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CHAPTER 7

Crossing Borders: Social Sciences 
and Humanities Perspectives on European 

Energy Systems Integration

Antti Silvast, Ronan Bolton, Vincent Lagendijk, 
and Kacper Szulecki

Abstract Our chapter brings together four Social Sciences and Humanities 
(SSH) scholars into a conversation about their research and policy engage-
ments, working within History, Political Science, Sociology, and Science 
and Technology Studies. We develop a socio-technical perspective and 
turn that into a conceptual tool pack, to interrogate and explore the 

A. Silvast (*) 
Department of Anthropology, Durham University, Durham, UK
e-mail: antti.e.silvast@durham.ac.uk 

R. Bolton 
School of Social and Political Science, University of Edinburgh, Edinburgh, UK
e-mail: Ronan.Bolton@ed.ac.uk 

V. Lagendijk 
Department of History, Maastricht University, Maastricht, Netherlands
e-mail: vincent.lagendijk@maastrichtuniversity.nl 

K. Szulecki 
Department of Political Science, University of Oslo, Oslo, Norway
e-mail: kacper.szulecki@stv.uio.no

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-319-99097-2_7&domain=pdf
https://doi.org/10.1007/978-3-319-99097-2_7
mailto:antti.e.silvast@durham.ac.uk
mailto:Ronan.Bolton@ed.ac.uk
mailto:vincent.lagendijk@maastrichtuniversity.nl
mailto:kacper.szulecki@stv.uio.no


98 

emerging concept of Energy Systems Integration (ESI) with a special 
interest in European energy integration. Our contributions include, first, 
advancing the concepts of socio-technical energy system and seamless web 
for our research topics. Second, we open up select frameworks for ESI 
using the socio-technical perspective and highlight very different interpre-
tations of systems integration terminologies and their effects. Third, the 
chapter explores of how the production of scale matters greatly for inte-
grated energy systems, from a variety of infrastructural scales to urban, 
national, and supranational scales. The chapter rounds up by suggesting 
ideas for future interdisciplinary research between SSH researchers and 
designers of more integrated energy systems.

Keywords Large technical systems • Infrastructures • Science and 
Technology Studies • Political Science • History

7.1  IntroductIon

What can academic disciplines from the Social Sciences and Humanities 
(SSH) offer to understand how Europe will reach its targets of affordable, 
reliable, and sustainable energy? Our chapter focuses on a variety of energy-
related SSH research, and unpacks its implications for energy policy by bring-
ing together four SSH scholars into a conversation about their research and 
policy engagements. We work within History, Political Science, Sociology, 
and Science and Technology Studies, and our projects have been funded by 
different councils and public as well as private donors in different national 
and international contexts: the EU Horizon 2020 and research councils and 
foundations in various countries (UK, Norway, Poland, and the Netherlands).

The key object of this chapter concerns the concept of Energy Systems 
Integration (ESI) with a special interest in European energy integration. 
This concept has been emerging in expert circles through specialised asso-
ciations, conferences, and research projects for a number of years. The 
International Institute for Energy Systems Integration was founded in 
2014 to address cross-sectoral integration of multiple energy systems, and 
mainly its technical challenges. It defines the concept as the following 
activity: ‘Energy Systems Integration (ESI) is the process of coordinating 
the operation and planning of energy systems across multiple pathways 
and/or geographical scales to deliver reliable, cost effective energy services 
with minimal impact on the environment’ (O’Malley et al. 2016, p. 1).

Systems integration visions also feature prominently in the European 
Commission’s (2017) Strategic Energy Technology (SET) Plans—where 
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the greater integration between heating, cooling, energy storage, energy 
efficiency, demand-side responses, and renewable energies appears as the 
next advancement in the context of ‘smart’ projects such as ‘smart grids’ 
or ‘smart cities’. Similar visions have underpinned the EU’s Energy Union 
(European Commission 2015), a strategy for European energy policy 
integration across cutting carbon to energy security, internal markets, 
innovation, and energy efficiency. The concept of ESI is also central to 
large research programmes including research universities and companies. 
One recent example is the collaboration of five UK universities and 
Siemens in the Centre for Energy Systems Intergration (CESI).

While ESI emerged mainly from technological fields, it involves signifi-
cant SSH-related issues. In this chapter, we develop a socio-technical per-
spective to interrogate and explore a set of these issues. We are speaking 
primarily from our interest in Science and Technology Studies, while our 
varied disciplinary backgrounds represent a good sample of SSH.  We 
argue that this subset offers well-developed concepts and tools for framing 
today’s energy problems, and thus helps to formulate more thorough and 
robust solutions. This critical edge has policy relevance of its own. But in 
place of problem-solving blueprints, it helps to adjust the premises on 
which energy debates are set, the conceptual tool pack which we use to 
propose and design policies, and the perspectives for evaluating the pros 
and cons of different technical and political-administrative solutions.

Our chapter speaks to several themes from this edited book. The con-
tributions include, first, addressing what SSH scholars understand by the 
concepts of socio-technical energy systems and their technopolitics (Hecht 
2011) in matters of integration. These terms refer to an energy system that 
cuts across technological, political, social, disciplinary, jurisdictional, and 
organisational boundaries. This system forms what researchers name a 
seamless web (Hughes 1986), requiring strong collaboration between dif-
ferent academic disciplines and their knowledge practices in order to fully 
appreciate its technical and societal embeddedness (Winskel 2018). 
Second, we open up select frameworks for ESI using the socio-technical 
systems perspective and highlight the clear interpretative flexibility (Pinch 
and Bijker 1984) of various systems integration terminologies and their 
effects in so doing. Third, the chapter explores how the production of 
scale matters greatly for integrated energy systems in various meanings of 
the term—different infrastructural scales (Edwards 2003), the urban scale 
(Bolton and Foxon 2013), the national scale, and the supranational scale 
(Van der Vleuten 2004; Lagendijk 2008). The chapter rounds up by sug-
gesting ideas for future interdisciplinary research and interactions between 
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SSH researchers and designers of more integrated energy systems. Each of 
these contributions is discussed in its own subsection in order.

The chapter was built upon an internal researcher workshop held at 
Durham University on 28 March 2018, between the four authors. Written 
up, this piece allows our readers to listen in on our conversations on our 
respective positions on Energy Systems Integration and engagement with 
academic SSH perspectives. Box 7.1 contains a more detailed explanation 
of the interdisciplinary workshop methodology for this chapter.

Box 7.1 Interdisciplinary workshop methodology for the 
development of research outputs

 1. All involved scholars identify relevant calls for workshop fund-
ing and develop an agenda to answer these concerns.

 2. The workshop coordinator finds and contacts more scholars on 
the basis of the initial agenda.

 3. The coordinator, together with other participants, develops a 
small number of orienting questions to the workshop discus-
sion, building upon the initial agenda.

 4. All scholars circulate a short abstract that addresses the ques-
tions, done at least one week before the workshop.

 5. During the workshop, participants discuss the questions in 
order but also allow the discussion to move to new topics. The 
workshop starts with an introductory comment by each scholar 
and then allows all scholars to comment and discuss freely. The 
discussants are encouraged to present concrete problems and 
operational research concepts in order to avoid disciplinary 
biases shaping the discussion. Each participant takes notes, but 
the workshop is also recorded to ensure their accuracy.

 6. After the discussion, the participants continue the workshop by 
jointly typing up key themes that emerged from the workshop.

 7. After the workshop, the coordinator uses these notes to draft 
the first version of the paper.

 8. Each participant comments on the draft before the submission.
 9. The submission is subjected to peer review in the normal aca-

demic fashion.
 10. Based on peer-review comments, the coordinator drafts the final 

output acknowledging comments from the other authors.
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7.2  Integrated SocIo-technIcal SyStemS 
and the SeamleSS Web approach

Appreciating energy integration requires, at once, historical awareness of 
earlier integrated systems and the ways in which such integration has 
crossed boundaries from technical to different social arenas. With this 
issue in view, all SSH scholars involved in the workshop likened the elec-
tricity system to what historian Hughes (1986) has called a seamless web—
an underlying idea shared in many wider Science and Technology Studies 
literatures (Bijker et  al. 1987). At the core, the seamless web approach 
goes against professional or jurisdictional boundaries, disciplines, or cate-
gories of knowledge. Hughes argued that the integrating visions of inven-
tors, managers, and engineers of technological systems always themselves 
crossed these dichotomies such as ‘technology and science, pure and 
applied, internal and external, and technical and social’ (Hughes 1986, 
p. 286). Furthermore, his research strongly emphasised that the system’s 
components are commonly controlled and interact to fulfil a system goal. 
These goals can change over time—as can secondary policy goals and 
interpretations of energy issues—from security of supply to providing 
energy at the lowest possible price, or attaining sustainability aims.

What does this imply for how we should see energy systems? To us, it 
makes no sense to see the system as something purely technical and dis-
connected from other social and economic issues. Technological solutions 
only do not solve contemporary energy issues—think about local protests 
over energy grid extensions and wind farms or privacy risks some have 
associated with new energy smart metres. To focus on technologies only is 
to ignore the social embeddedness of technical artefacts and systems. Like 
Hughes (1986, p. 290) argued, we see the social and political embodied 
into the technical realm—something Gabrielle Hecht (2011) has labelled 
technopolitics. This means that a change in a system’s goal will affect the 
components, and changes to components have consequences for the sys-
tem’s functioning.

When seeing them as seamless and socio-technical, systems immedi-
ately become interdisciplinary objects of study. Understanding historical 
shaping and current-day constellations of energy infrastructures requires 
technological, scientific, economic, sociological, anthropological, and 
political scientific lenses to fully grasp these systems. These concepts are 
very consequential for framing how we approach Energy Systems 
Integration. If we assume that integrators of energy systems are bounded 
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by their disciplines, there is little need for more interdisciplinary research. 
But if we presume that the integrators of energy systems are problem- 
solvers to whom categories such as disciplines are soft and overlapping, 
then our analysis needs to be attuned to how that happens in practice, not 
simply assuming boundaries such as professions, disciplines, or nation- 
state borders. A socio-technical system like the grid combines the materi-
ality of its physical infrastructures and the institutions and norms which 
emerge to govern it, as well as the broad set of practices that keep these 
together and enable the very functioning and use of the system. It is in the 
study of the establishment and change of these practices (and the related 
practical logic) that our contribution is anchored.

Hughes’s (1986) historical work makes another important contribu-
tion in that visions for integrated systems, so common today, are not new. 
They go back to the invention of earliest electric power networks and 
other similar large-scale systems (Van der Vleuten 2004). Another impor-
tant facet has been the social integration of engineers and inventors that 
aspired to build large energy systems. In Europe, the relevant engineering 
networks that envisioned a common electricity grid date to the early twen-
tieth century (Lagendijk 2008). Hence, the ideal of supranational integra-
tion of energy systems predates the European Union (EU) by several 
decades. Energy integration does not simply equate to European integra-
tion along the lines of the EU.

As technology histories have shown, these earlier eras’ energy systems 
builders were relatively easy to identify, being privileged actors (Van der 
Vleuten 2004) and varying from individual inventors, managers and engi-
neers to investors and, especially with cross-border systems, international 
organisations of engineers. Concerning ESI, the relevant systems building 
is still emerging, and the actual systems integrators remain sometimes only 
implicit in discussions of the concept.

With regard to these systems builders, we seek to highlight three points. 
Firstly, at the moment, the concept of ESI seems to be emerging among 
policymakers and industrialists that might see themselves as systems inte-
grators. Secondly, international and national networks and research proj-
ects that pursue Energy Systems Integration are very important for the 
social shaping of ESI. As such, they are often formed by academic research-
ers, especially modellers, analysts, and designers in engineering and scien-
tific disciplines. But these communities can also include more policy-facing 
researchers and social scientists—especially when the integration of differ-
ent disciplines (social, physical, and environmental) and interdisciplinary 
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whole systems research are concerned (Winskel 2018). Thirdly, the com-
mercial and economic principles of ESI remain underexplored but point 
to the importance of firms and energy market regulators as both shapers 
and potential beneficiaries of ESI (e.g. Farsi et al. 2008).

By bringing socio-technical infrastructures and these different design-
ers and builders into a sharper focus, our perspective in this chapter joins 
and complements a particular approach of many of the texts in this edited 
book (Higginson et al. 2018, Chap. 5 in this collection; Genus et al. 2018, 
Chap. 9; Middlemiss et al. 2018, Chap. 2) and recent SSH discussions. 
This approach is the study of the meanings, competences, and materialities 
(e.g. household technologies and objects) underpinning social practices 
such as everyday energy use (Shove et al. 2012). The seamless web con-
cept is also deeply interested in the everyday lives and practices of energy 
consumers but in a specific way. Its point is not to separate social practices 
and the energy system ‘out there’ but to view everyday life in the way in 
which problem-solvers of systems integration might see it. This means 
closely considering how the practices of energy users are anticipated and 
included in the design of more integrated system, whether it be in their 
technical specifications, inputs to whole energy systems models, or associ-
ated political values, standards, or legislations. Everyday life has a clear 
dynamic of its own that needs to be studied in its own ways and contexts; 
its integration and interaction with other energy system ‘components’ of 
various kinds are what concerns the seamless web approach in particular.

7.3  FrameWorkS For energy SyStemS IntegratIon

Like other contemporary energy terms—such as ‘smart grids’—there is no 
single universal definition for Energy Systems Integration. Having said 
that, experts constantly associate specific values and valuations to more 
integrated energy systems, which are highly suitable for SSH interrogation 
as we show here. ESI, in its different guises, implies going beyond the 
limits of established organisational, jurisdictional, technological, and 
knowledge boundaries, which have framed centralised energy systems in 
Europe and other industrialised countries. This will be problematic for 
some actors, who may resist such changes; but it may also provide oppor-
tunities for other actors to reshape boundaries and create and capture the 
new sources of economic value which, according to the outputs of whole 
systems modelling, will arise from this integration.
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In general, ESI is an emerging policy concept, with raising industrial 
interest, and with research being built around it as we speak. But it is also 
important to highlight that the concept has demonstrable interpretative 
flexibility (Pinch and Bijker 1984): different research initiatives may think 
of and interpret ESI differently, even offering very different designs for 
building these systems. It is not yet clear whether a coherent view on ESI 
will emerge or whether it will be constituted by many local and potentially 
incompatible interpretations. These interpretations can be imbued by very 
different social and political values: as SSH scholars know, energy technol-
ogy is often designed in a way that enacts certain political goals. For exam-
ple, in the European context, the values have ranged from grand visions of 
energy integration to pragmatic considerations of its technical and eco-
nomic impacts and benefits (Bolton et al. 2018).

With these values and goals in view, the idea of ESI embeds the idea of 
a very inclusive energy system connecting everything. It also embeds the 
idea that incumbent infrastructures such as large gas and electricity distri-
bution grids do not become redundant in the face of energy innovation. 
Rather, they can latch onto innovative energy technologies such as small- 
scale renewables and advances in ‘smart grids’ and other transitions that 
the systems are facing. Indeed, influential definitions very closely associate 
the value of ESI in minimising environmental impact (O’Malley et  al. 
2016) and hence energy transition. In so doing, systems that have already 
grown and become consolidated can find a new pathway by being more 
integrated with other emerging more sustainable energy systems. Finally, 
ESI seems to embody certain preference for system authorities and con-
trollers—actors not as prominent for decades with the aspiration of liber-
alising infrastructure industries. More than market-based management, 
energy integration is an active process that actors partake in. Their role is 
coordinating this process including real-time operation and long-term 
planning. A major role will be played by analysers and designers of inte-
grated systems that are meant to influence industries and policymakers, 
who we term systems integrators in this piece.

Very different system goals can be fulfilled by this ESI drawing upon 
various principles. One apparent goal follows an engineering logic. Here, 
ESI is done to optimise the inputs and outputs of infrastructure, where the 
isolation of energy carriers has led to resource inefficiencies, and better 
preplanning of these synergies would help realise the current energy tran-
sition. Another is a market policy logic. This logic is not directly about 
infrastructure but about how to organise the power market on a large scale 
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so that it has energy resources and a large number of participants to enable 
competition and lowering prices. Both logics constitute a challenge to the 
national energy sovereignty logic, which drives many policy decisions in the 
EU and nationally (Szulecki and Westphal 2014; Szulecki and Kusznir 
2018).

These logics are obviously different, but they can also overlap especially 
in the aspiration to optimise future energy systems. The term techno- 
economic modelling captures models of integrated systems that optimise 
energy systems for minimum costs and maximum welfare. One frequently 
used example of this is the TIMES model, which, as the Scottish 
Government (2016, p.  1) points out, is both ‘a technical engineering 
approach and an economic approach’. This dual approach feeds into ask-
ing how much will the energy transition, for example, integrating an 
increasing amount of renewable energies in the power grid, cost to our 
society.

7.4  ScaleS oF energy SyStemS IntegratIon

The values and logics of ESI are opened further by paying close attention 
to the variety of scales that they produce. All infrastructures embody mul-
tiple scales—power infrastructure, for example, exists at each household 
but also in utilities and transnational markets (Edwards 2003)—and one 
question for analysis becomes at which scale are we exploring the infra-
structural system (Goldthau 2014). Another related concern, as scholars 
highlight in this edited collection, is that scales are not just fixed like 
administrative categories but produced by the very work of scaling via 
social processes, power, and contestation (Bridge et al. 2018, Chap. 11 in 
this collection).

With respect to ESI, there are many ways to do such scaling work. 
Integration of energy systems can happen across national borders, as well as 
across regions. The problematic of EU energy islands that lack interna-
tional electricity or gas interconnectors to the EU’s single energy system is 
one example of this scaling—where scale draws boundaries around regions 
and represents them as isolated from other scales. There is also integration 
across energy carriers—for example, hydrogen with gas—whether on a 
regional or supranational level such as the North Sea countries. 
Furthermore, energy integration can happen across urban infrastructures, 
on specific areas like a city, concerning how electrification comes together 
with heating or public transportation, for example. These scales are not 
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fixed but change as the systems change; certain scales can be prioritised 
over others, depending on who controls the integration process.

On the other hand, at least as far as the EU and the power sector are 
concerned, a key reason for an apparent failure to achieve full ESI has been 
that processes of techno-economic and political integration have been hap-
pening at different speeds and, to some extent, at different scales, creating 
a disconnect. The former involves the building of the internal electricity 
market, with its infrastructural and procedural elements such as transmis-
sion lines, international interconnectors, market-coupling schemes, mod-
elling of physical electricity flows, transfer of statistics, and common 
network codes. The elements of these processes are gradually put into 
place in the EU. The latter involves EU-level energy policy integration, 
which accelerated about a decade ago with the Third Energy Package 
(European Parliament and Council 2009) and led all the way to the Winter 
Package (European Commission 2016) following the Energy Union 
framework (European Commission 2015)—see, for example, Szulecki and 
others (2016). While obviously very closely related, it is testimony to the 
relevant problem-solving practices how often these two realities of inte-
gration stay apart. The recent Norwegian political debates and protests 
against ACER—the EU’s official energy regulatory agency—offer an 
uncommon glimpse into a situation where techno-economic integration is 
actually associated with critical questions on centralised decision-making, 
power, and national sovereignty.

This leads to the final elephant in the room that needs to be addressed, 
especially when we speak of European Energy Systems Integration, the 
national scale. The centralised systems we have today were the result of 
choices made about scales, both explicit in political decisions and in busi-
ness models and implicit in regulatory frameworks, industry codes, and 
engineering practices. From a techno-economic point of view, energy sys-
tems have very rarely respected national borders. The notion of national 
energy systems emerged only in the early 1910s, when many important 
cross-border micro-regional systems where already in place—and on the 
initiative of nationalistically minded governments (Schot and Lagendijk 
2008). The engineers and managers of energy systems have sought for 
increased efficiency by integrating power resources across national borders, 
via synchronised power grids like Central Europe (Lagendijk 2008) and 
single power markets like the Scandinavian Nord Pool (Silvast 2017). From 
a more political point of view, however, states have almost always been 
tremendously important in matters of energy security of supply—that is, 
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‘keeping the lights on’—and the exploitation of energy resources. The 
power sector was perhaps the last to be ‘overtaken’ by national govern-
ments, once borders between systems were drawn and utility monopolies 
emerged as the most popular business model for national energy provision 
(Bakke 2016).

The EU’s Lisbon Treaty (Treaty of the Functioning of the European 
Union 2012) Article 194, which formally defined EU energy policy for 
the first time, even directly reflects this by making energy a shared compe-
tence between the EU institutions and the members (Szulecki and Westphal 
2014). This principle means that the EU will act on energy policy in the 
areas of single markets, sustainability, and European security of supply. But 
other areas such as the use of national energy resources are decisions by 
the member states and can be fully legislated by them.

To sum up, we need to open up a discussion about the political dimen-
sions of energy system scales. We need to interrogate at which scale(s) 
Energy Systems Integration is taking place and the implications of this. In 
so doing, SSH researchers need to be careful not to presume that the 
nation state will be the leading actor in matters of integration and to be 
alert as to how ESI might challenge the dominance of the national scale 
and create new cross-scale linkages.

7.5  concluSIon: toWardS a SocIal Study oF energy 
SyStemS IntegratIon

If ESI is to unfold as a research concept and a policy idea, there needs to 
be space made for a well-developed socio-technical perspective on its log-
ics and practices. This implies reaching a number of related research goals. 
For one part, the socio-technical aspect of ESI is closely linked with devel-
oping a better understanding of energy consumption practices in inte-
grated energy systems. The public reservations to infrastructure expansion, 
something which ESI often implies, offer an apparent example of how 
these issues can bite back if they are not sufficiently attended. SSH 
researchers can bring the ‘seamless web’ about by diagnosing and under-
standing these kinds of reservations. A considerable amount of work done 
under the banners of ‘energy justice’, ‘energy democracy’, and political 
participation (e.g. Jenkins et al. 2016; Szulecki 2018) has already made 
policymakers and engineers more aware that they themselves and energy 
technologies do not function in a socio-political vacuum.
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At the same time, many benefits of ESI may actually not be achieved 
because of a mismatch between broader techno-economic dynamics and 
political and social processes. This situation calls for other tools and 
approaches by SSH researchers: a socio-technical perspective, which is 
more embedded within and engaged with the technical aspects of ESI 
research and practice. Rather than bracketing them out, this research 
should look at and problematise the socio-technical aspects of integrative 
energy systems and their interfaces to society, taking both historical conti-
nuities and discontinuities into account when studying these issues. 
Technical analysts themselves have provided detailed and useful definitions 
of ESI, but we argue their inclusive visions could be complemented with 
questions of socio-technical integration, the different interpretation of 
what this integration is for, and of the production of scale in ESI. Such 
new SSH language on ESI, we argue, is important for any researcher or 
policymaker interested in becoming a systems integrator or merely under-
standing the concept better, all over the world.
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