrastructures or other large-scale impacts are detrimental to our ability to trust the stability of our environment.
Ecological connectivity describes the ability to empathise or sympathise
with non-human animals, plants, and nature in general. While trust is
related to large-scale ecological changes that are partly perceived as abstract,
smaller and more direct environmental impacts of the energy system fall
under ecological connectivity.
Nussbaum’s central capability of practical reason refers to the ability to
develop a conception of ‘the good’ and of ‘the good life.’ It also entails the capability to plan and critically reﬂect on one’s own life. Given the central importance that the energy supply holds for the individual and the enormous
impacts of energy systems on humans and their environment, this central capability includes critical reﬂection on personal energy use and thus a reﬂection on
the preferred energy system. This presupposes the ability to develop a concept
of a good energy system and to critically question existing systems or political
proposals. It further requires that decisions in the energy sector be suﬃciently
transparent and citizens suﬃciently knowledgeable in the ﬁeld.
Aﬃliation refers to the capabilities of social interaction and identifying with
others, the ability to ‘live with others and live for others’, the ‘ability to practice
justice, and make friendships’. Amongst other aspects of justice, this capability
is concerned in part with distributive justice, i.e., questions regarding the costs
and beneﬁts of energy policy regulations (understood broadly, not just in economic terms) and their impact on distribution.
The capability of play is all about the ability to laugh, play, and enjoy relaxing
activities. When comparing diﬀerent energy systems, this category raises the
question of how the energy quantities or services being provided inﬂuence
the capability of play.
Control of one’s environment is the capability to live one’s own life rather
than a life chosen by someone else, and thus relates to personal autonomy. In
the form of electricity, energy can promote an autonomous life in a fundamental way. Here it is important to distinguish energy systems from one another in
terms of the degree of participation (ﬁnancial or otherwise) they allow for
various components of the energy system.

Evaluating Technological Developments with a Capability-theoretic
Approach
Approach

In the following, we present our evaluation of two technological developments:
smart grids in the power sector and autonomous driving in the mobility sector.
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We focus here on potential impacts for stakeholders that are directly and
indirectly inﬂuenced by the use of electricity and mobility systems (cf. Davis
and Nathan 2015). Rather than providing a comprehensive analysis of all consequences of these technologies, we illustrate potential impacts for their endusers. Thus, we do not discuss, for example, impacts along the supply chain
such as human rights violations in the extraction of raw materials needed for
batteries and solar panels. This capabilities-based assessment is the authors’
analysis, based on a consideration of the systems’ characteristics vis-à-vis Hillerbrand and Goldammer’s (2018)energy capabilities presented in Section
2. Table 1 provides an overview of our capabilities-based assessment.
In the ﬁeld of smart grids (SG), the case studies are two pilot projects
implemented in the Netherlands, in which nearly 50 households in two neighbourhoods are interconnected with speciﬁc smart grid approaches. Such pilot
projects are currently the dominant form of smart grid implementation for residential households (Evers and Chappin 2020; Grimm, Kretschmer, and Mehl
2020). Data on the aims, technological set-up, and actors involved in these
pilot projects was collected using semi-structured interviews and a document
analysis in the context of the study in Milchram et al. (2020). The interviewees
were members of distribution system operators, energy suppliers, aggregators,
hardware and software providers, consultancies, as well as the households that
participated in the projects, and thus were all directly involved in the design,
implementation, and use of the system.
For automated driving, we chose to evaluate two scenarios that reﬂect widely
shared assessments of possible trajectories for future development, since broad-

Table 1. Assessment of the impacts of digitalisation on the capabilities in the diﬀerent cases.
Positive impacts: moderate (+), strong (++), very strong (+++); negative impacts: moderate (–);
strong (–), very strong (—); No impact (0)
SG1 (VPP)

SG2 (GF)

AV1

AV2

++
–
++
–
+

++
–
++
–
++

Aﬃliation

+
–
+
0
+
0
0

++
–
+++
0
+++
0
0

Ecological Connectivity

+

+

Play

0

++

++
–

+++
–

+++
–
+++
–
++
–
++
–
++
0
+++
–
++
0
++
0
++
–
++
–

++
–
+
–
+
–
+
0
+
0
0
–
+
0
0
–
+
0
0
0

Life
Bodily health / bodily integrity
Emotions
Trust
Senses, imagination, and thought
Practical reason

Control

8

R. HILLERBRAND ET AL.

scale commercialisation of automated driving is a more distant prospect than
that of smart grids. Most experts expect that automated vehicles (AVs) will
be commercialised sooner or later (Deloitte 2019; Fleischer and Schippl 2018;
Skinner and Bidwell 2016) and that they will have substantial impacts on the
design and sustainability of the mobility sector. However, whether AVs will
increase or reduce the overall sustainability of the mobility sector is still contested (Canzler and Knie 2016; Noy and Givoni 2018; Givoni, Fleischer, and
Schippl 2018; Thomopoulos and Givoni 2015; UITP 2017; Schikofsky, Dannewald, and Kowald 2020; Fagnant and Kockelman 2015). Our scenarios are primarily based on recent work by Truﬀer, Schippl, and Fleischer (2017) and
Schippl, Truﬀer, and Fleischer (2017) as well as other work in the ﬁeld (in particular Fraedrich, Beiker, and Lenz 2015; Fraedrich et al. 2017). It is important
to note that we are not concerned with the likelihood of these diﬀerent trajectories; rather, we have selected plausible scenarios that combine a very high
degree of digitalisation with enormous transformative potential for the mobility
sector. We intend to demonstrate that the CA can help with early identiﬁcation
of challenges related to energy justice, which may arise in the rapidly progressing ﬁeld of digitalisation.
Digitalising Electricity Networks

Digitalisation of electricity networks – commonly denominated by the umbrella
term ‘smart grids’ – is considered as an important enabler to transition to a
more sustainable electricity system, as it allows dealing more eﬀectively and
eﬃciently with intermittent supply from wind and solar energy (Muench,
Thuss, and Guenther 2014). The functioning of smart grids depends to a
large extent on collection, sharing, and processing of real-time data on electricity use, which raises serious concerns regarding, for example, consumer data
privacy and security (Milchram et al. 2018b).
In the following, we brieﬂy introduce our cases, which represent typical
smart grid implementations: Approximately 50 households with solar panels
were equipped with home batteries and home energy management systems
to maximise the local use of solar energy and test the eﬀects of these novel technologies on the distribution networks.
Case I: Virtual Power Plant in Amsterdam (VPP)
In this project, the combined ﬂexible capacity of 48 photovoltaic systems and
home (lithium-ion) batteries are used for trading on the electricity market. A
virtual power plant is a centralised online platform that aggregates a number
of smaller devices into a larger capacity, which then resembles a traditional
power plant (Gerritse et al. 2019). From 2016 to 2019, the project aimed to
test storage systems and the smart use of ﬂexibility in order to understand
their impact on low-voltage electricity grids. Additionally, the project sought
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to develop a business case for trading local ﬂexibility on the wholesale market
and thereby give residential households access to energy markets. The project
was a collaboration between the largest Dutch distribution system operator,
which led the project and operates the local distribution grid; a small energy
supplier and aggregator, which operated the virtual power plant; a software provider, which supplied the platforms to schedule batteries and trade on the
wholesale market; and 48 households with photovoltaic systems in Amsterdam
Nieuw-West (Gerritse et al. 2019). Most of the participating households owned
and lived in their houses, and on average showed a relatively high interest in the
energy transition and in new technologies (Gerritse et al. 2019).
Case II: GridFlex in Heeten (GF)
This pilot project aims to maximise the self-consumption of solar energy within
a community. The system is a combination of storage in sea-salt batteries, an
energy management system, and variable electricity tariﬀs to close the gap
between the supply of renewable energy and electricity use in the neighbourhood. The project, which started in 2017, focuses on creating a community
identity around supporting a sustainable energy system (GridFlex 2019) and
developing a replicable model of a local energy system through variable
pricing and storage (Enexis 2017). GF is a collaboration of a local energy cooperative, which led the project; the local distribution system operator, which
developed and enabled charging of variable network tariﬀs; a hardware provider, which developed and implemented the sea-salt batteries; a software provider for the energy management system; university researchers who developed
the algorithm for battery (dis)charging; several consultancies specialising in
battery systems and citizen energy initiatives; and 47 households in a neighbourhood supplied with electricity through a single transformer. They are
owners and occupiers of their houses, 50% own photovoltaic systems, and 20
are equipped with batteries.
Potential Positive Impacts
A Larger Share of Renewable Energy. Smart grids promise to enable higher
rates of renewable energy generation, which can be seen in both pilot projects’
aim of enabling the increasing implementation of photovoltaic systems by residential households. This can have positive impacts on the capabilities ‘life’ and
‘bodily health’, as reduced air pollution beneﬁts the health and quality of life of
present generations, while that of future generations is improved by the
reduction of greenhouse gas emissions. Although these eﬀects will materialise
only if such systems are applied on a large scale, they demonstrate the
obvious positive capability impacts of smart grids.

Control, Autonomy, and Increased Household Participation. Both pilot projects enable households to play a more active role in the electricity system.
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This has implications for the capability ‘control over one’s environment’. In the
case of the VPP, residential households gained access to the wholesale electricity market, which is usually reserved for energy suppliers, energy service providers, and large industrial consumers. In the case of GF, the system enables
households to maximise the use of locally generated solar energy, thus becoming more independent from the main electricity network while reducing
network load and potentially the need for network expansion. Whereas the
VPP was oﬀered as an aggregator service, GF oﬀered more direct household
participation through its governance as an energy cooperative.
Reﬂection, Control, Playfulness, and Emotions Through Visualized Electricity.
One of the core beneﬁts or value propositions of smart grids is that electricity
ﬂows can be visualised in real time. In the projects discussed here, a web portal
(VPP) and an app (GF) functioned as user interfaces to the energy management
systems. These user interfaces can depict electricity ﬂows among solar panels,
batteries, household appliances, and the electricity grid, and thus enable consumers to gain a greater insight into their electricity generation and use.
The possibility of making electricity usage visible enables consumers to
reﬂect on how their behaviour impacts energy use, which contributes to the
capabilities ‘senses, imagination, and thought’ and ‘practical reason’. This
impact is stronger in GF than VPP due to a more detailed app that clearly visualises electricity ﬂows among solar panels, batteries, and the network, and also
uses a simple and transparent traﬃc-light system to highlight energy costs as
high (red), medium (orange), or low (green).
In addition, consumers gain a greater degree of control over their electricity
use, costs, and ultimately the associated carbon emissions, which once again
positively impacts the capability ‘control over one’s environment’. Users
might for example switch on appliances when solar generation is high, or
adjust battery settings so that midday solar peaks are stored in the battery.
The traﬃc light system in GF enables users to make more informed decisions
about their energy use, and oﬀers more control over their energy expenses and
carbon footprint. This control is not enabled in the case of VPP, where, as mentioned, the battery is controlled by an aggregator.
Making electricity visible also allows consumers to engage more playfully
with electricity than in the status quo, and thus relates to ‘play’. Apps can be
used for gamiﬁcation such as creating playful competition among neighbours
to lower energy-related emissions. In GF, the app-enabled coordination
among the community and encouraged talking about electricity use and generation, creating a general feeling of ‘playing around with new gadgets’, as interviews revealed.
Finally, one might argue that an increased awareness of energy-related
behaviour, the necessity to use renewable energy or save energy, and how
this is connected to mitigating climate change also impacts the capability of
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‘ecological connectedness’. Strictly speaking, however, the technology might
only change how humans relate to human use of resources, not how humans
relate to other species.
Trust, Aﬃliation, and Solidarity in the Community as co-beneﬁts. Beyond
energy-related beneﬁts, GF also had co-beneﬁts due to the community-oriented
project development and the leading role of a cooperative. Interviews revealed
that the community-centric approach fostered solidarity among participants
through working towards a common purpose of taking action against climate
change and creating a better community, with positive impacts on the capabilities ‘aﬃliation’ and ‘trust’. The 100% participation rate in the project also
increased inclusion, communication, and familiarisation with less wellknown community members.
Potential Negative Impacts
Data Privacy, Security, and the Need to Uphold Trust in the System. The most
salient challenge that accompanies the introduction of smart grids is the
reliance on real-time collection and sharing of household energy data (Milchram et al. 2018b). Data on household electricity use and generation is collected and used by project partners to optimally (dis)charge the batteries,
trade on the wholesale market (in the case of VPP), and set price signals in
the app (in the case of GF), as well as for visualising electricity ﬂows for households. This reliance on detailed energy use data threatens household privacy
and presents security challenges. The risk of personal data being used in
ways that are not fully under one’s own control can challenge the capability
‘control over one’s environment’. Data can be abused, for example, to reveal
the presence, absence, and activities of people in a household. In extreme
cases, when this leads to physical and psychological harm, even ‘life’, ‘bodily
health’, and ‘emotions’ might be threatened. The risk of data abuse was slightly
lower in GF than in VPP, as the former had a more stringent approach to anonymizing all household data at the point of transmission from the household to
the external database and IT system used for controlling the local smart grid.
Data sharing also presents challenges for household trust in the system. If
data is abused, users lose trust and may react by using fewer smart grid technologies and refusing to participate in demand response activities, potentially
endangering the stability of the entire electricity network. Experiences from
the VPP project already indicate the importance of upholding household
trust in the system. Some households started to mistrust the battery scheduling,
primarily because they had no insight into its (dis)charging processes, and
unplugged the battery as a consequence. In a more realistic (future) scenario
of a service where users can utilise one part of the battery for self-consumption
while another part is made available for grid-stabilizing purposes, loss of trust
might result in users switching batteries to full self-consumption mode, and
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thus nullify the positive eﬀects of batteries on greater ﬂexibility in the electricity
network.
Control, Senses, and Reasoning – but for Whom?. Whereas smart grids claim
potential positive impacts related to increased citizen participation and the
possibility of visualising electricity ﬂows in real time, a closer look at the
pilot projects reveals that many of these positive impacts are uncertain and precariously dependent on the design of speciﬁc system components. Firstly, the
increase in control that comes with a more inﬂuential and active role for citizens in the electricity system is only accessible to societal groups with the
ﬁnancial means and whose houses fulﬁl the physical requirements for installing
photovoltaic systems and batteries. This poses structural entry barriers for
households that are already considered more vulnerable and at greater risk of
suﬀering from energy poverty: lower-income households, social housing
tenants, and elderly and disabled people. The eﬀect is stronger in VPP than
in GF, in which participation is possible for households who do not own photovoltaic systems and batteries.
Secondly, visualisation of electricity ﬂows is intended to enable reﬂection and
reasoning about how behaviour impacts energy use (i.e., the capabilities ‘senses,
imagination, and thought’ and ‘practical reason’) as well as household control
over electricity use, costs, and related carbon emissions (i.e., the capability
‘control’). These impacts, however, are mediated by the design of the user interface. For example, in VPP, electricity ﬂows to and from the battery are not visualised and the (dis)charging behaviour of the battery remains opaque to users,
thus neither reﬂection nor control is enabled. Another example is the app in
GF, which showed ‘expensive’ times to use electricity, but gave no speciﬁc
advice about which appliances might be switched oﬀ to save energy. Furthermore, the need for novel user interfaces raises concerns about a loss of
control and shift of power in the energy system towards software providers.
Automated Vehicles

As we turn to automated vehicles (AVs), it is important to note the diﬀerent
levels of automation, ranging from no automation (level 0), to driver assistance
systems (levels 1–4), and ﬁnally to fully automated cars (level 5). The last is able
to handle all driving situations that a human driver can (SAE International
2018), and this is the technology on which our ﬁrst scenario is based. Our
second scenario involves level 4 automation: Here, without a driver the car
can only manage certain situations that are possible in limited, special areas;
otherwise, the driver must take over control of the car.
While there is no clear agreement on what automated mobility systems will
look like, the following two trajectories for development are envisioned frequently and form the basis of the two scenarios sketched below (Deloitte
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2019; Fraedrich et al. 2017; Fraedrich, Beiker, and Lenz 2015; Givoni, Fleischer,
and Schippl 2018; Thomopoulos and Givoni 2015; UITP 2017). Note that we set
the focus on urban mobility; a spatially more diﬀerentiated analysis would go
beyond the scope of this paper:
.

.

The ﬁrst trajectory assumes a mobility system based on collective mobility;
automated vehicles supplement and improve public transport, which
becomes increasingly attractive (a virtuous cycle), while the private car
increasingly loses its competitive edge; mobility systems become far more
sustainable, and fewer cars in cities open new possibilities for urban development and improved quality of life.
By contrast, in a second trajectory automated driving strengthens mobility
based on individual cars; automated cars allow users to do things like
working, sleeping, relaxing, etc., instead of driving; the car becomes a
highly convenient ‘third place’ (Dobrindt 2016) between home and workplace; public transport usage declines, and investments in public transport
decline as well (a vicious cycle); people are willing to commute over
longer distances, leading to urban sprawl.

Scenario I: Shared Automated Vehicles
In this scenario, society in general and mobility, in particular, are inﬂuenced by
the deeply institutionalised paradigm of the sharing economy (cf. Truﬀer,
Schippl, and Fleischer 2017). Mobility is characterised by highly ﬂexible, driverless on-demand services. People living in urban areas usually do not own
private cars. Various players provide a huge variety of multimodal options
that enable ‘seamless mobility’ without personal cars. All motorised transport
runs on electricity from renewable sources. Automated cars are primarily
used as robo-taxis or small buses that supplement conventional public transport. Citizens show a high level of willingness to provide personal data for
high-quality services in all spheres of daily life, including the mobility sector.
Users decide only where to go, not how to get there. Sophisticated apps or
mobility platforms navigate them to their destinations. The system is highly
eﬃcient and aﬀordable, in part because a wide range of personal user data is
accessible to mobility providers. Self-driving vehicles are perceived as very
useful and safe. People want to live in livable cities that do not allocate too
much space for parking cars.
Scenario II: Cocooning in Private Cars
In this scenario, individualisation and cocooning are dominant societal trends
(cf. Truﬀer, Schippl, and Fleischer 2017). The ideal of a self-controlled way of
life coincides with the tendency to avoid the public sphere wherever possible.
Some reasons for this are security concerns triggered by terror attacks, riots,
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and contagious diseases. Secure privacy is highly valued, in the real and virtual
worlds. Brands carry signiﬁcant weight and cars serve as a means to express
one’s personal ‘way of life’. People want to have and use highly individualised
private cars. Public transport systems erode in a kind of vicious circle. The
quality of bus and tram services decreases, which in turn increases the usage
of private cars. Based on negative experiences, society regards privacy issues
and hacking as severe risks. There is a high level of distrust in big data. The
beneﬁts of driverless cars cannot outweigh security concerns. Therefore, for
the majority, level 4 automation is a good compromise between convenience
and security: the driver always has the ability to control the car. There is a
strong societal commitment to car-based mobility, which leads to cities
ﬂooded with cars and further urban sprawl. In consequence, public spaces
become less attractive. At the same time, however, alarming impacts of
climate change lead to a general acceptance of policies reducing greenhouse
gas emissions. Planning policies are car-friendly but they are pushing
towards small and ‘clean’ electric cars. Society tries to combine individualisation and cocooning with sustainability.
Potential Positive Impacts
Safety and Environmental Beneﬁts. Some of the connections between the
opportunities linked to AVs and certain capabilities are obvious. Among the
most important promises of AVs is a reduction in accidents, which clearly
relates to the CCs ‘life’ and ‘bodily health’. If one assumes that a small
number of accidents remains per vehicle kilometre travelled, safety gains are
found in both scenarios, but are clearly higher in the ﬁrst, where less vehicles
kilometres are driven because collective transport is predominant.
The same applies to a potential reduction in emissions of pollutants and
noise, which can especially be expected from the ﬁrst scenario. Fewer emissions
are an advantage for all humans but may be a particular beneﬁt for those who
live in less-privileged areas along roads with dense traﬃc.
In addition, the CC ‘ecological connectivity’ may be aﬀected when the
environment suﬀers less from the negative consequences of mobility. In scenario 1, the signiﬁcant reduction in the number of cars could help to bring more
natural or semi-natural habitats close to citizens, for example, if a parking lot is
converted into green space. Again, bringing more nature into cities could be of
particular value for those living in less privileged, high-density areas.

Improved Control, Flexibility and Freedom of Choice. This dimension in particular addresses some capabilities that point to aspects not usually emphasised
in assessing the impacts of digitalisation and automation in the mobility sector.
These aspects draw on the core idea of the CA, that the individual herself should
be able to decide what is important in her life. Working while travelling may not
only be perceived as an increase in convenience, it may also help to increase the
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number and the range of possible activities and, thus, the degree of freedom in
organising one’s life. This relates primarily to the CC ‘practical reason’ and
‘aﬃliation’. Mobility options that increase personal agency can improve the
ability to realise one’s conception of a good life. Improved access to mobility
can also increase the range of options for social engagement and social interactions; both points impact the CC ‘aﬃliation’. For example, it may become
easier to visit one’s mother living some hundred kilometres away. It can help
to build meaningful bonds with others, which is the essence of the CC ‘trust’.
The CC ‘emotion’ also comes into play, when more freedom for action supports
the ability to form attachments with things and people outside oneself. In principle, all this applies to both scenarios. The ﬁrst scenario may again be the one
that oﬀers more freedom of choice, since the ‘driver’ should be able to use the
entire journey for things other than driving. The complete relief from driving in
this ﬁrst scenario and the ability to do anything that can be done in a car, such
as working, sleeping, or private communication, also impacts, among other
things, the capability ‘senses, imagination, and thought’. This applies within
certain limits to the second scenario, e.g. for longer motorway trips.
However, it is important to keep in mind that the positive eﬀects outlined
will only be fully eﬀective if the mobility system is aﬀordable and usable for
all citizens.
Free Space and Participation in Urban Development. A signiﬁcant diﬀerence
between the two scenarios emerges when the reduction in the number of
cars in scenario 1 is considered. This opens up considerable free space for
urban development with positive eﬀects, especially in densely built-up, less-privileged areas. Conversion of parking space can be used to develop new areas for
recreation, sports, socialising, or for commercial development. Again, the capabilities mentioned above are positively aﬀected, mainly because the range of
available options for activities (shopping, recreation, etc.) can be expanded
on a local basis; the new forms of mobility sketched in scenario 1 may
render some motorised trips obsolete as new options emerge near one’s
home, which can easily be reached by foot or bicycle. If new potentials for
urban development are exploited in a participatory manner, the CC ‘control
over one’s environment’ is aﬀected as well. For example, in the conversion of
space that has been used for parking for several decades, citizens could bring
their ideas and expectations into planning processes.
Potential Negative Impacts
Environment and Health. When dealing with the potential positive impacts, it
was argued that aﬀordable and convenient mobility may allow for access to
more options and, thus, to an increase in agency. The ﬂipside of such a development could be an increase in vehicles kilometres travelled. If costs of transportation are low/marginal, an ‘all you can drive’ mentality may make people
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travel much more than today, with negative environmental impacts and, thus,
with negative impacts on ‘life’ and ‘bodily health’. Again, the negative impacts
will clearly be larger in the second scenario, in which more resources are needed
for the car-based mobility system (e.g., raw materials, emissions, space). This is
also relevant since the production of batteries still involves considerable consumption of resources, and in the second scenario clearly more batteries will
be needed than in the ﬁrst one.
Vulnerability and Risks of Lock-ins. Another aspect to be considered here is the
dependency on software. Especially in scenario 1, we see a mobility system that
is in wide parts organised by software. Vulnerabilities arising from this can
threaten several capabilities. This is obvious for ‘life’ and ‘bodily health’. As
real-world examples show, hacking of cars may lead to serious accidents
(Miller and Valasek 2015). For scenario 1 in particular, the seamless web of
mobility options may be impeded or even stalled by intentional manipulation.
Furthermore, with its extremely data-intensive system, it might be impossible
to return to a less data-intensive state, even if future generations should
prefer to do so, due to missing infrastructures and competencies (lock-in).
Since most people would not have a driving license, severe system failures
could leave walking and cycling as the only options for mobility. This dependency is not so strong in the second scenario. In this case, there is no reason
to assume that the number of driving licenses would be lower than today. It
is conceivable that a less data-intensive system would still work when problems
arise. There may even be a plan to revert to a sort of ‘analog state’ as a backup in
case of severe software problems or a blackout.
Privacy, Control, and Freedom of Choice. The ﬁrst scenario, which promises to
deliver a good performance in terms of eﬃciency, aﬀordability and environmental impacts, is highly dependent on users’ willingness to provide personal
data. People trust the overall organisation and are willing to give their personal
data as long as they get aﬀordable and convenient services. This creates opportunities for the misuse of data. Such misuse can have negative impacts on the
personal and systemic levels. If trust is destroyed by malfunction, data
misuse or cyber-attacks, a central pillar of the data-intensive system is endangered. On the individual level, one negative impact of scenario 1 is the near
impossibility of opting out of the data-intensive system without signiﬁcant disadvantages. Access to mobility is ‘bought’ with personal data. The freedom to
choose a higher level of privacy or greater control over one’s own data may
come at the expense of the freedom to move or it may be linked with higher
costs which may not be aﬀordable for all citizens In particular, the capabilities
‘trust’, ‘practical reason’ and ‘aﬃliation’ can be violated by such developments.
Further, in a system based on public transport, the public sphere is diﬃcult to
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avoid for those who may wish to do so. Additionally, some people may perceive
being navigated by ‘the system’ as a loss of autonomy.
Another negative aspect of scenario 1 may emerge if a kind of artiﬁcial intelligence both optimises and controls the mobility system. The system might then
evolve autonomously and non-transparently, leaving society unable to exert
democratic control. Furthermore, a mobility system dominated and controlled
by one strong private player (i.e., an ‘Amazon of mobility’) may hamper the
options for public participation and control if there are hardly any eﬀective possibilities for political inﬂuence.
Discussion
When comparing these examples of digitalisation in the energy sector, we can
state that it is possible to conduct a future-oriented assessment for both the
power and transportation sectors through the lens of the CA. Developments
in these two areas can lead to both positive and negative capability impacts.
There is of course some uncertainty when it comes to assessing whether and
to what extent these impacts will actually occur. It is unclear how the technologies will unfold in the future and there is some room for interpretation in
terms of the capabilities. However, our analysis illustrates that it is entirely
possible to point toward potentially critical developments in both areas. The
CA reveals some pressing challenges even in mobility scenarios, which lie
much further in the future than smart grids. This is an important point since
the design of infrastructures is a decades-long process. Decisions taken today
will aﬀect future generations. It is therefore essential to assess future impacts
even if certain knowledge on how these impacts will unfold is unavailable.
This is also one of the motivations for working with scenarios in general (Grunwald 2018), and in thinking about automated vehicles in particular.
The case of smart grids allows for more detailed analysis, partly because concrete examples are already running as pilot projects. In the smart grid case
studies selected for this paper, transparency of electricity ﬂows and control
over one’s own power consumption are of particular relevance for some capabilities. Speciﬁc aspects of the design of these systems can make a diﬀerence in
terms of the CA, as exempliﬁed by the traﬃc light system in the GF case study.
The analysis also points to entry barriers for lower-income households, which is
an important issue if the smart grid approaches are to be rolled out in an entire
region or country.
Transparency of personal mobility ﬂows is not so much an issue in the case
of AVs. The two AV scenarios clearly diﬀer from one another more than the
two smart grid cases do. The ﬁrst scenario is much closer to common understandings of a sustainable mobility future, particularly if conventional sustainability indicators are applied, such as emissions, number of cars, or a waste of
space. However, the CA highlights some serious risks, especially in the ﬁrst
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scenario and to a lesser extent in the second: democratic control, privacy issues,
and lock-ins or path dependencies. Since all these aspects are also relevant for
the SG case, we discuss them together in the following.
Control of the system is a highly relevant issue in both areas. In the SG case,
transparency and control over one’s own electricity ﬂows are important prerequisites for the participatory design of the energy system. Participation may be
impeded in both cases if the system is controlled and optimised by artiﬁcial
intelligence or if the overall system is driven by one dominant private player,
as in the ‘Amazon of mobility’. If all the system is controlled by a single
private actor, society has no real room to maneuver and participation can
become useless. This conception of user control as a prerequisite for and
aspect of participation also expands on the predominant notion of participation
in decision-making processes, for example, in deciding a location for a wind
park, which is the main focus of procedural justice in the energy justice literature (Boudet 2019; McCauley et al. 2013).
As can be expected when dealing with digitalisation, privacy is a relevant
issue in all cases, aﬀecting a number of capabilities such as ‘trust’, ‘control
over one’s environment’, or even ‘bodily health’ and ‘life’. Problems arise if
users are more or less forced to provide personal data in order to access a
certain infrastructural service. There is a tension between the provision of personal data on the individual level and, on the systemic level, the requirement to
optimise the system in terms of eﬃciency and sustainability. The CA is able to
illuminate this potential trade-oﬀ. It highlights the fact that the most sustainable solution in terms of environmental performance may come with signiﬁcant
drawbacks for some of the capabilities. As stated above, balancing considerations of sustainability with impacts on individuals is beyond the scope of
this paper, as such a comparison would require much more detail on the
speciﬁc technologies than is given in the broad scenarios we considered.
However, it can be noted that in our assessment the capability-perspective
brings commonly aggregated considerations of sustainability into relation
with impacts on individuals.
Further, it becomes obvious that the vulnerability of data-intensive systems
is a drawback, especially if options for opting out no longer exist. Such lock-ins
or path dependencies are an important point for the assessment of potential
future development trajectories. Insights from research in the social sciences
on innovations as well as transition studies highlight that path dependencies
may impede alternative courses of action – but they can also help to stabilise
sustainable pathways (Elzen et al. 2004). Such path dependencies, or lock-ins,
are widely discussed in the literature on energy and mobility transitions
(Geels et al. 2012; Truﬀer, Schippl, and Fleischer 2017). One key conclusion
is that early action is needed to ensure that complex sociotechnical dynamics
take the desired direction. A precondition for early action is raising awareness
of potential challenges (and beneﬁts). The CA can surely make a contribution
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here. In both the SG and the AV examples, some critical aspects related to lockins emerged. Particularly in the ﬁrst AV scenario, but also in both SG cases,
future generations may not have the capability to return to less data-intensive
systems even if they should wish to do so, perhaps for reasons that we cannot
anticipate from today’s perspective.
Outlook
In sum, our analysis has revealed that the CA provides a normative framework
suitable for assessing both existing cases (smart grids) as well as future scenarios
(automated driving). Applying the categories of the central capabilities, we
further found that some relevant aspects are emphasised and become palpable
that are not necessarily highlighted in current discussions of energy justice. As
such, the CA can help to inform and shape the scientiﬁc and public discourse
on energy ethics.
However, in order for the CA to become a useful normative metric, further
research on energy capabilities is needed, at a minimum, in the following areas.
One question concerns whether energy capabilities need to be further adapted
to the developments of digitalisation in large-scale infrastructures. Analyses
such as the one carried out in this paper could help to reduce the ‘interpretative
leeway’ and to apply the central capabilities more precisely. Additionally, Nussbaum’s CA posits that the central capabilities need to be fulﬁlled for all
members of a society in order for the society to be considered a just one. We
think that the energy capabilities may be best understood as a checklist pointing
to issues that are relevant in terms of energy justice. Here, capabilities need to
be made tangible and speciﬁc to the ﬁelds of power and mobility. This may be
best achieved in terms of thresholds (cf. the suggestions by Murphy und
Gardoni 2012 or Frigo and Hillerbrand (n.d.)). Though concrete thresholds
may be impossible to determine due to the complex nature of sociotechnical
dynamics in the system (i.e., uncertainties, unknowns) and because the actual
threshold also depends on technological developments, vague or even qualitative thresholds may be a useful way forward in moving towards a practical application of the normative metric depicted in this paper. Such speciﬁcations need
to be a matter of deliberation among the various stakeholder groups aﬀected by
these technologies. Furthermore, in order to be eﬀective as a systematic analysis
of (in)justices, the CA thus needs to explicitly take a whole-systems approach,
as is demanded by many energy justice researchers. This would allow us to
account for eﬀects along the entire value chain and the corresponding spatial
impacts, which can extend from local to international scales (Sovacool et al.
2019; Jenkins et al. 2020).
In addition, more in-depth knowledge about the impacts of digitalisation is
needed, particularly in the ﬁelds we highlighted in this paper. Field trials such as
those carried out in the smart grid case are an appropriate method. Here, the
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CA can highlight often overlooked areas and thus help to shape and guide the
empirical research. It is important, however, that research on the CA already be
given a central position in the design of such ﬁeld experiments or living labs,
and not remain simply a side issue, as rather marginal accompanying research.
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