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Abstract

Background Smart technologies, such as smart grids, are emerging as indispensable aspects of an energy transfor-
mation and come with hopes of more sustainable resource use. A substantial amount of research has examined the
technical, economic, and environmental implications of these technologies, but less attention has been paid to their
social aspects. For the smart grid projects to be realised, studies that include the actors who are supposed to imple-

ment the visions are needed.

Results A semi-structured literature review was conducted to investigate the state of social science literature on
smart grids and identify the main research avenues and research gaps by addressing a broad research question: “What
kind of knowledge is produced in social science studies on smart grids?”We retrieved peer-reviewed articles from

the Scopus and Web of Science (WoS) databases up until 2022 and mapped them in terms of features such as topic,

design, method, and theory.

Conclusions We found that knowledge development in social science studies on smart grids followed a pattern
where most research focused on visions; professionals and users; and smart technologies in homes with a geographi-
cal focus on Europe or the USA. We identified six research gaps related to an overly vague definition of the smart grid
and the need to include more diverse actors and geographical places to advance our understanding of the smart
grid. There is also a lack of studies relating to energy democracy, the resistance of smart grids and the centralised-
decentralised nexus of the smart grid. These less studied areas can bring in new knowledge that enhances a deploy-
ment of a smart grids supporting not only technological development, but also society and users.

Keywords Smart grids, Social science, Semi-structured literature review

Background

The European Union’s (EU’s) Green Deal states that by
2030 greenhouse gas (GHG) emissions should be reduced
by at least 50%, and by 2050 there should be no net GHG
emissions [1]. The energy sector is central to this trans-
formation, and relevant measures will include increases
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in the electrification of infrastructure, such as transpor-
tation, renewable electricity generation, and penetration
of information technology (IT), which allows for more
flexible and less hierarchical infrastructure management
[2—-6]. This development will require the gradual evolu-
tion of distribution networks from passive to active and
the development of so-called smart grids [7]. Smart and
innovative technologies will be important facilitators of
this transition.

Earlier smart grid research has commonly used the
European Commission’s definition of the smart grid as
“an electricity network that can intelligently integrate
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the actions of all users connected to it ... in order to effi-
ciently deliver sustainable, economic and secure elec-
tricity supplies” [8]. Many smart grid definitions are
characterised by the notions of two-way information
flows and automation. Raimi and Carrico [9], for exam-
ple, described smart grid technology as follows: “Smart
grids are modernized electrical grids that use information
and communications technology to gather and act on
information, such as information about the behaviours of
electricity providers and consumers” (p. 73). Many stud-
ies do not explicitly define the smart grid, but imply that
it is a distributed energy system that enables grid-serving
flexibility (e.g. [10-12]). Most definitions emphasise the
technical aspects of connecting Information and Com-
munications Technology (ICT) with the energy system,
particularly the opportunities afforded by two-way infor-
mation flow and automation. Earlier research has dealt
with private costs in relation to smart grids, rather than
the social costs, even if recent research has started to look
into also social costs as a barrier for smart grids deploy-
ment [13]. Most definitions do not incorporate social
aspects into technical descriptions or even include any
people in them [14], even though a smart grid obviously
has many social implications. Reinders et al. [15] state,
for example, that social factors such as social accept-
ance are often considered uncertainties and therefore
assessed on their own and seen as something separated
from the smart grid technology. The smart grid discourse
has traditionally overemphasised technology while over-
looking social considerations and their incorporation
into technocratic visions [16]. Lovell [17] observed that
smart grids throughout history have had a problem when
it comes to implementation, and their potential has even
now not been fully realised. One reason for this lack of
realisation is the decoupling between the social and the
technical, where those who are supposed to implement
these visions are not included in either the definition or
the imagined futures.

State of the art of social implications

Although previously neglected, that the smart grid has
many social implications is recognised by a growing
body of literature [18], most of which emphasises its
sociotechnical character [19]. Wolsink [20], for example,
drew attention to the sociotechnical when defining the
smart grid as “a sociotechnical network characterized by
the active management of both information and energy
flows, in order to control practices of distributed genera-
tion, storage, consumption and flexible demand” (p. 824).
This definition recognises that a smart grid is constituted
by a sociotechnical network, and this article will align to
this definition. However, this rather new sociotechnical
discourse brings in new questions and issues concerning
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the development of smart grids. For example, Verbong
et al. [21] raised several critical questions, such as the fol-
lowing: “Despite these promises, it is unclear what ‘smart
grids’ exactly constitute, how they should be imple-
mented, and what their effect will be on the reliability
and costs of the electricity system” [21]. Similarly, Skjels-
vold [22] questioned how all the high ambitions for smart
grid implementation will be achieved if attention remains
chiefly on technical efforts. Kojonsaari and Palm [23]
criticised the technocratic dominance of the decision-
making process concerning the smart grid, emphasising
the need to consider diverse perspectives and interests
when developing any future smart grid. Skjelsvold and
Lindkvist [24] suggested that “perhaps it is now time to
seriously re-think whether the problem at hand is really
a technological challenge in need of a social component”
(p. 49). Expanding social science research on the smart
grid, however, raises new questions and concerns, apply-
ing new perspectives to the field. This has spurred our
interest in exploring this research in depth to see what
issues have been addressed and what new knowledge and
questions have been contributed. How has the social sci-
ence perspective advanced our knowledge of the smart
grid?

This article reviews the academic social science litera-
ture on smart grids to determine what kind of knowl-
edge has been produced. The main research questions
are the following: What issues have been in focus? Can
any trends be discerned in this research? What has been
overlooked, and which research gaps can be identified?

The article is organised as follows. Sect. "Methods"
presents the methodological design and data collection
methods. In Sect. "Results", we synthesise the data and
analyse the trends and themes (e.g. geographical scope
and theoretical aspects) identified in the dataset. Lastly,
Sect. "Discussion” presents the conclusions, proposes
avenues for future research and discusses the limitations
of this study.

Methods

This article reviews the social science literature on smart
grids, meaning that we are interested in earlier research
on smart grids in relation to social processes, organisa-
tions and institutions. We wanted to discover how smart
grids have been studied from a social science standpoint
and what topics have been addressed, considering when,
where, and in what ways this matters for the develop-
ment of the field. We chose to focus on research on social
aspects, hence no hypothesis was proposed; rather, the
study method was designed to be exploratory and quali-
tative, as that best served our aims.



Kojonsaari and Palm Energy, Sustainability and Society (2023) 13:1

Broadly, literature reviews collect and synthesise exist-
ing research in a more or less systematic way [25]. A
semi-structured review often looks at how research in a
selected field has progressed over time [26]; this method-
ology was the best for our purposes, as we sought to tease
out the overarching storylines in the data. Following Bry-
man’s [27] method of incorporating some elements of a
systematic review into a narrative review, a rather broad
guiding research question was formulated: “What kind of
knowledge is produced in social science studies of smart
grids?” This question narrowed the scope enough but not
too much as it allowed us to omit studies that were only
technically oriented, while including studies addressing
the technology—social science nexus. The review concen-
trated on knowledge development in research, combining
the study of smart grids with analyses of social structures
and relationships. This includes studies of interactions
between the smart grid and households, such as how
smart grids are envisioned, and material participation.

This review will outline trends in earlier research,
while also identifying the research gaps and reflecting
on them. A semi-structured method was found to be the
most appropriate approach for addressing the research
problem.

Selection and exclusion of articles and quality criteria

We chose to limit the study to academic articles pub-
lished in peer-reviewed journals. The articles were
retrieved in May 2022 from two databases: Scopus and
WoS. The search tools in the two databases are slightly
different, thus we describe here our search process in
detail. Scopus is a citation database from Elsevier for
peer-reviewed literature, whereas WoS is a paid-accessed
platform owned by Clarivate. Both have broad cover-
age [28] but cover slightly different publications, which
rationalises including them both. There were, however,
many overlaps as can be seen in Fig. 1 below. The search
term used was “smart grid’, in line with the overall pur-
pose of the review. In Scopus, we searched for the term
“smart grid” within “Article title, Abstract, Keywords” In
hindsight, we should have chosen to search only within
the abstract, since the search we used led to some of the
results mentioning “smart grid” only as a keyword even
when the article did not focus on smart grids. In addition,
we limited the search to articles and reviews, including
only social science and excluding all non-English-lan-
guage material, leaving us with 859 results. The search
tools in WoS allowed us to be more precise. In WoS, we
also used the search term “smart grid” and limited the
search to English-language articles or reviews. We chose
the following categories: architecture, history, philosophy
of science, public administration, sociology, communi-
cation, social issues, social sciences, interdisciplinary,
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Records identified through
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science included
(n=193)

Full text articles analyzed
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Y

Studies included in
qualitative synthesis
(n=111)

Fig. 1 The literature review workflow used to identify the 111 papers
included in the review

urban studies, regional urban planning, environmental
studies, international relations, geography, and multidis-
ciplinary sciences. This was done to narrow the results to
those within the scope of our study. We did not use a lim-
iting time span, but included all years in the database and
were left with 493 results.

In total, searching Scopus and WoS resulted in 1352
hits. After merging the results from the two databases
and removing duplicates, 1140 hits remained. Three arti-
cles were excluded in this phase because they were pay-
walled, and this left 1137 records, which we subsequently
screened. The workflow process is visualised in Fig. 1.

Initial screening was performed by reading the
abstracts and sometimes the introductions of the arti-
cles, together with a quick scanning of the full article. If
the records were solely technical or made no mention
of social sciences, they were excluded. This screening
resulted in a total of 304 relevant articles, which were
further examined with respect to smart grids and social
science. After reading and analysing the full-text versions
of these articles, those that focused solely on technical
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issues and did not have a social science perspective were
excluded. We were left with 111 articles.

We individually evaluated and subsequently excluded
studies that were purely technical or techno-econom-
ically oriented and did not address any social aspects,
such as those focusing on specific technologies (e.g. Zig-
Bee), financial or environmental feasibility (without men-
tioning social aspects), business models (based on the
technology, i.e. system performance, without mention-
ing social aspects), software-defined networking (SDN),
buildings, encryption, optimisation, routing, technical
and economic synergies, technical simulations, economic
cost—benefit analysis, load control or other technical
engineering subjects, algorithms, technology roadmap-
ping, investment planning strategies, fuzzy logic, IT (e.g.
performance analysis), system management, network
problems, numerical simulations, law, modelling, and
technical scenarios.

We are aware that the inductive nature of this review
has its limitations. The task of finding the exclusion/
inclusion balance involved considerable iteration when
reading the papers and applying the exclusion criteria.
While the semi-systematic nature of this review allowed
us to go through all the papers, it became clear that the
identified field overlaps with many others and that our
scope would encompass studies from these fields as well.
We therefore needed to find a common denominator for
all the studies and chose “social aspects’, i.e. studies that
focus on the social aspects of the smart grid. As a result,
teaching/education articles were excluded because they
mainly dealt with engineering education, which was not
within the scope of our review. We also excluded sce-
narios mainly discussing technological pathways for the
future and not analysing social aspects per se.

Semi-structured analysis

The 111 selected articles were classified based on their
themes. The study was exploratory in character, and
the inductive analysis involved data-driven categories.
It is recommended that literature reviews be organised
in relation to, for example, concepts, themes, theories,
or disciplines [29], and this was done in the analysis.
According to Hammersley [30], even the simplest rule-
following entails an element of interpretation, and we
kept this in mind when exploring the material and
searching for themes. The coding enabled us to see the
data in a different light, giving us “tools to think with”
[31] (p. 32). When rearranging the data, we also teased
out certain narratives. Sovacool et al. [29] noted that a
narrative review provides an exploratory evaluation of
the literature or a subset of the literature in a particular
area. We started to categorise the data according to dif-
ferent themes and geographical categories and tease out
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different themes or storylines. Our own observations
were also included in one specific coding section.

Next, the results from the analysis will be presented
and structured in relation to the themes found.

Results

In this section, we synthesise the records and present our
results in relation to the overall trends and themes identi-
fied in the analysis (see also Additional file 1 for a clas-
sification and summary of key variables in the reviewed
literature). Below, we first discuss the challenges the
reviewed research faces in studying a smart grid that has
not yet materialised, and then reflect on the geographical
scope of the research. This is followed by a discussion of
the reviewed studies’ theoretical foci.

Studying an emerging but non-existent smart grid

The earliest study in our dataset is from 2012, and the
field has since then continued to develop. The peek year
for relevant publications was 2015. Four papers were
published in 2013, eight in 2014, and 19 in 2015, after
which there was a dip in the number of published articles
(see Fig. 2).

The early years of social science research on smart grids
were characterised by uncertainty regarding exactly how
the pathway to a low-carbon electricity economy would
unfold, where the variations between how different disci-
plines imagined smart grids were discussed: “Engineers,
sociologists, and economists all emphasize different
aspects of the emerging smart grid and its users” [32] (p.
283). One reason for this was that few smart grids had
been established, opening up many potential develop-
ment paths. The lack of existing smart grids available to
study was also discussed as a barrier to research in the
field:

Researching the societal implications of smart grids
faces similar problems to that of other new tech-
nologies (e.g. biotechnologies, nanotechnologies) in
gaining insight into sociotechnical systems that do
not yet exist. The uncertainty of future technologies
necessitates defining them for research participants.
In doing so the context and framing used can have a
large influence on responses. [33] (p. 22)

A result of this lack of actual smart grids is that sev-
eral studies instead concentrated on visions and imagi-
naries of the future manifestations (e.g. [34—36]). In
these studies, documents were examined or differ-
ent professional stakeholders, most commonly those
with a background in engineering or economics, were
asked how they envisioned the future grid. When ana-
lysing the visions, the researcher then identified some
possible pathways but also considered what actors and
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Fig. 2 Number of relevant articles published since 2012

issues were included in and excluded from the visions.
The idea was that the visions have the power to become
political goals and legitimate technological choices,
making them relevant from a political perspective [11,
35, 37].

An absent or vague definition has, of course, the impli-
cation stated above, namely that it is difficult to explore
actors’ perceptions of the smart grid because researchers
must first define the phenomenon for the interviewees;
however, by proposing a definition, the researchers risk
influencing how the smart grid is imagined. A vague defi-
nition can engender confusion, resulting in one overlook-
ing of differences between conceptions of smart grids,
differences that may be important for understanding how
smart grids will emerge. On the other hand, a vague defi-
nition is not necessarily problematic, because there is no
common understanding of what a smart grid is. When
reading the papers, we noted that, although many lacked
a definition, this was seldom a problem. To follow the
analysis, it was often sufficient for the article to describe
the smart grid in vague terms, but this lack of definition
might become more of a problem when the smart grid
starts to emerge and more detailed comparisons and
analyses become possible and productive. A possible
limitation of the current study is thus that, as smart grids
continue to mature, research might begin using more
specific terms and focus on specific aspects of it, such as
flexibility. Nevertheless, all things considered, the study

2017 2018 2019 2020 2021

2022 (untill May)

at hand aims at analysing the specific studies that focus
on smart grids.

When the scene is not definitively set, this allows for
greater possibility concerning what can be discussed and
how. By the end of the studied period, a smart grid was
often treated as synonymous with a distributed energy
system. However, early in the review period, there were
more studies that had not yet chosen this path, such as
an early study on the ‘SuperSmartGrid’ [37]. In this study,
the authors argued for the development of a SuperS-
martGrid that could apply the advantages found in the
SuperGrid, i.e. the transmission infrastructure, and the
SmartGrid, i.e. a distributed system with local control
and independence, which permits local accountability
for demand. Nevertheless, the study identified signifi-
cant technological and socioeconomic conflicts of inter-
est between the SuperGrid and SmartGrid, thus policy
makers and Transmission System Operators (TSOs)
must act strategically, and strong policy intervention
will be needed to allow both the SuperGrid and Smart-
Grid to evolve. Most reviewed studies have focused solely
on the smart grid as a distributed system, ignoring the
centralised system or simply advocating a distributed
smart grid. Blarke and Jenkins [37] noted that the Super-
Grid and SmartGrid require different and conflicting
technological, institutional, economic, and social path-
ways for system design. An optional future scenario is
that they would converge, making combined studies of
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decentralised and centralised system development cru-
cial to avoiding a lock-in effect in smart grid research.

The domination of case studies from Europe and the USA

Moving on to a review of the geographical focus of the
studies (see Fig. 3), we notice that from 2012 there is
only one study from Asia, by Mah et al. [38], a widely
cited case study from Hong Kong using telephone sur-
veys to study consumer perceptions of a specific smart
grid development. A focus on Asia is not that common
in the corpus, with European case studies dominating
the spotlight, followed by US ones. European studies do
not always focus on a specific country, but when they do,
countries located in northern Europe are dominant. Most
empirical studies were conducted in the UK (15), Ger-
many (11), and the Netherlands (11). Moreover, in recent
years, the number of articles conducted in Denmark (11)
has increased. Some of the other Nordic countries, such
as Norway and/or Sweden, are addressed in 10 of the
articles. The high number of studies focusing on specific
countries might be an indication of a cultural tradition
where it has been established to analyse sociotechni-
cal aspects. The reasons why some countries are under-
represented and absent in our dataset can furthermore
be related to what focus points have been established
within higher education, and what kind of research has
been prioritised by funding bodies. It is also possible that
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in some countries the sociotechnical characterisation of a
technology has not been raised as an issue of political or
public interest, i.e. the smart grid has been considered a
purely technological project, rather than a sociotechnical
one that influences almost every aspect of a society.
Studies from the UK often treat smart metering and
demand-response practices, with a preference for early
adopters [33, 39-44]. The starting point for these stud-
ies is how the technology influences energy use and can
contribute to, for example, a more flexible consumption
pattern. This starting point likely also influenced the the-
oretical perspective chosen for the analysis, a matter to
which we will return below. The papers from the Nether-
lands are dominated by household studies, often in com-
bination with a social practice theory perspective (e.g.
[21, 45]). More recent studies have also considered more
cooperative forms of household engagement and energy
communities [45, 46]. For instance, the studies from Ger-
many often concern the Energiewende and the attendant
energy landscape. The Energiewende supports decentral-
ised renewable energy, combined heat and power, and
energy efficiency [47]—all key aspects of the smart grid—
with a smart network being seen as a tool or facilitator
of the transition or ‘Energiewende’ In German research,
smart meters and how they can be used to accommodate
more variable production have been a central issue. As
part of the Energiewende, the federal parliament passed

Number of articles and geographical focus

20
18
16
14
12

10

11 IIIII

2012 2013 2014 2015 2016

N

M Asia ™ Africa North America

Fig. 3 The geographical focus of the relevant studies by continent

2017 2018 2019 2020 2021

2022 (untill May)

SouthAmerica ™ Europe ™ Australia/Oceania ®N/A M Total
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the Act on the Digitalisation of the Energy Transition
in 2016, calling for development of a smart meter infra-
structure, called the Smart Meter Gateway, contributing
to the focus on smart meters in the studies. The studies
from the Nordic countries have emphasised the envi-
sioned smart grid and material participation in it. When
material participation is considered, the researchers
apply an ‘object-oriented’ or ‘device-centred’ perspective
[48] where attention is paid to the role of technologies
and material objects in everyday interactions with the
energy system.

In sum, the studies from the dominant countries in
the field have empirically focused on smart meters and
demand-response practices; households and (more
recently) cooperative forms of household engagement;
smart grids as part of the energy transition (Ener-
giewende); the imagined or envisioned smart grid; and
material participation.

The single-case study was the most popular method,
although several articles presented multiple case stud-
ies. Studies of smart grid geographies [49] analysing the
meanings of different contexts are under-represented and
would be a welcome addition to the literature. Overall,
the smart grid geography field is centred on Europe. Mah
[50] addressed this problem in a study comparing China
and Japan: “This study adds to a limited body of empiri-
cal work exploring energy transitions in a non-western
context ... by focusing on government-market dynam-
ics” (p. 163). Nevertheless, there are some other stud-
ies outside Europe and the USA, such as Joo and Kim’s
[51] study, in which residents in South Korea were inter-
viewed about the smart grid; Bertheau et al’s [52] case
study on the Philippines, which looked at the challenges
associated with implementing renewable energy; and a
few studies from Africa (e.g. [53]) and Latin America (e.g.
[54]). More social science case studies outside Europe
would, however, broaden our understanding of the smart
grid and give more diverse insights into how smart grid
solutions could be designed and used [55]. For instance,
Khalid et al. [56] compared Denmark and Pakistan, con-
cluding that it was beneficial to compare these “socio-
culturally contrasting contexts” because it helped expose
established cultural and material structures and embed-
ded practices and ideas. The case studies from outside
Europe and the USA could also potentially bring new
aspects to smart grid research. The authors concluded
that their results had implications for international donor
policy, which often supports off-grid solutions and could
thus be questioned, as it might help delay more effec-
tive community solutions. This critique of international
donor policy was a new issue addressed by this study, yet
the domination of some geographical areas in the litera-
ture risks narrowing our understanding of how a smart
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grid can be designed (e.g. only as a distributed system)
and emphasises certain features of the smart grid (e.g.
early adopters’ use of smart home appliances), while
other relevant features (e.g. international support pro-
grammes) are overlooked or neglected. On the other
hand, social science research on smart grids is an emerg-
ing field in which some research communities, such as
the science and technology studies (STS) community, are
frontrunners, and these communities have given the field
a certain focus and played the important role of opening
smart grid research to new questions and perspectives.

The domination of early adopters and professionals
The actor perspective has been evident since the first
social science articles on smart grids and been an impor-
tant counterweight to all technically focused research.
There is, however, a quite narrow set-up of actors who
have been in focus, where technical and economic pro-
fessionals, together with the domestic users, have domi-
nated. “The social” was often represented by including
the users. For example, Verbong et al. [21] stated, “In
this article, our goal is to shed light upon practices and
perceptions of stakeholders on including users [i.e. “the
social”] in the transition process towards smart grids”
[21] (p. 124). Furthermore, in 2013, Gangale et al. [57]
highlighted users by using a questionnaire to explore
consumers’ behaviour and new role as active participants
in smart grid projects in Europe. They found an increas-
ing emphasis on consumer engagement and that trust
and confidence were central to energy providers’ success-
ful strategies to promote it. A common early observation
was that the only aspects of a smart grid that can truly
be smart are the people within it, and many highlight the
challenges and obstacles facing users of complex smart
systems; nevertheless, many also champion finding new
innovative solutions to interact with the grid [e.g. 21, 58].
The material participation of users has also been exam-
ined in many studies, as mentioned above. The study
objects are often smart home devices, such as smart
meters, a mobile phone app, a rooftop PV installation, or
an electric vehicle. Material participation through renew-
able technologies in the home is a recurrent topic, with
the empowered and engaged citizen in the foreground.
Ryghaug et al. [48] found that such physical and embod-
ied experiences open up new ways for users to engage
with and take responsibility for the future energy tran-
sition. Experiences with rooftop PVs or electric vehicles
in the driveway represent new ways to engage with the
grid, scripting certain behaviours and leading to proac-
tive shifts in household electricity consumption [12, 59].
There is also criticism of smart grid proponents. We
lack long-term studies of user interaction with the tech-
nology beyond a testbed or intervention period. Biischer
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and Sumpf [60], for example, found that it cannot be
assumed, as proponents do, that the customers/public
will simply shift their behaviour once they receive smart
appliances, technologies, meters, etc.

Chadwick et al. [61], in their article dealing with house-
hold adoption and rejection, also highlighted mainstream
energy consumers’ lack of understanding in their critical
review of the literature on household energy traditions.
Furthermore, Calver et al. [62] interviewed households in
Manchester, United Kingdom, and studied energy justice,
while Milchram et al. [63] looked into energy justice.

Theoretical perspectives

Almost all studied articles applied a sociotechnical per-
spective, an overall aim of which has been to study the
processes of social and technical change. The smart grid
constitutes a typical sociotechnical system in which tech-
nology is so closely intertwined with its surroundings
that differentiating the two is not meaningful [64, 65],
which is why it seems reasonable that STS researchers
have been among the first to explore smart grids. The
sociotechnical system approach is the analytical lens
through which the development of smart grids in society
is understood. In the introduction to a special issue treat-
ing social science and smart grids, Skjelsvold et al. [22]
identified two relevant strands of research concerning
(1) sociotechnical imaginaries of the smart grid and (2)
the human—technology relationship. The identification
of these two strands is still very much valid, even though
the field has widened and more perspectives have been
introduced—a matter to which we return below.

Sociotechnical imaginaries and narratives

As discussed above, one dominant strand of earlier
research concerns sociotechnical imaginaries and nar-
ratives. The concept of sociotechnical imaginaries,
developed by Jasanoff and Kim [66], has been used as
an analytical approach to examining visions and futures
concerned with smart grids (e.g. [34—36]). This research
emphasises the significant role of energy imaginaries,
shaped mainly by past energy choices, in reconfiguring
the energy system. Imaginary futures consist of elements
capable of facilitating and influencing sociotechnical
trajectories by projecting what futures are desirable and
attainable based on current and anticipated knowledge.
In this research, the visions rather than the actors are
emphasised, and the main contribution is better knowl-
edge of how powerful visions can be for legitimising
political ends and technological choices. Sociotechnical
narratives’ implications for decision-making in energy
policy have recently been discussed by Libertson [67].
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The human-technology relationship

Kloppenburg and Boekelo [68] referred to the energy
social sciences as an established field in its own right,
where the focus is on the users/citizens: “The energy
social sciences (ESS) have examined how these develop-
ments have generated new possibilities for citizens to
engage with energy and participate in the energy transi-
tion” (p. 68). They further mentioned that it is imperative
for ESS to contribute to the responsible design and devel-
opment of new energy infrastructure.

In contrast, Skjelsvold et al. [69] identified the need for
four reconfigurations: (1) knowledge reconfiguration in
the design practice field—the research community needs
to engage more in disseminating results to practition-
ers, and practitioners, developers, and designers need to
engage more with diverse bodies of research; (2) mate-
rial reconfiguration—established design and technology
development processes and regimes need to be destabi-
lised to bring in new ideas and innovations; (3) epistemic
reconfiguration—instead of embedding social science in
technical projects, epistemic reconfiguration should be
the goal when social scientists “work on equal footing
with engineers and programmers in development pro-
cesses”; and (4) what could be called disciplinary recon-
figuration—establishing and mainstreaming new routines
for cooperation and integration between previously scat-
tered knowledge communities (p. 7). Skjolsvold et al. [69]
presented this schema in 2017, indicating that the field
had by then become mature enough to consider the criti-
cal evaluation of the impacts of sociotechnical research
on the development of the smart grid.

The field has had a user focus, especially in underlining
behaviour and practices at home. Less attention, how-
ever, has been paid to company and industry processes.
Hence, more studies of, for example, business anthro-
pology or ethnographies inside companies could be a
welcome addition to the field. An interesting study that
has taken such a turn is that of Grandclément [70], who
described working as a sociologist for seven years in the
R&D department of an energy company. To achieve the
reconfigurations that Skjelsvold et al. [69] identified, it
would be beneficial to have more studies giving insider
glimpses into energy companies and companies working
on designing smart-grid-related technology.

The application of social practice theory (SPT)

A dominant theory used in many of the reviewed studies
was social practice theory (SPT) (e.g. [19, 59, 69, 71, 72]).
As early as 2014, Naus et al. [71] and Higginson et al. [42]
examined smart grids, information flows, and emerging
domestic energy practices. By using SPT, doings in rela-
tion to the smart grid can be studied by treating structure
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and agency as united in repeated performance, meaning
that a proper understanding of a user agency’s potential
power needs to be related to established structures materi-
alised as routinised behaviour [73]. A practice is routinised
behaviour when it consists of three or four interconnected
elements, where the number of elements identified, as well
as how they are labelled, differs among the reviewed arti-
cles. All routines include forms of these elements: materi-
als such as technologies, competences such as know-how,
and meanings such as social norms and shared meanings.
By applying SPT, researchers can describe how users enact
and interact with the smart grid and detect or map pat-
terns of interaction. The SPT approach suits the empiri-
cal focus in which users in homes and households have
been rather dominant, as discussed above. SPT advances
our understanding of how and why certain smart-grid-
related practices occur and can enhance our knowledge
of, for example, demand-response practices and flex-
ibility. As mentioned earlier, few smart grids have been
established, although there have been many testbeds and
experiments in which users participate as early adopters,
thus their interaction with the technology can be studied
(e.g. [59, 72-74]). The roll-out of smart meters has also
allowed smart meter practice to be studied in the home
(e.g. [19, 39, 69]). Higginson et al. [42] noted that the study
of domestic energy use requires that researchers combine
the study of technology, with a focus on the individual as
the change agent, and the social, in which agency inheres
in a culture or society. An analysis of how the smart grid
affects society and vice versa makes it important to rec-
ognise that both living and non-living things (e.g. people,
technology, and their surroundings) are active and there-
fore share agency [42]. SPT is one theory with a potential
to capture this complexity, but there are others such as the
socio-material perspective, which we will examine below.
A practice-based understanding of energy outside the
home has also been expanded to encompass distribution
system operators (DSOs), and Verkade and Hoffken [36]
have noted that:

A main characteristic of a practice-based perspec-
tive is that, ontologically, it places the practice itself
center stage, rather than whoever is performing that
practice. The collective that performs the practice
can be a civic energy community, but also another
organization, such as a market-based company, a
public or government institution, or an organization
from civil society. The point of focusing on the prac-
tice and ‘leaving open’ who the performing actor is,
is not only inherent to practice theory, but it allows a
perspective in which different organizations develop
their own, sometimes competing, versions of collec-
tive energy practices. (p. 12)
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Theories other than SPT have the potential to analyse
this sociotechnical interaction in everyday life, as done in
the reviewed article, but only to a lesser extent. For exam-
ple, Nyborg and Repke [75] applied an actor-network
perspective to illustrate how some societal groups were
less willing to be enrolled by the ministry in the smart
grid programme, and how the utility and significance of
heat pumps were strengthened by smart grid develop-
ment. Lazowski et al. [76] and Ford et al. [77] applied the
energy culture framework to investigate household deci-
sion-making and energy behaviour in relation to smart
grid contexts in Ontario [76] and New Zealand [77]. A
version of household socio-material participation has
been used in several studies [48, 78—80], and Hansen and
Hauge [59] used the related notion of the script. Some
have also discussed the need for more theory develop-
ment; for example, Khalid et al. [56] reminded us that
conceptualising practices as shared or socially differ-
entiated entities in different cultural contexts calls for
further theory development. In addition, Adams et al.
[81] critically reviewed the use of ‘social license to auto-
mate, where ‘Social licence to automate’ (SLA) provides
a framework to understand the (mis)alignments between
the expectations of actors within the energy systems and
the household practices, sense of control and stake in the
energy system. They argue that the concept of an SLA
can bridge these domains.

Other theoretical perspectives applied

Sociotechnical pathway research discusses different
routes that the electricity grid could take. Lunde et al. [3]
used this approach in considering how different paths
include different elements of the smart grid discourse,
while highlighting different policies and strategies. One
pathway was that of a European SuperGrid and the other
was a decentralised energy system centring on local
actors [3]. Another theoretical perspective we found in
our data concerned governmentality, often drawing on
neoliberal theories or critical studies. For example, Lev-
enda’s [82] case study in Texas discussed the problems of
smart grid case studies, illustrating how urban entrepre-
neurialism alters the potential for active co-production,
whereas Rosenfield [83] responded to Shelton et al’s [84]
call for studies of the actually existing smart city. Lovell
[85] noted that “the most valuable insight provided by a
governmentality lens for those interested in processes of
technological change concerns the close two-way rela-
tionship between the rationalities and technologies of
government” (p. 592). In another study, Laes and Bom-
baerts [86] explored neoliberal governmentality and
energy communities, but there are not that many stud-
ies on how the technical issues of policy implementation
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have together influenced the emergence of smart grid
policy in different countries.

There have been interdisciplinary research attempts to
break the silos and combine knowledge from different
fields, as often advocated by researchers. In this effort, a
field such as geography can enable the integration of vari-
ous perspectives. Kumar [87], for example, in a study of
microgrids in India, reviewed some of the literature on
social sciences and smart grids, and concluded by call-
ing for a more social-scientific approach to smart grids.
Kumar also highlighted the need to connect smart-grid-
related problems early on in the design phase. This is also
something that has been highlighted over the years by a
range of researchers (e.g. [88—90]); they have been calling
for design approaches that would script technologies to
better align with the daily lives and diverse existing pat-
terns of electricity use and understanding [24].

Some more recent studies have used assemblage theory
[74, 91], which is an alternative way to approach socio-
technical configurations. Assemblage theory is a bot-
tom—up framework that sees relationships between
human and non-human actors as fluid. According to this
perspective, agency is not in the hands of a few key actors
but is widely distributed among the many components of
an assemblage. By using assemblage theory, the outcome
of the implementation and use of a smart grid is left open
ended, not fixed, and can be constantly reinterpreted.
This perspective has the potential to permit new analyses
of both the development and use of the smart grid.

In an earlier systematic review of smart meter research,
Sovacool et al. [40] found that almost two thirds of arti-
cles primarily discussed technical challenges; they also
identified two important gaps related to social science
approaches: social concerns and vulnerable consumers,
and how consumers and others can resist smart meter
adoption. These two gaps are also relevant to smart grid
studies, which have not focused on vulnerable citizens
and non-adoption.

Experimental studies

There are some interesting studies from recent years that
experiment with methods and theoretical frameworks.
For example, Hess et al. [92] argue for a comparative,
sociotechnical design perspective in their experimental
study with a multiple perspectives comparison. Further-
more, Trahan & Hess [93] outline three central chal-
lenges of digitisation, suggesting new directions in energy
social science research as the future control of electric-
ity develops along its digital pathway. Strengers et al. [94]
use comic-strip scenarios as a method to disrupt energy
industry futures. Through the article they urge the need
to revise energy imaginaries, reminding us about the
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urgency of exploration and communication in order to
meet the targets set in the Green Deal by 2030.

Discussion

The aim of this article was to analyse trends and knowl-
edge gaps identified in social science research on smart
grids. The trends discovered are presented in Fig. 4.

Theoretically, the dominant main perspectives have
emanated from the STS field: sociotechnical imaginar-
ies, the human-technology relationship, and social
practice theory. When the smart grid did not exist physi-
cally, but only on the conceptual level, it was difficult to
study actors’ experiences of it. Sociotechnical imaginar-
ies therefore fulfilled an important role in analysing the
potential meaning and influence of the visions of smart
grids for the energy system and society. When smart
grid demonstrations and testbeds developed further, it
also became possible to consider different actors’ reac-
tions. The roll-out of smart meters and the Internet of
Things in Europe helped create active consumers who
could interact with the grid, change their usage patterns,
and become more flexible. This could make these early
adopters important assets in demand-response practices
and in understanding how households use electricity
and related technology. Material participation became a
common approach to understanding the users’ interac-
tion with the domestic technology. This also occurred
at a time when practice theory had become a dominant
theory in the energy field, hence practice theory became
a popular perspective in smart grid research as well.

After the smart grid’s initial existence as mere socio-
technical imaginaries, it developed beyond the first
technologically oriented phase into demonstrations that
could be tested by people. Accordingly, more attention
was paid to how the smart grid was or would be gov-
erned, and theories relating to governing have started to
become more common.

Another trend in the research analysed is that most
studies have concentrated on the distributed smart grid,
whereas there has been less examination of the central-
ised grid or the centralised—decentralised nexus. Most
studies have also been case studies geographically located
in Europe or North America.

Thus, several research gaps were identified, as shown in
Fig. 5.

An absent or vague definition of the smart grid, or a
technology-oriented definition, often results in overlook-
ing different conceptions of the smart grid and contrib-
utes to disregarding aspects important to, e.g. actors who
are supposed to implement it. The lack of definitions also
makes detailed comparison between smart grid impos-
sible. There are few studies that address how to define a
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A DECADE OF RESEARCH

A timeline of social science studies on smart grids
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Visions and
imaginaries

Material politics

@

2012

Sovacool et al. (2017)
Vulnerability and resistance
in the United Kingdom's
smart meter transition

Verbong et al. (2013)
What is a smart grid

Ballo (2015)
Imagining energy futures:
Sociotechnical imaginaries of the
future Smart Grid in Norway

Fig. 4 Trends in earlier research and research gaps

Research gaps
Centralised-
decentralised
nexus of the
smart grids

Smart grid
geographies

Energy

democracy and

procedural

aspects of

participation
Fig. 5 Identified research gaps

smart grid in an inclusive way that covers its sociotechni-
cal character and considers existing conflicting conceptu-
alisations and understandings of the phenomena. This is
important, because better integrating the social aspects
into the design of the smart grid from the very beginning

Social practices

Gaps e.g.:

* Marginalised
actors

* Resistant
actors

* New
geographical
contexts

Distributed energy
system

2022

Van Summeren et al. (2020)
Community energy meets smart
grids: Reviewing goals,
structure, and roles in Virtual

Power Plants in Ireland, Belgium Strengers et al. (2022)

Ry%_}:;g_ne; 2115(3;)/1 ® and the Netherlands Digital technology and energy
citizenship through imaginaries of future home
material participation life: Comic-strip scenarios as

a method to disrupt energy
industry futures

Resistance and
non-participation
in the smart grid

Definitions of smart grids

Silent and marginalised
actors (e.g. vulnerable
consumers, SMEs)

of the smart grid project would make them more socially
sustainable.

One research gap relates to smart grid geogra-
phies and the trend with case studies concentrated on
Europe and North America. In future research, it will
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be important to include the meanings and experiences
of the smart grids in different contexts and have more
case studies in the Global South. This would allow for
more diverse insights and thus possibilities for more
inclusive smart grid development.

Another research gap is the narrow range of actors
studied. Technical and economical professionals are
almost always present in the studies together with early
adopters of smart technology. Future research should
prioritise actors with other values, perceptions and
experiences. Given the increased importance of energy
in peoples’ everyday lives, the inclusion of various
actors is important from an energy justice perspective
concerning who, for example, has sufficient resources in
order to participate and who is represented in hearings
and planning processes. There should also be a reflec-
tion on what kind of studies were absent; for example,
there were not many studies focusing on gender roles.
More studies with a feminist approach would help with
the aim of including more diverse actors.

As electricity becomes increasingly embedded in all
sectors of society, energy democracy clearly merits fur-
ther study. From an energy democracy perspective, the
energy transition is linked to a broader project of expand-
ing political democracy in which the smart grid has the
potential to re-inspire politically engaged citizen partici-
pation. This is something existing research touches on,
but the democratic aspects could be highlighted and prob-
lematised much more explicitly. Consideration of more
diverse actors and users is needed to advance our under-
standing of the smart grid, which should incorporate the
perspectives of, for example, gender, other marginalised
individuals, and SMEs as niche actors. The literature often
captures the fact that relatively few early adopters inter-
act with the technology and the social practices related to
this. Few studies consider the procedural aspects of par-
ticipation and issues of inclusion and outcomes.

Regarding material participation, how can a user opt
out of the smart grid? Will it be possible to remain on
grid but still avoid using related smart technology? Can
one avoid taking part in grid automation? As yet, no
study has explored the tensions between participation
and non-participation in the smart grid. According to
our data, some studies investigate how people partici-
pate in the smart grid, but far fewer studies consider
their willingness to participate. This might, however, be
due to the limitations of our study, as we excluded the
field of psychology from our search.

As few studies examined centralised versus decen-
tralised systems and their interconnected or conflicting
development paths, the dominant focus on decentral-
ised systems can be criticised for not reflecting the

Page 12 of 15

centralised energy system that most citizens experience
in their everyday lives.

Smart grid research does, of course, benefit from devel-
oping incremental contributions, but assumption-chal-
lenging research is also needed. By focusing, for example,
on marginalised actors, resistant actors or new geograph-
ical contexts, these less studied areas can bring in new
knowledge supporting smart grid solutions to be devel-
oped, which also aligns with the actors actually imple-
menting and using them.

Conclusions

We can conclude that research in social science stud-
ies on smart grids has followed a pattern where visions;
professionals and users; and smart technologies in
homes usually have been studied using case studies
mainly focusing Europe or the USA. Six research gaps
were identified and these were: the need of a clear defi-
nition of the smart grid, to include more diverse actors
and geographical places, more studies relating to energy
democracy and the resistance of smart grids and finally a
lack of studies of the centralised—decentralised nexus of
the smart grid.

Lastly, we want to acknowledge the limitations of the
study and discuss alternative ways of conducting this
type of review. The search terms are important and there
are several search terms related to the smart grid that
could have been used, such as “smart energy’, “smart
energy systems’, “flexibility” or “community energy stor-
age” The aim was, however, to capture how the social
scientists have studied smart grids as a system, and we
were not interested in how individual subsystems have
been approached or analysed in earlier studies. Moreo-
ver, to place greater focus on parts of the system or dif-
ferent artefacts would have been interesting but that
would have involved another kind of analysis than that
aimed for here. Finally, due to the limited resources, we
excluded non-English literature from our review, which
may have resulted in a geographical bias.
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STS Science and technology studies
USA United States of America

WoS Web of Science



Kojonsaari and Palm Energy, Sustainability and Society (2023) 13:1

Supplementary Information

The online version contains supplementary material available at https://doi.
0rg/10.1186/513705-023-00381-9.

[ Additional file 1. Studies included in qualitative synthesis. }

Acknowledgements

We wish to thank everyone who contributed to and helped develop the
article, especially the editor and all the reviewers whose dedicated work made
the article better.

Author contributions
ARK and JP jointly carried out the review and drafted the manuscript. Both
authors read and approved the final manuscript.

Funding

Open access funding provided by Lund University. This work was supported
by the Kamprad Family Foundation project Resistance and Effect with Grant
Number 20182014,

Availability of data and materials
Not applicable.

Declarations

Ethics approval and consent to participate
Not applicable.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Received: 13 February 2022 Accepted: 2 January 2023
Published online: 11 January 2023

References

1. European Commission. The European Green Deal https://eur-lex.europa.
eu/resource.html?uri=cellar:b828d165-1c22-11ea-8c1f-01aa75ed71al.
0002.02/DOC_1&format=PDF2019.

2. Siemens, University of Oxford, TU Berlin. The grid edge revolution. Innova-
tive drivers towards net-zero energy. 2019. https://new.siemens.com/
global/en/company/topic-areas/smart-infrastructure/grid-edge/white-
paper-grid-edge-net-zero-energy-drivers.html. Siemens.

3. Lunde M, Ropke |, Heiskanen E (2016) Smart grid: hope or hype? Energy
Effic 9(2):545-562. https://doi.org/10.1007/512053-015-9385-8

4. Maya-Drysdale D, Krog Jensen L, Vad MB (2020) Energy vision strategies
for the EU green new deal: a case study of European cities. Energies
13(9):2194

5. Palm J(2021) Exploring limited capacity in the grid: actors, problems, and
solutions. Front Energy Res 9:199

6. LiJ,Ho MS, Xie C, Stern N (2022) China's flexibility challenge in achieving
carbon neutrality by 2060. Renew Sustain Energy Rev 158:112112

7. Moneta D. Smart grids: enabler for the energy transition. EPJ Web of
Conferences: EDP Sciences; 2018. p. 00012.

8. European Commission. European SmartGrids Technology Platform. 2006.

9. Raimi KT, Carrico AR (2016) Understanding and beliefs about smart
energy technology. Energy Res Soc Sci 12:68-74

10. Hall S, Foxon TJ (2014) Values in the smart grid: the co-evolving political
economy of smart distribution. Energy Policy 74:600-609

11. Wallsten A, Galis V (2019) The discreet charm of activeness: the vain
construction of efficient smart grid users. J Cult Econ 12(6):571-589

20.

21

22.

23.

24,

25.

26.

27.

28.

29.

30.

31

32.

33

34.

35.

Page 13 of 15

. Hansen M, Hauge B (2017) Scripting, control, and privacy in domestic

smart grid technologies: insights from a Danish pilot study. Energy Res
Soc Sci 25:112-123

. Bigerna S, Bollino CA, Micheli S (2016) Socio-economic acceptability

for smart grid development—a comprehensive review. J Clean Prod
131:399-409

. Grunwald A (2014) Modes of orientation provided by futures studies:

making sense of diversity and divergence. Eur J Futures Res 2(1):1-9

. Reinders A, Ubermasser S, Van Sark W, Gercek C, Schram W, Obinna U et al

(2018) An exploration of the three-layer model including stakeholders,
markets and technologies for assessments of residential smart grids. Appl
Sci 8(12):2363

. Szulecki K, Overland | (2020) Energy democracy as a process, an outcome

and a goal: a conceptual review. Energy Res Soc Sci. https://doi.org/10.
1016/].erss.2020.101768

. Lovell H (2022) Understanding energy innovation: learning from smart

grid experiments. Springer Nature, Cham

. De Wildt T, Chappin E, van de Kaa G, Herder P, van de Poel | (2019)

Conflicting values in the smart electricity grid a comprehensive overview.
Renew Sustain Energy Rev 111:184-196

. Smale R, van Vliet B, Spaargaren G (2017) When social practices meet

smart grids: flexibility, grid management, and domestic consumption

in The Netherlands. Energy Res Soc Sci 34:132-140. https://doi.org/10.
1016/j.erss.2017.06.037

Wolsink M (2012) The research agenda on social acceptance of distrib-
uted generation in smart grids: renewable as common pool resources.
Renew Sustain Energy Rev 16(1):822-835

Verbong GPJ, Beemsterboer S, Sengers F (2013) Smart grids or smart
users? Involving users in developing a low carbon electricity economy.
Energy Policy 52:117-125

Skjglsvold TM, Ryghaug M, Berker T (2015) A traveler’s guide to smart
grids and the social sciences. Energy Res Soc Sci 9:1-8. https://doi.org/10.
1016/j.erss.2015.08.017

Kojonsaari A-R, Palm J (2021) Distributed energy systems and energy
communities under negotiation. Technol Econ Smart Grids Sustain
Energy 6(1):17. https://doi.org/10.1007/540866-021-00116-9

Skjelsvold TM, Lindkvist C (2015) Ambivalence, designing users and user
imaginaries in the European smart grid: insights from an interdisciplinary
demonstration project. Energy Res Soc Sci 9:43-50

Baumeister RF, Leary MR (1997) Writing narrative literature reviews. Rev
Gen Psychol 1(3):311-320

Snyder H (2019) Literature review as a research methodology: an over-
view and guidelines. J Bus Res 104:333-339. https://doi.org/10.1016/j.
jbusres.2019.07.039

Bryman A (2007) Effective leadership in higher education: a literature
review. Stud High Educ 32(6):693-710

Pranckuté R (2021) Web of Science (WoS) and Scopus: the titans of
bibliographic information in today’s academic world. Publications
9(1):12

Sovacool BK, Axsen J, Sorrell S (2018) Promoting novelty, rigor, and style
in energy social science: towards codes of practice for appropriate meth-
ods and research design. Energy Res Soc Sci 45:12-42

Hammersley M (2001) On'systematicreviews of research literatures: a
‘narrative’response to Evans & Benefield. Br Educ Res J 27(5):543-554
Coffey A, Atkinson P (1996) Making sense of qualitative data: comple-
mentary research strategies. Sage Publications, Inc, Thoudsand Oaks
Throndsen W (2017) What do experts talk about when they talk about
users? Expectations and imagined users in the smart grid. Energy Effic
10(2):283-297

Goulden M, Bedwell B, Rennick-Egglestone S, Rodden T, Spence A (2014)
Smart grids, smart users? the role of the user in demand side manage-
ment. Energy Res Soc Sci 2:21-29. https://doi.org/10.1016/j.erss.2014.04.
008

Ballo IF (2015) Imagining energy futures: sociotechnical imaginaries of
the future Smart Grid in Norway. Energy Res Soc Sci 9:9-20. https://doi.
org/10.1016/j.erss.2015.08.015

Engels F, Miinch AV (2015) The micro smart grid as a materialised imagi-
nary within the German energy transition. Energy Res Soc Sci 9:35-42.
https://doi.org/10.1016/j.erss.2015.08.024


https://doi.org/10.1186/s13705-023-00381-9
https://doi.org/10.1186/s13705-023-00381-9
https://eur-lex.europa.eu/resource.html?uri=cellar:b828d165-1c22-11ea-8c1f-01aa75ed71a1.0002.02/DOC_1&format=PDF2019
https://eur-lex.europa.eu/resource.html?uri=cellar:b828d165-1c22-11ea-8c1f-01aa75ed71a1.0002.02/DOC_1&format=PDF2019
https://eur-lex.europa.eu/resource.html?uri=cellar:b828d165-1c22-11ea-8c1f-01aa75ed71a1.0002.02/DOC_1&format=PDF2019
https://new.siemens.com/global/en/company/topic-areas/smart-infrastructure/grid-edge/white-paper-grid-edge-net-zero-energy-drivers.html
https://new.siemens.com/global/en/company/topic-areas/smart-infrastructure/grid-edge/white-paper-grid-edge-net-zero-energy-drivers.html
https://new.siemens.com/global/en/company/topic-areas/smart-infrastructure/grid-edge/white-paper-grid-edge-net-zero-energy-drivers.html
https://doi.org/10.1007/s12053-015-9385-8
https://doi.org/10.1016/j.erss.2020.101768
https://doi.org/10.1016/j.erss.2020.101768
https://doi.org/10.1016/j.erss.2017.06.037
https://doi.org/10.1016/j.erss.2017.06.037
https://doi.org/10.1016/j.erss.2015.08.017
https://doi.org/10.1016/j.erss.2015.08.017
https://doi.org/10.1007/s40866-021-00116-9
https://doi.org/10.1016/j.jbusres.2019.07.039
https://doi.org/10.1016/j.jbusres.2019.07.039
https://doi.org/10.1016/j.erss.2014.04.008
https://doi.org/10.1016/j.erss.2014.04.008
https://doi.org/10.1016/j.erss.2015.08.015
https://doi.org/10.1016/j.erss.2015.08.015
https://doi.org/10.1016/j.erss.2015.08.024

Kojonsaari and Palm Energy, Sustainability and Society

36.

37.

38.

39.

40.

42.

43.

44,

45.

46.

47.

48.
49.

50.

51.

52.

53.
54.

55.

56.

57.

58.

(2023) 13:1

Richter JA, Tidwell AS, Fisher E, Miller TR (2017) STIRring the grid: engag-
ing energy systems design and planning in the context of urban socio-
technical imaginaries. Innovation 30(3):365-384

Blarke MB, Jenkins BM (2013) Super grid or smart grid: competing strate-
gies for large-scale integration of intermittent renewables? Energy Policy
58:381-390. https://doi.org/10.1016/j.enpol.2013.03.039

Mah DN-Y, van der Vleuten JM, Hills P, Tao J (2012) Consumer perceptions
of smart grid development: results of a Hong Kong survey and policy
implications. Energy Policy 49:204-216. https://doi.org/10.1016/j.enpol.
2012.05.055

Winther T, Bell S (2018) Domesticating in home displays in selected
British and Norwegian households. Sci Technol Stud 31(2):19-38
Sovacool BK, Kivimaa P, Hielscher S, Jenkins K (2017) Vulnerability and
resistance in the United Kingdom's smart meter transition. Energy
Policy 109:767-781

. Langendahl P-A, Roby H, Potter S, Cook M (2019) Smoothing peaks and

troughs: intermediary practices to promote demand side response in
smart grids. Energy Res Soc Sci 58:101277

Higginson S, Thomson M, Bhamra T (2014) “For the times they are
a-changin”: the impact of shifting energy-use practices in time and
space. Local Environ 19(5):520-538

Balta-Ozkan N, Amerighi O, Boteler B (2014) A comparison of consumer
perceptions towards smart homes in the UK, Germany and Italy:
reflections for policy and future research. Technol Anal Strateg Manag
26(10):1176-1195

Balta-Ozkan N, Boteler B, Amerighi O (2014) European smart home
market development: public views on technical and economic aspects
across the United Kingdom, Germany and Italy. Energy Res Soc Sci
3:65-77

Verkade N, Hoffken J (2019) Collective energy practices: a practice-
based approach to civic energy communities and the energy system.
Sustainability. https://doi.org/10.3390/su11113230

Verkade N, Hoffken J (2017) Is the resource man coming home?
Engaging with an energy monitoring platform to foster flexible energy
consumption in the Netherlands. Energy Res Soc Sci 27:36-44
Gancheva M, O'Brien S, Crook N, Monteiro C. Models of local energy
ownership and the role of local energy communities in energy transi-
tion in Europe. European Committee of the Regions; 2018.

Ryghaug M, Skjelsvold TM, Heidenreich S (2018) Creating energy
citizenship through material participation. Soc Stud Sci 48(2):283-303
Lovell H, Powells G (2020) Smart grid knowledges and the state. Area.
https://doi.org/10.1111/area.12613

Mah DNY (2020) Conceptualising government-market dynamics in
socio-technical energy transitions: a comparative case study of smart
grid developments in China and Japan. Geoforum 108:148-168.
https://doi.org/10.1016/j.geoforum.2019.07.025

Joo J, Kim L (2016) Strategic guidelines for the diffusion of smart grid
technologies through a Korean testbed. Inf Technol Dev 22(3):503-524
Bertheau P, Dionisio J, Jutte C, Aquino C (2020) Challenges for imple-
menting renewable energy in a cooperative-driven off-grid system in
the Philippines. Environ Innov Soc Transit 35:333-345

Ulsrud K (2020) Access to electricity for all and the role of decentralized
solar power in sub-Saharan Africa. Nor Geogr Tidsskr 74(1):54-63
Feron S, Cordero RR (2018) Is Peru prepared for large-scale sustainable
rural electrification? Sustainability 10(5):1683

Nwaiwu F (2021) Digitalisation and sustainable energy transitions in
Africa: assessing the impact of policy and regulatory environments

on the energy sector in Nigeria and South Africa. Energy Sustain Soc
11(1):1-16

Khalid R, Christensen TH, Gram-Hanssen K, Friis F (2019) Time-shifting
laundry practices in a smart grid perspective: a cross-cultural analysis
of Pakistani and Danish middle-class households. Energy Effic
12(7):1691-1706

Gangale F, Mengolini A, Onyeji | (2013) Consumer engagement: an
insight from smart grid projects in Europe. Energy Policy 60:621-628.
https://doi.org/10.1016/j.enpol.2013.05.031

Geelen D, Reinders A, Keyson D (2013) Empowering the end-user in
smart grids: recommendations for the design of products and services.
Energy Policy 61:151-161. https://doi.org/10.1016/j.enpol.2013.05.107

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

Page 14 of 15

Hansen M, Hauge B (2017) Prosumers and smart grid technologies in
Denmark: developing user competences in smart grid households.
Energy Effic. https://doi.org/10.1007/512053-017-9514-7

Blscher C, Sumpf P (2015) “Trust” and “confidence” as socio-technical
problems in the transformation of energy systems. Energy Sustain Soc
5(1):1-13. https://doi.org/10.1186/513705-015-0063-7

Chadwick K, Russell-Bennett R, Biddle N (2022) The role of human influ-
ences on adoption and rejection of energy technology: a systematised
critical review of the literature on household energy transitions. Energy
Res Soc Sci 89:102528

Calver B, Mander S, Abi GD (2022) Low carbon system innovation through
an energy justice lens: exploring domestic heat pump adoption with
direct load control in the United Kingdom. Energy Res Soc Sci 83:102299
Milchram C, Kiinneke R, Doorn N, van de Kaa G, Hillerbrand R (2020)
Designing for justice in electricity systems: a comparison of smart grid
experiments in the Netherlands. Energy Policy. https://doi.org/10.1016/j.
enpol.2020.111720

Hughes TP (1983) Networks of power : electrification in Western society,
1880-1930. Johns Hopkins Univ. Press, Baltimore

Hughes TP (1986) The seamless web: technology, science, etcetera,
etcetera. Soc Stud Sci 16(2):281-292. https://doi.org/10.1177/0306312786
016002004

Jasanoff S, Kim S-H (2009) Containing the atom: Sociotechnical imaginar-
ies and nuclear power in the United States and South Korea. Minerva
47(2):119

Libertson F (2021) Competing socio-technical narratives in times of grid
capacity challenges: the representative case of Sweden. Energy Sustain
Soc 11(1):1-13

Kloppenburg S, Boekelo M (2019) Digital platforms and the future of
energy provisioning: promises and perils for the next phase of the energy
transition. Energy Res Soc Sci 49:68-73

Skjelsvold TM, Jargensen S, Ryghaug M (2017) Users, design and the role
of feedback technologies in the Norwegian energy transition: an empiri-
cal study and some radical challenges. Energy Res Soc Sci 25:1-8
Grandclément C (2019) Electricity engineers and the happen-

ing of behaviour: lessons from a real-scale experiment. Distinktion
20(3):246-263

Naus J, Spaargaren G, van Vliet BJM, van der Horst HM (2014) Smart grids,
information flows and emerging domestic energy practices. Energy
Policy 68:436-446. https://doi.org/10.1016/j.enpol.2014.01.038

Friis F, Christensen TH (2016) The challenge of time shifting energy
demand practices: Insights from Denmark. Energy Res Soc Sci
19:124-133

Naus J, Van Der Horst HM (2017) Accomplishing information and change
in a smart grid pilot: linking domestic practices with policy interventions.
Environ Plan C Gov Policy 35(3):379-396. https://doi.org/10.1177/02637
74X16662470

Levenda AM (2019) Mobilizing smart grid experiments: policy mobilities
and urban energy governance. Environ Plan C Politics Space 37(4):634-
651. https://doi.org/10.1177/2399654418797127

Nyborg S, Repke | (2015) Heat pumps in Denmark—from ugly duckling
to white swan. Energy Res Soc Sci 9:166-177

Lazowski B, Parker P, Rowlands IH (2018) Towards a smart and sustainable
residential energy culture: assessing participant feedback from a long-
term smart grid pilot project. Energy Sustain Soc 8(1):1-21

Ford R, Walton S, Stephenson J, Rees D, Scott M, King G et al (2017)
Emerging energy transitions: PV uptake beyond subsidies. Technol Fore-
cast Soc Change 117:138-150

Bulkeley H, McGuirk PM, Dowling R (2016) Making a smart city for the
smart grid? The urban material politics of actualising smart electricity
networks. Environ Plan A 48(9):1709-1726. https://doi.org/10.1177/03085
18X16648152

Parks D, Wallsten A (2020) The struggles of smart energy places: regula-
tory lock-in and the Swedish electricity market. Ann Am Assoc Geogr
110(2):525-534

Throndsen W, Ryghaug M (2015) Material participation and the smart
grid: exploring different modes of articulation. Energy Res Soc Sci
9:157-165

Adams S, Kuch D, Diamond L, Fréhlich P, Henriksen IM, Katzeff C

et al (2021) Social license to automate: a critical review of emerging


https://doi.org/10.1016/j.enpol.2013.03.039
https://doi.org/10.1016/j.enpol.2012.05.055
https://doi.org/10.1016/j.enpol.2012.05.055
https://doi.org/10.3390/su11113230
https://doi.org/10.1111/area.12613
https://doi.org/10.1016/j.geoforum.2019.07.025
https://doi.org/10.1016/j.enpol.2013.05.031
https://doi.org/10.1016/j.enpol.2013.05.107
https://doi.org/10.1007/s12053-017-9514-7
https://doi.org/10.1186/s13705-015-0063-7
https://doi.org/10.1016/j.enpol.2020.111720
https://doi.org/10.1016/j.enpol.2020.111720
https://doi.org/10.1177/0306312786016002004
https://doi.org/10.1177/0306312786016002004
https://doi.org/10.1016/j.enpol.2014.01.038
https://doi.org/10.1177/0263774X16662470
https://doi.org/10.1177/0263774X16662470
https://doi.org/10.1177/2399654418797127
https://doi.org/10.1177/0308518X16648152
https://doi.org/10.1177/0308518X16648152

Kojonsaari and Palm Energy, Sustainability and Society

82.

83.
84.
85.
86.

87.

88.

89.

90.

91.

92.

93.

94.

(2023) 13:1

approaches to electricity demand management. Energy Res Soc Sci
80:102210

Levenda A, Mahmoudi D, Sussman G. The neoliberal politics of 'smart’:
electricity consumption, household monitoring, and the enterprise form.
Can J Commun. 2015;40(4).

Rosenfeld H (2018) “Plug into choice"? The trouble with common-sense
participation in a smart electric grid. Capital Nat Social 29(3):87-108
Shelton T, Zook M, Wiig A (2015) The “actually existing smart city.’ Cam-
bridge J Reg Econ Soc 8(1):13-25. https://doi.org/10.1093/cjres/rsu026
Lovell H (2019) The promise of smart grids. Local Environ 24(7):580-594.
https://doi.org/10.1080/13549839.2017.1422117

Laes E, Bombaerts G (2022) Energy communities and the tensions
between neoliberalism and communitarianism. Sci Eng Ethics 28(1):1-21
Kumar A (2019) Beyond technical smartness: rethinking the development
and implementation of sociotechnical smart grids in India. Energy Res
Soc Sci 49:158-168. https://doi.org/10.1016/j.ers5.2018.10.026

Jelsma J (2003) Innovating for sustainability: involving users, politics and
technology. Innovation 16(2):103-116

Strengers Y (2013) Smart energy technologies in everyday life: smart
Utopia? Palgrave Macmillan, London

Nicholls L, Strengers Y (2014) Air-conditioning and antibiotics: demand
management insights from problematic health and household cooling
practices. Energ Policy 67:673-681. https://doi.org/10.1016/j.enpol.2013.
11.076

Parks D (2019) Energy efficiency left behind? Policy assemblages in
Sweden’s most climate-smart city. Eur Plan Stud 27(2):318-335. https://
doi.org/10.1080/09654313.2018.1455807

Hess DJ, Lee D, Biebl B, Franzle M, Lehnhoff S, Neema H et al (2021) A
comparative, sociotechnical design perspective on responsible innova-
tion: multidisciplinary research and education on digitized energy and
automated vehicles. J Responsible Innov 8(3):421-444

Trahan RT, Hess DJ (2021) Who controls electricity transitions? Digitiza-
tion, decarbonization, and local power organizations. Energy Res Soc Sci
80:102219

Strengers Y, Dahlgren K, Pink S, Sadowski J, Nicholls L (2022) Digital
technology and energy imaginaries of future home life: comic-strip
scenarios as a method to disrupt energy industry futures. Energy Res Soc
Sci 84:102366

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Page 15 of 15

Ready to submit your research? Choose BMC and benefit from:

fast, convenient online submission

thorough peer review by experienced researchers in your field

rapid publication on acceptance

support for research data, including large and complex data types

gold Open Access which fosters wider collaboration and increased citations

maximum visibility for your research: over 100M website views per year

K BMC

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions



https://doi.org/10.1093/cjres/rsu026
https://doi.org/10.1080/13549839.2017.1422117
https://doi.org/10.1016/j.erss.2018.10.026
https://doi.org/10.1016/j.enpol.2013.11.076
https://doi.org/10.1016/j.enpol.2013.11.076
https://doi.org/10.1080/09654313.2018.1455807
https://doi.org/10.1080/09654313.2018.1455807

	The development of social science research on smart grids: a semi-structured literature review
	Abstract 
	Background 
	Results 
	Conclusions 

	Background
	State of the art of social implications

	Methods
	Selection and exclusion of articles and quality criteria
	Semi-structured analysis

	Results
	Studying an emerging but non-existent smart grid
	The domination of case studies from Europe and the USA
	The domination of early adopters and professionals
	Theoretical perspectives
	Sociotechnical imaginaries and narratives
	The human–technology relationship
	The application of social practice theory (SPT)
	Other theoretical perspectives applied

	Experimental studies

	Discussion
	Conclusions
	Acknowledgements
	References


