
The digital revolution in the energy sector is promised to aid 
a transition towards a sustainable energy future (Muench et al. 
2014; Fleischer and Schippl 2018). In two sectors of the energy 
system – electricity and transportation – digital technologies al-
ready play an important role and increase the connection and in-
tegration of the two segments. For example, smart grids promise 
to ensure network stability despite the growing use of intermit-
tent wind and solar energy; smart or autonomous cars promise a 
reduction of emissions and immediate benefit of improved road 
safety. However, digitalization raises new security and privacy 
risks. In the energy sector, these may become particularly severe 
as the high dynamics of the digital era meets long-lasting electri-
cal or mobility infrastructures (Droste-Franke et al. 2015). This 
increases the danger of lock-in effects as changes in the energy 
sector are often seen as hardly reversible.

Any technology assessment (TA) of the digitalization of 
the energy sector needs to address questions such as to how to 
weigh the value of sustainability that aggregates over genera-
tions against individualistic impacts such as privacy (Rat für Na-
chhaltige Entwicklung 2018). Sustainability considerations may 
ask to integrate more intermittent renewable energies, such as 
wind or solar; smart grids may be the only way to deal with the 
intermittency, but the data-intensive system structures come at 
the price of significantly lower levels in privacy. Such conflicts 
raise particular challenges for TA’s orientation knowledge1, as 
it needs to square or at least compare the privacy concerns that 
arise on the level of individuals with the seemingly aggregated 

1   TA as other problem-oriented approaches, commonly distinguish three diffe
rent types of knowledge: system knowledge to better understand the cause-
effects relations in a system, orientation knowledge that provides both norma-
tive orientation and future oriented reflections (scenarios), and instrumental 
knowledge to identify feasible and effective policy options (interventions).

The digital revolution of the energy system promises a new sustaina-
ble energy future, but risks security and privacy. How to balance or at 
least compare these risks against other values like more sustainabil-
ity is far from obvious and poses severe challenges for the orientation 
knowledge of technology assessment (TA). This paper explores the Ca-
pability Approach (CA) as a normative orientation for TA that allows ad-
dressing these challenges. We use two scenarios for the current digital-
ization in the energy sector as case studies.
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man well-being, it also allows us to consider alternative courses 
of action. This gives reversibility or rather close(st)-to-reversi-
bility of human actions a value in itself.

There are many variants of the CA (see Leon 2017 for an 
overview and a more detailed account of the CA); we hold that 
Nussbaum’s version provides a normative foundation for TA’s 
information knowledge in a way that alleviates the tensions de-
picted in the first section (Hillerbrand and Goldammer 2018). 
Influenced by Aristotelian thinking, Nussbaum puts human dig-
nity at the center of her account of the CA and derives the fol-
lowing “central human capabilities” that are indispensable for a 
well-lived human life (Nussbaum 2006, pp. 76–78)2:

1.	 Life and bodily health: the ability to live one’s life to its “nat-
ural” end, which involves being able to achieve a state of 
good health, including adequate nourishment, reproductive 
health, and adequate shelter;

2.	 Bodily integrity: the ability to live free from oppression, e. g., 
to be able to move freely between places and enjoy sexual and 
other bodily pleasures;

3.	 Emotions: the ability to form attachments with things and 
people outside oneself;

4.	 Trust: the ability to build meaningful bonds with others;
5.	 Senses, imagination, and thought: the ability to use the 

senses, to imagine, think, and to reason, including the ability 
of scientific and artistic expression;

6.	 Practical reason: being able to form a conception of the 
good and to engage in critical reflection about the planning 
of one’s life;

7.	 Affiliation: being able to connect and care about oneself (i. e., 
a foundation of self-respect) and others (i. e., concern for oth-
ers, social engagement);

8.	 Other species: the ability to be concerned and feel connected 
to non-human species;

9.	 Play: the ability to engage in recreational activities;
‌10.	 Control over one’s environment: the ability of political en-

gagement and to claim property.

This version of the CA provides an individualist, but intersub-
jective value theory. It is important to note that the CA is atten-
tive to the inevitable diversity of human beings by taking into 
account that individuals differ in their capacities to make use of 
goods and resources. At the same time, the CA assumes that ca-
pabilities can be defined in an intersubjective way. These core 

2   For a critique of Nussbaum’s list see Barclay 2003; Sen 2004; Crocker 2008; 
Robeyns 2016.

value of sustainability that aggregates over generations. In this 
paper, we aim to explore how the Capability Approach (CA) can 
provide a normative framework for TA’s orientation knowledge, 
as the CA was suggested to provide an individualistic basis for 
sustainability considerations (Hillerbrand 2018).

To do so, firstly, we outline the foundations of the CA. Sec-
ondly, we demonstrate how the CA could be used in a normative 
assessment of technological change by analyzing two future sce-
narios for digitalization in the energy sector, smart grids and au-
tomated driving. We chose cases from the electricity and trans-
port sectors as these are the ones where ICT plays the biggest 
role within the energy system. Our analysis is intended as an il-
lustration how the CA puts the focus on aspects of technologies 
that are not addressed at all, or not centrally, either in a frame-
work based on stated preferences or based on common sustaina-
bility considerations. It thus provides not only a new individual-
istic and intersubjective basis for orientation knowledge, but also 
asks for a different focus in the debate on the energy transition.

A Capability-Framework for TA

The CA offers a normative framework for the assessment of in-
dividual human wellbeing and of social arrangements. The basic 
units for assessing quality of life are the individual’s ‘capabili-
ties’, which refer to what a person is able to do in her life. The 
freedom to choose and to actively realize what one has reason 
to value is seen as intrinsically valuable (Sen 1992). According 
to the CA, a well-lived human life is a life in which central de-
cisions are up to the person herself. Taking the CA as the basis 
for orientation knowledge of TA implies firstly that the individ-
ual is the central unit of evaluation. The CA thus provides an in-

dividualistic foundation for the concept of sustainability, which 
is commonly perceived as an aggregated concept (Hillerbrand 
2018). This enables to address conflicts between, for example, 
issues of privacy raised by introducing smart grids, and sustain-
ability considerations that stress the need to integrate more inter-
mittent renewable energies such as wind or solar. Secondly, the 
CA answers to a central challenge inherent to sustainability con-
siderations, i. e. the empirical inaccessibility of the preferences 
of future generations. It is intersubjective capabilities, i. e. what 
a person is able to do and be with her live, that provide the cen-
tral unit of normative evaluation, not the person’s preferences as 
in, for example, many participatory approaches to TA. participa-
tory approaches to TA. Thirdly, with its central focus on capabil-
ities the CA not only takes into account the impacts a certain ar-
rangement of energy sources may have on various aspects of hu-

The Capability Approach provides an individualistic foundation 
for sustainability – commonly perceived as an aggregated concept.
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et al. (2014) in which a high degree of digitalization builds on 
strong consumer engagement and coherent policy action.

The scenario assumes that in 2050, the United Kingdom’s 
electricity sector has undergone a transition towards a low car-
bon system. The combination of top-down policy interventions 
and a public willingness to engage with energy issues has led 
to achieving targets for renewable generation and emissions re-
duction. Electricity is generated from a wide range of renewable 
sources: both offshore and onshore wind, photovoltaic systems, 
biomass, tidal stream and wave power; gas-fired power plants 
are used at peak demand and are required to be equipped with 
carbon capture and storage technologies; nuclear power stations 
and a small amount of coal-fired power stations (fitted with car-
bon capture and storage) provide baseload generation. Among 
consumers, there is broad consensus that energy systems need to 
change to combat climate change and that this change is largely 
funded by energy bills. Smart meters have been installed and the 
benefits become clearer as consumers begin to understand how 
their energy use fluctuates throughout the day. A large share of 
the population has grown up with in-home displays and energy 
management systems that are controllable via phone and com-
puter applications. The functionalities of in-home displays have 
grown and there is now a market for devices that interact with 
household appliances. Electric vehicles and heat pumps are very 
common and tend to cluster (i. e. they are not evenly spread out 
across the country). Demand side measures including variable 
tariffs are widely accepted and facilitate the integration of inter-
mittent renewables, electric vehicles, and heat pumps by shifting 
demand over time and reducing demand.

The following paragraphs highlight how this scenario might 
impact several of Nussbaum's core capabilities:

Senses, imagination, and thought
The ability to think and reason is fundamentally affected by 
the scenario. Consumers are enabled to reflect on how their be-
havior impacts energy use, supported by intelligent meters and 
in-home displays that allow insights into fluctuations in daily 
and seasonal energy use and make energy demand transparent 
through smartphone and computer applications.

At the same time, reasoning about their energy use depends 
largely on technologies that are controlled by private compa-
nies. If the transparency of prices, energy use, or the compa-
nies’ use of consumers’ personal and energy consumption data 
is hampered in any way, the ability to reason is simultaneously 
lessened.

Trust
Digital systems facilitate communication about pricing between 
energy providers and consumers and offer consumers more 
transparent insight into their energy use and bills. This might 
have a positive impact on consumers’ trust in energy companies, 
particularly given that historically consumer trust in energy pro-
viders in the UK is very low and that this low trust is often at-
tributed to faulty and opaque billing (Milchram et al. 2018 b).

capabilities hence are not subject to trade-offs in democratic dis-
course; they are non-negotiable and of intrinsic value to humans 
qua humans as they are seen as necessary for developing indi-
vidual freedoms (e. g. Nussbaum 2006).

In the following section, we explore how the CA can be 
applied as a normative framework for TA. We do this by illus
trating how Nussbaum’s core capabilities can serve to evalu-
ate two specific technological developments related to the digi
talization in the energy sector. While TA‑studies commonly 
consider some core capabilities such as life or bodily integrity, 
others may be less obvious. For example, resettlement due to cli-
mate change or lignite production as well as fears of radiation 
hazards impact emotions. Control over one’s environment also 
includes being able to participate and shape essential infrastruc-
tures (see Hillerbrand and Goldammer 2018 for more details).

Evaluating technological 
developments with a capability- 
theoretic approach
For our illustrative assessment of digitalization in the energy 
sector using Nussbaum’s core capabilities, we chose two hypo-
thetical but plausible future scenarios for smart grids and auto-
mated driving. While there are a number of different scenarios 
or visions for the future of both technologies (IEA 2011, 2015; 
Balta-Ozkan et al. 2014; Fleischer and Schippl 2018), we focus 
on two scenarios that combine a high degree of digitalization 
with comparatively sustainable future mobility and electricity 
systems as in these scenarios the tensions between the aggre-
gated level of sustainability considerations and individualistic 
impacts are very pronounced. Hence, we are not concerned with 
the likelihood of these trajectories to become reality, but more 
with a demonstration of how Nussbaum’s core capabilities might 
be affected by them.

We firstly introduce smart grids and the chosen scenario. 
Then we highlight the scenario’s impact on selected core ca-
pabilities. We follow the same structure for automated driving. 
In selecting several core capabilities, we concentrated on those 
that we think highlight most clearly aspects that are not central 
to other assessment frameworks such as those based on stated 
preferences or aggregated sustainability indicators and at the 
same time illustrate trade-offs between the individual and the 
societal level.

Digitalizing electricity networks
Smart grids such as smart metering, home energy manage-
ment systems, or household batteries are seen as important en-
abling systems in the transition to low-carbon electricity sys-
tems (Muench et  al. 2014). While facilitating the integration 
of solar and wind energy, smart grids raise concerns regard-
ing, for example, consumer data privacy, security, and a loss of 
control to IT systems (Milchram et al. 2018 a). For our purpose, 
we chose the scenario “Smart 2050” developed by Balta-Ozkan 
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with a comparatively sustainable future mobility system. A sim-
ilar scenario was published in Truffer et al. (2017) and Schippl 
et al. (2018).

In the Scenario “Smart mobility 2050”, automated vehicles 
enable a highly flexible mobility-on-demand system for per-
sonal transport. In urban areas, and to a lesser extent also in 
rural areas, personal mobility is organized via platform/smart-
phones, based on different, but highly integrated options such 
as robo-taxis, autonomous buses, trams, autonomous cars or bi-
cycles. Autonomous vehicles are generally perceived as useful, 
safe and efficient. Accessibility still matters; people do not take 
fewer trips than before. The developments in the mobility sector 
co-evolved with an overarching societal paradigm of a sharing 

economy. Using instead of owning is generally perceived as effi-
cient and in a way fashionable. In the scenario, we have very low 
shares in private car-ownership. The vast majority of people in 
urban areas do not have a driver’s license. In the self-driving cars 
and robo-taxis, it is not the users who decide about which route 
to take; the entire navigation is done by the platforms. Users tell 
the platform where they want to go and follow the instructions. 
This is a highly data-intensive system that comes along with a 
high willingness of the users to provide personal data for a good 
service. It is a low carbon system; motorized mobility services 
are based on electricity that comes mostly from renewable ener-
gies. In urban areas, public money is still used to subsidize pub-
lic transport and to keep it competitive. In growing urban areas 
there is a strong societal and political interest in using space 
that was occupied by traffic to develop green and livable cit-
ies. Cities are highly appreciated as places to live and most cit-
izens are very interested in joining opportunities for participa-
tive city development.

The scenario description already indicates how different core 
capabilities may be affected. While in parts this does not come 
as a surprise (cleaner transport leads to cleaner air and supports 
a healthier life, for example), some additional insights become 
visible and invite a more in-depth analysis. The following core 
capabilities are particularly illustrative:

Life and bodily health
Today’s mobility solutions produce not just climate gases but 
also other pollutants such as NOx or noise, all of which pose a 
threat to human health and reduce life expectancy in European 
cities. It is quite obvious that the smart mobility system out-
lined in this scenario reduces these negative impacts of mobil-
ity on life, bodily health and bodily integrity. However, the very 
idea of the CA, to maximize the freedom to choose between 
different options, makes us aware of another issue, namely that 

High consumer trust, however, implies higher vulnerabilities 
to the misuse of digital systems. If consumer trust is exploited 
and consumers react by using fewer smart grid technologies and 
refusing to participate in demand response activities, the stabil-
ity of the entire electricity network is endangered.

Control over one’s environment
The transparent insight into real-time energy use for consumers 
not only increases consumers’ ability to think and reason about 
their trust towards energy companies but also allows consumers 
greater control over their energy use. For example, in-home dis-
plays showing real-time energy prices enable consumers to use 
certain household appliances at times when electricity prices are 

low. Consumers are enabled to use appliances when there is an 
abundance of renewable energy, and are thereby equipped with 
greater control over their carbon footprint.

The individualistic perspective of the CA also draws atten-
tion to the question who the individuals are that benefit. In this 
scenario, relatively expensive technologies like electric vehi-
cles and heat pumps cluster geographically, most likely in ar-
eas that are more affluent. Thus, the benefits of increased au-
tonomy and control might only be available to affluent consum-
ers. This may also impact how the electricity grid is financed: it 
is publicly owned, paid for through network tariffs that are part 
of each electricity bill. If affluent consumer groups can reduce 
their dependency on – and thus their payments for – the main 
electricity grid, the financial burden for this public infrastruc-
ture is shifted to those consumers who are unable to afford their 
own electricity generation.

Digitalization, automation and the future  
of mobility
Automated driving has become one of the most debated top-
ics in the transport sector within only a few years (Fleischer 
and Schippl 2018). Many optimistic expectations are linked in 
particular to self-driving cars (Skinner and Bidwell 2016; BCG 
2015). These expectations include a reduction in the number of 
accidents, better traffic flow, more efficient usage of infrastruc-
tures, more energy efficient driving, new options for use of travel 
time, better mobility for disabled persons, and also competitive 
advantages for the automotive sector. On the other hand, there 
are concerns related to a common unease many people have in 
interacting with “robots”, concerns related to safety and secu-
rity, data protection and hacking, as well as an overall increase 
in car traffic because car usage might become more attractive 
(Givoni et al. 2018). For the purposes of this article, we will fo-
cus on a scenario that combines a high degree of digitalization 

The very idea of the Capability Approach is to maximize 
the freedom to choose between different options.
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of the CA of enabling the freedom to choose: the fundamen-
tal tension inherent in a data-intensive system that enables a 
high degree of flexibility and affordability in mobility and ac-
cess to renewable energies for nearly everyone. On the one hand, 
such systems increases the possibility for individuals to choose 
from a broad range of mobility options and energy services, for 
example to make a variety of social contacts, to be given a high 
degree of freedom in creating personal social networks, or to 
benefit from lower energy prices when participating in demand 
response services. On the other hand, it is impossible for indi-
viduals to opt out of the data-intensive system without a mas-
sive reduction in options for mobility or without incurring the 
risk of paying more for one’s electricity consumption. Similar 
lock-ins appear at the system level in both sectors. For society 
as a whole, the way back to a less data-intensive, rather discon-
nected system structure is only possible at high cost; it requires 
significant changes to mobility practices for individuals and to 
the way energy is produced, transmitted and consumed. It is 
then up to the democratic discourse to choose the balance be-
tween automation, privacy/security and performance. The CA is 
able to establish the basis for such decisions by illustrating the 
trade-offs and integrating both the individual and the societal  
level.

Our analysis further reveals that the CA does not offer a “lin-
ear metric” to assess developments in these fields. However, this 
is not to be expected in such complex and ambiguous contexts. 
The CA helps to frame useful categories for analysis and high-
lights issues that are highly relevant for the daily life of citizens – 
and thus (co-)determine acceptability – but are usually under-
represented in sustainability assessment. Particularly the CA’s 
focus on issues relevant for the individual offers an enriching 
perspective compared to sustainability assessment that operates 
mostly with aggregated indicators.

The work presented in this paper is a first attempt to illus-
trate the suitability of the CA to evaluate future technological 
developments and thus amend existing TAs. In the course of 
this, Nussbaum’s capabilities needed to be interpreted in a way 
that they become context-sensitive to the digitalization of infra-
structures. These interpretations are indicative and were not de-
veloped with a participatory approach. However, in Nussbaum’s 
CA democratic considerations are needed to firstly specify the 
core capabilities of the relevant context; and secondly to opera-
tionalize the capabilities. Further research should also consider 
if and how citizen participation is useful in the context-specific 
interpretation of capabilities, if the CA is to comply with the 
democratic principles of TA. Further open questions when us-
ing the CA as normative orientation for TA concern their oper-
ationalization and aggregation as well as when and in which as-
sessment processes the CA is to be used. The results presented 
in this paper illustrate that it is well worth undertaking such re-
search, particularly as the future will confront us and those car-
rying out TA studies with even more intensive processes of digi
talization in all fields of daily life that challenge the democratic 
embedding of TA and its normative ladenness.

the smart mobility scenario may well lead to a lock-in situation. 
The ability to drive a car may be lost when driver’s licenses are 
no longer needed and those who still have licenses do not use 
them. Moreover, the competencies required to organize a trans-
portation system with thousands of individual car drivers may 
be lost as well. This may limit the range of future options, since 
such a trajectory seems hardly reversible, even when the sys-
tem does no longer correspond with the preferences of future 
generations.

Practical reason
This category highlights the fact that mobility is a central el-
ement of daily life and key to the planning of one’s own life. 
Therefore, crucial developments in the transport sector should 
be open to participation and public scrutiny. A certain degree of 
transparency in how the system works and performs is needed 
to allow for public participation and democratic control. The 
way the smart mobility system is governed is crucial to this as-
pect. A platform that integrates everything but is dominated by 
a single large player (“the Amazon of mobility”) may efficiently 
provide seamless mobility services but prevent the necessary 
transparency and reduce citizens’ influence on the further de-
velopment of the system. It is imaginable that only sharehold-
ers would have a significant influence on the structure and per-
formance of such a system. By contrast, a system based on vari-
ous actors but with a public or publicly controlled institution in 
the driver’s seat may strengthen the chances for citizens to re-
flect on and react to the performance of the system and to en-
sure a mobility system that gives them a broad scope of freedom 
for planning their lives..

Control over one’s environment
Control over one’s environment can be extended to a more gen-
eral perspective on quality of life in urban areas that considers 
the performance of the transport system in relation to other as-
pects of urban design, which can be important for realizing ideas 
of a livable city. Taken from this perspective, cars in particu-
lar, but perhaps also other mobility infrastructures, may be per-
ceived as a burden that reduces autonomy as regards urban devel-
opment, since they consume space that could otherwise be used 
for other functions such as recreation or opportunities for social-
izing. However, ideas of what defines a “livable city” may dif-
fer between generations, and it could be argued that a well-bal-
anced co-existence of multiple functions should allow for vari-
ous activities or interests to unfold over time.

Concluding discussion

Applying the categories of the core capabilities to scenarios on 
smart mobility and smart grids we found that some relevant as-
pects are emphasized and become palpable that do not yet ap-
pear in the spotlight of TA analysis. One key issue is relevant 
for several core capabilities and related to the foundational idea 
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