B
Ly
o
A A
~
ey
F
>y

palgrave»plvot

Strengthening

European Energy Policy
Governance
Recommendations From
Innovative Interdisciplinary
Collaborations

Edited by
Ami Crowther Chris Foulds -
R05|e Roblson Ganna Gladkykh

—
s
>

v
A A
v

D 3

A 4



Strengthening European Energy Policy

“This book provides an insightful perspective on the European energy policy land-
scape from an unexplored angle: interdisciplinary dialogue. It highlights the crucial
role of research and knowledge in policymaking processes and underscores the,
often underestimated, potential of creating connections between Social Sciences
and Humanities (SSH) and Science, Technology, Engineering, and Mathematics
(STEM). This interdisciplinary approach is essential for effectively advancing a
low-carbon energy transition.”

—Marta Arosio, Community Manager, Energy Cities, Belgium

“The book covers a variety of important and stimulating aspects on the Euro-
pean energy transition. By fundamentally appreciating the need to improve the
relationship between citizen needs and energy policymaking, the authors develop
novel solutions and approaches to tackle the non-technical challenges of building a
sustainable future.”

—Martin Baumann, Principal Expert Energy Economics, Austrvian Energy
Agency, Austria

“This book delves into the *how’ of the energy transition, examining what’s neces-
sary to make it happen and offering concrete solutions to garner support and
ownership in a fair and equitable manner. It comes at a crucial time, as the EU
just agreed on revamped energy laws, making it essential reading for policymakers
and all involved in implementing the transition.”

—Christophe Jost, Senior EU Policy Officer, CEE Bankwatch Network,
Belginm

“While we know how societies could technically go about mitigating climate change,
our understanding of how policies could and should make that low-carbon energy
transition fair and beneficial is limited. This book offers distinct perspectives on how
to reduce this cognitive gap by exploiting synergies between the Social Sciences &
Humanities and the Technical & Natural Sciences. It is a concrete basis for further
dialogue both between researchers from such diverse fields, as well as with poli-
cymakers, on how to smoothly navigate the implementation of EU energy policy
goals.”

—Maria Kola-Bezka, Assistant Professor in the Department of Economic
Policy & Regional Studies, Nicolaus Copernicus University in Torun, Poland



“The authors brilliantly navigate the complex landscape of energy transition in
Europe. Through insightful topics focusing on community participation, knowl-
edge dissemination, technology delivery, and policy development, this book ofters
pragmatic solutions for building a sustainable energy future. A must-read for
policymakers, researchers, and anyone invested in the European Green Deal’s
success.”

—Wen Liu, Assistant Professor in the Copernicus Institute of Sustainable
Development, Utrecht University, The Netherlands

“This book is an exciting experiment in bringing together interdisciplinary teams of
Social Scientists, Engineers and practitioners to develop recommendations for the
governance of the energy transition. What I found particularly appealing with the
concise and policy-oriented chapters is that they nicely demonstrate the added value
of combining deep technical knowledge on the details of cyberthreats or energy
models with Social Science insights into questions such as regulatory contexts
or social justice. Instead of broad and general policy advice, we get specific and
concrete recommendations grounded in a profound understanding of the problems

they aim to address.”
—Harald Rohracher, Professor of Technology & Social Change, Linkoping
University, Sweden

“Approaches for addressing climate change, improving energy security, and
unlocking the benefits of renewable energy for households and businesses need
to move beyond technologies and infrastructures, to consider the politics of deliv-
ering a just transition. These approaches need to be shaped by European publics,
rather than imposed on them. This book makes an important contribution to
the debate about how a just transition can be achieved through the presentation
of evidence-based interdisciplinary policy recommendations. By bringing together
Technical and Social Science researchers in new collaborations, it goes beyond
simple debates between advocates of technological and social solutions.”

—Jim Watson, Professor of Energy Policy, University College London, UK
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FOREWORD 1: LOW-CARBON APPROACHES
AT THE CROSSROADS: WHY THE EUROPEAN
GREEN DAL WILL BENEFIT
FROM INTERDISCIPLINARY INSIGHTS

Rosalinde van der Vlies is the Director of the Clean Planet Dirvectorate
in the European Commission’s Divectorate-General for Research and Inno-
vation, and Deputy Mission Manager of the Climate-Neutral and Smart
Cities Mission. Before her appointment as Divector, Rosalinde van der Viies
was the Head of Coordination & Intevinstitutional Relations Unit, and
acting Head of Communication & Citizens Unait. Previously, she held posi-
tions in Divectorate-General Envivonment, Divectorate-General Justice and
Home Affairs, and in the private office of Janez Potoénik, the European
Commissioner for the Envivonment. Before joining the European Commis-
sion, she worked as a competition lawyer in an international law firm in
Brussels and was a part-time teacher at the Catholic University in Brussels.

The European Union (EU) has outlined its ambitions to become
the first climate neutral continent. The achievement of this ambition
is supported through the EU Green Deal which sets out a long-term
roadmap to deliver on the long-term systemic changes required. The
roadmap covers a range of activities across sectors, including climate,
energy, and mobility. At the heart of the EU Green Deal is the commit-
ment to put people first and leave no person (or region) behind.

The contribution of Social Sciences and Humanities (SSH) research to
low-carbon transitions cannot be understated. I am firmly convinced that
we will fail in delivering upon our climate neutrality ambitions without
SSH. SSH research contributes to low-carbon transitions in multiple ways,
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including the development of inclusive approaches, the establishment
of effective communication, and the creation of appropriate governance
structures.

SSH research supports the establishment of an inclusive approach to
achieving the EU’s climate neutrality ambitions. As mentioned previously,
a key component of the EU’s approach to achieving climate neutrality
is that no-one, and no region, is left behind. Inclusiveness is therefore
important to ensure potential disparities and inequalities are addressed.
SSH insights support the establishment of inclusive practices by providing
insight into cultural factors, such as values, beliefs, and identities, and how
these can support green policies and green transitions. Understanding the
different cultures and experiences of individuals is a key component of
ensuring no-one is left behind.

SSH research also supports communication and informs the develop-
ment of effective public engagement initiatives. The incorporation of SSH
insights into the narratives of transition can help convey to the public how
low-carbon transitions are beneficial for the planet, the health and well-
being of individuals, and the economy. SSH also help to demonstrate the
necessity of behaviour changes to deliver on climate change. It is vitally
important that policymakers get support on how to convey messages of
urgency—but also the benefits on the lives of individual people—related
to low-carbon policies. Not only does SSH research support effective
communication related to low-carbon behaviours and practices, but it
also provides insights on how changes will both be experienced and
encouraged.

SSH research does not focus solely on behaviours and socicetal config-
urations; it also provides insights related to policy structures, institutions,
and industry. These understandings can inform practices and help ensure
that the actions undertaken are as effective as possible.

While SSH research and insights play a vital role in achieving the
EU’s low-carbon ambitions, they will have the most impact when inte-
grated with other disciplinary perspectives, including those from Science,
Technology, Engineering, and Mathematics (STEM). Most solutions for
achieving low-carbon ambitions are situated at a crossroads: these solu-
tions are not linked to a single sector or disciplinary background, rather
they overlap between sectors and require the integration of different
knowledge and perspectives. Bringing together different experts and
experiences when developing approaches is essential to find innovative
approaches to tackle climate change, undertake the energy transition, and
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establish sustainable mobility. Yet, in order to achieve all this, there is
the need to continue breaking the silos in which research is undertaken
and communicated. As such, interdisciplinarity between SSH and STEM
needs to be promoted and supported.

Not only is there the need for interdisciplinarity between research
disciplines, but there is also the need to have collaboration and commu-
nication between different actors. Achievement of low-carbon ambitions
requires interactions between SSH researchers, policymakers, and more
technical and naturalistic disciplines. Policymaking needs to become more
comprehensive and interdisciplinary in order to advance transitions, avoid
duplications, and maximise impact through involving different people.
The interactions between policy and research are critical as research
and innovation activities need to be supported by the regulatory frame-
work, with the regulatory framework also needing to be aware of the
research and innovation activities undertaken to enable updates. Within
policymaking, we need to continue to break those silos, adopt more
interdisciplinary approaches, and make sure to bring along the societal
dimension of the transition.

The collective intelligence across the three SSH CENTRE books—
bringing together more than 150 researchers from more than 23 coun-
tries—is inspiring. The collaborations underpinning the chapters show
how we should be working and are a starting point for breaking
down silos. I really believe that collaborations between Social Scientists,
Humanities researchers, and researchers from more technical disciplines
are key to advance low-carbon transitions. In order to achieve climate
neutrality, there are many challenges to overcome, but the insights
presented within these chapters and the expertise of the chapter authors
can support the establishment of effective solutions, help break down
barriers, and accelerate pathways to a sustainable and prosperous future.

Brussels, Belgium Rosalinde van der Vlies



FOREWORD 2: BEYOND TECHNOLOGY:
TRANSCENDING DISCIPLINARY BOUNDARIES
TO ACHIEVE MORE SUSTAINABLE ENERGY
SYSTEMS

Leen Govaerts s the Director of Water & Energy Transition ar VITO
and is o board member of EnergyVille—a vesearch collaboration between
the Belgian veseavch partners KU Leuven, VITO, imec and UHasselt in the
field of sustainable energy. She is also acting chair of BERA, the Belgian
Energy Research Association, and is vice-president of EERA, the European
energy vesearch association. At VITO, Leen initinted the programme on
international climate services which focuses on establishing international
partnerships on climate and sustainable development to support capacity
building. She holds a master’s degree in business engineeving (KULeuven,
1995) and an Executive MBA (Antwerp Management School, 2018).

I started my journey in energy research as a young Economics grad-
uate at VITO, an applied research and technology organisation, at the
end of the twentieth century. It was a time when a wave of Economists
came into the research institute to join forces with Engineers, Chemists,
and Material Scientists. It swiftly became evident that while we could
develop the most advanced technologies imaginable, without the requisite
economic rationale and supportive policy framework, widespread market
adoption would not happen. This was why I studied Economics and Busi-
ness Engineering: not only to grasp the basics of engineering but also
to comprehend the business dynamics necessary to bring innovations to
market and society.

ix
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Over the years, the interdisciplinary nature of our research institute has
flourished. Sociologists, Political Scientists, Psychologists, Linguists, and
Communication Specialists now constitute a significant portion of our
institute’s expertise, collaborating with Engineers, Chemists, Geologists,
ICT Specialists, and other Science, Technology, Engineering and Mathe-
matics (STEM) professionals. Yet the collaboration opportunities are not
always obvious. To support collaboration, we need to create a mutual
understanding of the sustainability challenges and solutions to navigate
together the transitions towards a resource-efficient and climate-resilient
economy and society. To support the transition towards a more sustain-
able economy, there’s the need for the different disciplines to understand
each other’s vocabulary and research instruments.

The imperative role of Social Sciences and Humanities in fostering the
transition to sustainable and climate-resilient energy and mobility systems
cannot be overstated. Take, for instance, the challenge of enhancing the
energy performance of our building stock. While many innovations and
technologies are market ready, the pace of renovation lags the pathway
needed to achieve net-zero targets by 2050. Community-led energy initia-
tives offer interesting opportunities for progressing sustainable energy
transitions. By investing in local renewable energy production, citizens
can drive change, but with the right expertise, ancillary benefits can be
harnessed. In my own community, I started an energy cooperative along-
side local enthusiasts. Together, we mobilised citizen capital to invest in
solar power installations on the roofs of public buildings and local compa-
nies. Soon, we realised that we should go further to increase our impact.
Collaborating with social workers, the cooperative expanded its activi-
ties to encompass renewables and other renovation measures for socially
disadvantaged households, empowering them to access renewable energy
benefits and contribute to a just transition. The energy transition will not
be sustainable if only those who have the capital can benefit from the
financial and comfort gains it brings.

Yet, the significance of Social Sciences and Humanities extends far
beyond technology acceptance and adoption. We are the first genera-
tion to confront the tangible impacts of climate change and the last
with the capacity to mitigate global warming. Achieving a low-carbon
energy transition is challenging and complex as technologies are, and
will continue to be, intertwined with everyday life—for example, locally-
produced renewable energy, digitalised smart appliances, smart grids to
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accommodate flexibility, and new high-voltage lines bringing offshore
electricity production inland.

Translating this complexity into clear, accessible evidence-based
insights is a priority. In these tumultuous times, marked by geopolitical
conflicts, energy crises, and climate disasters, citizens often exhibit risk
aversion and resistance to change. Conservative populist voices, thriving
on fake news and propagating climate scepticism, gain traction and
reduce support for sustainability transitions, for example by attributing
unaffordable energy prices to initiatives like the European Green Deal.
Engaging citizens in positive thinking about the sustainability transi-
tions and persuading them to invest in the present and future well-being
of generations to come is paramount. Social Sciences and Humanities
research can have a substantial contribution to support positive thinking
and engaging citizens.

I have always championed the transformative power of technology
in shaping a sustainable and equitable world. However, to ensure its
impact in enhancing the well-being of global citizens, we must draw
upon the creative insights of Social Sciences and Humanities. I extend
my gratitude to the authors for their contributions to interdisciplinary
discourse and hope that this book serves as a catalyst for researchers and
sustainability practitioners to transcend the borders of their disciplines and
collaboratively forge a brighter future.

Antwerp Metropolitan Area Leen Govaerts



PREFACE

How can research support better energy policy in Europe, for a fair, reli-
able and low-carbon energy future? This book is built on the premise
that energy issues are never only social or only technical in nature, but
instead require researchers from Computer Science to Sociology having
the tools to be able to work together eftectively. While Social Sciences
and Humanities (SSH) energy research has received less funding to date
than Science, Technical, Engineering, and Mathematics (STEM) energy
research, as we get to the sharp end of trying to implement policies to
meet challenging carbon targets, there is growing recognition that social
challenges and solutions need to be better embedded in technical recom-
mendations, and vice versa. The importance of improving SSH-STEM
interdisciplinary practice therefore cannot be understated.

As editors, we have had a range of interdisciplinary energy journeys
spanning social and technical disciplines. These include: moving from
Environmental Sciences to critical Environmental Social Sciences, as part
of becoming disillusioned by notions of objectivity and magic-bullet
technologies; making a radical shift from a PhD in Applied Mathe-
matics to undertaking qualitative research on the emotional undercurrents
of climate (in)action; specialising in Human Geography before starting
to engage with other Social Sciences perspectives; and transitioning
from Economics to Systems Science and interdisciplinary energy systems
modelling/analysis. Indeed, our experiences have shown us there can be

Xiii
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just as much variety (and epistemological disagreement!) within SSH or
within STEM as between one and the other.

This book is a core output from the Horizon Europe project SSH
CENTRE: Social Sciences and Humanities for Climate, Energy, and
Transport Research Excellence. Each chapter represents findings from a
novel collaboration between the social and technical sciences which was
catalysed and funded by the SSH CENTRE. These experiments in collab-
oration build on a legacy of previous initiatives which have sought to
strengthen links across and within SSH disciplines (described further in
section 1.3), with the inclusion of STEM as co-lead for every chapter
being a new ingredient for this initiative.

We wanted to make the call for chapters appealing to both SSH and
STEM researchers, and to help with this asked individuals from both
communities to review the call text. Even this part of the process high-
lighted how key terms are interpreted, and used, differently across disci-
plines. This is just one of the challenges of conducting interdisciplinary
research, with others including framing the problem, and determining
the methodology. The policy recommendations in this book have been
produced by collaborative teams that have bridged disciplinary bound-
aries—this has involved significant efforts and we greatly appreciate the
work that has been undertaken.

Fundamentally, this book is aimed at Strengthening European energy
policy through better interdisciplinary research. It is part of a three-
volume collection; the other volumes focus on recommendations for
climate policy and mobility policy. All three are available open access.

Cambridge, UK Ami Crowther
Cambridge, UK Chris Foulds
Cambridge, UK Rosie Robison

Brussels, Belgium Ganna Gladkykh
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Humanities (SSH) and the technical sciences (Science, Technology, Engi-
neering and Mathematics (STEM)) provides opportunities to identify
policy approaches which challenge the status quo, supporting low-carbon
energy transitions. This book includes interdisciplinary recommendations
for relevant EU energy strategies—a total of 10 recommendations, split
into four parts, are presented. This chapter includes a breakdown of the
book’s chapters and its overall narrative. The chapter closes with tips on
how to read the book as a whole, as well as the individual chapters it is
composed of.

Keywords Interdisciplinarity - Dialogue - Collaboration - EU policy -
Research & innovation

1.1 CurreNnT EU ENERGY PorICY AMBITIONS

Over the last 10-20 years, the European Union (EU) has become
increasingly interested in decarbonising its energy system. Whilst we
are not going to comprehensively narrate the evolution of EU energy
policy across this timeframe—such as unpacking the relationship between
current policies and their predecessors, e.g. EU Energy Union (Euro-
pean Commission, 2015) and Clean energy for all Europeans (Euro-
pean Commission, Directorate-General for Energy, 2019)—we do feel
it worthwhile to articulate the diversity of policies established by the
EU to support low-carbon energy transitions. The EU is a global leader
in energy policymaking, with this providing multiple opportunities and
avenues through which researchers can engage with energy policy.

The flagship EU Green Deal is a set of policy programmes that address
an array of European sustainability and environmental challenges—within
this, updated commitments have been made to drive progress on both
energy demand and supply matters. For example, the EU Green Deal
triggered the development of the: European Climate Law (European
Union, 2021), which established a framework for the EU achieving
carbon neutrality by 2050; and, the Renovation Wave Strategy (Euro-
pean Commission, 2020), which, set out to reduce barriers to energy
and resource-efficient renovation, and included, for example, ambitions
to at least double the annual energy renovation rate of residential and
non-residential buildings by 2030. EU Green Deal commitments also
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led to the ‘Fit for 55’ package of legislation, which primarily involved a
range of updates to existing energy-related EU Directives, such as Energy
Efficiency Directive (European Union 2023a); European Performance
of Buildings Directive (European Union, 2024); and Renewable Energy
Directive (European Union, 2023b).

This ambitious work has been built on further, following Russia’s inva-
sion of Ukraine, which heightened European concern around energy
security. Indeed, this led to the introduction of REPowerEU (European
Commission, 2022), which focused on increasing the resilience of the
energy system within Europe, and included actions to diversify energy
supply and accelerate the clean energy transition.

As shown here, policies are continually built upon with new nuances,
in response to developments within the EU and shifts in the geopo-
litical landscape. The pace of policy development and the urgency in
which those policies need to be delivered on-the-ground is also clear.
We take the view in this book that the achievement of stated ambitions
requires more than the adoption of new technologies; rather, there is a
need to rethink how the energy system operates. As part of this, gover-
nance approaches should accommodate multiple stakeholders, address
conflicting interests, and foster integration between countries. It is exactly
in these ways that calls for interdisciplinarity come to the fore.

1.2 TaE NEED FOR INTERDISCIPLINARY
COLLABORATION TO MEET COMPLEX
EUuroPEAN ENERGY CHALLENGES

When this book refers to ‘interdisciplinarity’, we are referring to the
integration of Social Sciences and Humanities (SSH) and Science, Tech-
nology, Engineering, and Mathematics (STEM) perspectives. This is not
to say that interdisciplinarity does not occur within SSH or within
STEM fields (and is not of value), but the scope of this book firmly
focuses on what can be achieved through SSH and STEM working
together. SSH disciplines! include Sociology, Psychology, Human Geog-
raphy, Law, Philosophy, etc.; and STEM disciplines include Physics,
Computer Science, Civil Engineering, Climate Science, Geology, etc.

1 See Foulds and Robison (2018, pp. 3—4) for a distinction between the energy-related
Social Sciences and energy-related Humanities.
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Increasingly, European policymakers are calling for the research and
innovation (R&I) they fund to better integrate STEM and SSH.
Indeed, European Commission commitments to ‘mainstreaming SSH’
(i.e. embedding SSH within the proposal template) or ‘flagging SSH’
(i.e. labelling calls that are particularly relevant for SSH perspectives)
have become embedded in the EU’s recent Framework Programmes.
However, we argue that SSH is often not taken seriously by STEM
researchers running EU-funded projects. More broadly, policymakers
often have a preference for STEM-led knowledge, which is deemed to be
more objective, quantitative, instrumental, and technologically-grounded
(Royston & Foulds, 2021).

Therefore, despite attempts to have more interdisciplinary R&I, STEM
perspectives continue to dominate the evidence base behind Europe’s
low-carbon energy transition. Across EU Horizon2020, SSH partners
received 16% of funding in energy R&I projects (European Commis-
sion, Directorate-General for Research and Innovation, 2023). Indeed,
the European Commission’s approach to innovation is fundamentally
technological; for example, social innovation is backgrounded by the
prioritisation of Technological Readiness Levels. All this means that
much SSH-STEM collaboration can be weak, tokenistic, and /or overtly
mainstream, to thus align with dominant R&I expectations. SSH has
traditionally played a subordinate role to STEM (Kropp, 2021; Silvast &
Foulds, 2022).

Without the meaningful integration of a range of SSH perspec-
tives, energy-related R&I will continue to lack due attention to, for
example, social practices, social values, institutional dynamics, materi-
ality, and social justice (Foulds & Robison, 2018; Ingeborgrud et al.,
2020). SSH perspectives can support the shift to alternative energy gover-
nance, (infra)structures, and transitions, by providing insights into social
phenomena that organise how people interact with the energy system,
and by incorporating questions of equity and fairness (Foulds & Robison,
2018). These insights are increasingly pertinent as low-carbon energy
transitions provide opportunities to radically rethink energy systems and
practices, for example by providing opportunities to increase the number
of actors participating in the energy system, support energy democratisa-
tion, and expand distributed energy generation.
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1.3  STIMULATING NOVEL INTERDISCIPLINARY
COLLABORATIONS THROUGH THIS Book PROJECT

Meeting the EU’s energy policy ambitions will require new policy
approaches, which may significantly challenge the status quo. Thus, truly
innovative interdisciplinary research, that integrates SSH and STEM disci-
plines, could play a fundamental role in Europe achieving its energy policy
ambitions. Through this book project, we wanted to create a funded
opportunity for such novel interdisciplinary collaborations. As such, the
aim of this book project is to generate concrete interdisciplinary recom-
mendations for relevant EU energy strategies, by bringing social and
technical disciplines together on a more equal footing.

In doing so, this book looks beyond the issue of SSH fragmentation, to
focus on interdisciplinary SSH-STEM collaborations. SSH fragmentation,
i.e. the challenge of bringing together researchers from different SSH
disciplines, has been addressed in-depth in previous initiatives we have led.
These initiatives include the open access book, Advancing Energy Policy
(Foulds & Robison, 2018), which brought together 50 researchers across
a variety of SSH disciplines for the SHAPE ENERGY project. Further, we
ran four Energy-SHIFTS Working Groups that sought to include a wider
diversity of SSH expert voices in setting future R&I agendas for Renew-
ables (Krupnik et al., 2022), Smart Consumption (Robison et al., 2023),
Energy Efficiency (Foulds et al., 2022), and Mobility (Ryghaug et al.,
2023).

By expanding upon this previous work on SSH fragmentation, to
focus on developing SSH-STEM collaborative practices for EU-level
energy policy, this book has a dual-purpose: firstly to showcase and
disseminate important policy-relevant recommendations; but secondly
to understand processes of cross-fertilisation between the SSH-STEM
collaborators, and how these processes can support the development of
policy recommendations.

1.4 OVERVIEW OF THE FOUR PARTS
OF THE BOOK AND CONSTITUENT CHAPTERS

The chapters of this edited collection have been grouped into four Parts:
(1) Navigating community participation; (2) Navigating knowledges for
the built environment; (3) Navigating the delivery of new technologies;
and, (4) Navigating models for policy development. These Parts were
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not pre-defined, rather they emerged from the contributions from the
different chapter teams. The emergent nature of these themes, the inten-
tion to start dialogue, and the complexity of interdisciplinary work are
why the Parts focus on ‘navigation’—in that, the chapters within each
of the Parts are not concrete, rather there is a flexibility and an evolving
nature to policy recommendations depending upon the broader context
they are situated in.

Part I on Navigating community participation includes chapters that
focus on how community engagement with renewable energy projects
and technologies can support positive social outcomes. The chapters
posit that citizens need to be engaged in energy projects in order to
achieve the EU’s low-carbon ambitions, and set out approaches that give
communities the opportunity to share their views.

Mey et al. (Chapter 2) call for greater support to be provided for
community-led renewable energy initiatives, including both governance
mechanisms and digital planning tools. They argue that the leveraging of
different instruments at different scales will help unlock the potential of
community energy in the EU. Both Rohse et al. (Chapter 3) and Biischer
et al. (Chapter 4) focus on the opportunities for geothermal energy
in achieving the EU’s low-carbon ambitions. Rohse et al. (Chapter 3)
recommend greater societal engagement in relation to geothermal devel-
opments, including at the project level, but also by regional and EU poli-
cymakers and geothermal operators. Whereas Biischer et al. (Chapter 4)
focus more on the actions that can be undertaken to support the estab-
lishment of geothermal energy communities, referencing the need to
involve local people in decision-making processes and facilitating proactive
behaviour to support the implementation of energy communities both in
the EU and in Africa.

Part II on Navigating knowledges for the built environment includes
chapters focusing on the knowledge required to achieve the EU’s energy
ambitions, highlighting different knowledges required to participate in
different aspects of the energy transition. The chapters reflect on the
importance of how knowledge is framed and shared. Knowledge is consid-
ered critical for supporting meaningful and informed participation in the
energy system.

Calver et al. (Chapter 5) focus on energy literacy and the need to
ensure that citizens have the knowledge to meaningfully participate in the
energy system. The chapter sets out different elements and aspects that
would support citizen comprehension. Whilst Macrorie et al. (Chapter 6)
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comment on the need for (re-)training programmes to ensure a diverse,
skilled workforce able to support the achievement of EU and National
retrofit targets. As part of this, they set out the opportunities of situating
knowledge within defined contexts and the establishment of appropriate
regulation and training.

Part 111 on Navigating the delivery of new technologies includes chapters
on how policies are designed to support shifting energy systems. These
chapters outline constituent policies that support both the delivery of new
renewable energy technologies, and the digital infrastructures that are in
themselves a new form of technology (whilst assisting the rollout of other
technologies).

Derin-Giire et al. (Chapter 7) focus on agrivoltaic technologies and the
need for an integrated policy framework to support the deployment of this
technology. They argue that definitions, funding, and public engagement
are critical elements. Clain et al. (Chapter 8) comment on the impor-
tance of public social acceptability for the rollout of renewable energy
technologies. As part of this, they set out actions that can be under-
taken to facilitate public acceptance. Mersni et al. (Chapter 9) call for
greater consideration of how digital energy infrastructures can be safe-
guarded against cyberthreats. Approaches to support this include training
programmes and the use of Artificial Intelligent (AI) technologies.

Part IV on Navigating models for policy development includes chap-
ters which argue that models can support decision-making and inform
policymaking practices, to help achieve EU energy policy ambitions. The
chapters outline how models can integrate SSH insights and different
perspectives, as well as the opportunities of doing so.

Buylova et al. (Chapter 10) demonstrate the opportunities for multi-
criteria models to support decision-making in relation to energy infras-
tructures. By providing the space for stakeholders to comment on the
model, they give insight into how and when the model could be used to
support decision-making. Siisser et al. (Chapter 10) reflect on the need to
better incorporate SSH perspectives and diverse voices into the develop-
ment of energy models, adopting a justice lens to frame the discussions. In
doing so, they hope to inform the actions of policymakers and incorporate
alternative understandings alongside the models.
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1.5 Tirs oN How To READ THIS BOOK

The book has been structured to be accessible to a diverse audience. We
hope that the book and its contents will support dialogue on energy
policy, within and across SSH and STEM disciplines, and also between
academics and policymakers.

The book’s chapters are intentionally short, with each chapter having
a clearly defined purpose and message. Each of the 10 ‘core’ chapters
of the book (Chapters 2—11) presents a policy recommendation for EU
energy policy and sets out the evidence used to develop the recommen-
dation. As the purpose of these 10 chapters is to introduce the policy
recommendation, the chapters do not include a detailed literature review
or methodology. Similarly, references are used sparingly to support or
reinforce the arguments being made. Some of the chapters reference
additional materials that support their chapter—these additional materials
have been uploaded to the SSH CENTRE’s Zenodo site. The conclusion
chapter (Chapter 12) provides reflections on how the recommenda-
tion chapters engage with EU energy policy and the interdisciplinary
collaborations that informed the recommendations.

There are also structural consistencies across the policy recommenda-
tion chapters (Chapters 2—-11) to support the accessibility of the book
and to help stimulate dialogue across, and between, disciplines and actors.
Each of the chapter titles are the policy recommendations that the chap-
ters discuss; we hope that this will immediately communicate the headline
messages to the readers from the point of the Contents page onwards.
Moreover, at the start of each of the policy recommendation chapters are
a series of ‘policy highlight’ bullets. These bullet points summarise how
the chapter’s overall policy recommendation can be achieved and refer-
ence the interdisciplinary activities that informed the recommendation’s
development. The conclusion section of the policy recommendation chap-
ters expands upon each of these bullet points. Thus, we hope it is possible
to get an overarching understanding of the policy recommendation by
reading only the policy highlights at the start and the conclusions at the
end.

The Forewords and Afterwords that book-end this book also facili-
tate dialogue on STEM-SSH (and wider) collaborations for low-carbon
energy futures in Europe. The Forewords present the perspectives of two
invited individuals, reflecting upon the importance of SSH research and
SSH-STEM collaboration. The Afterwords have been written by SSH



1 INTERDISCIPLINARY COLLABORATIONS FOR EUROPEAN ... 11

researchers (Afterword 1), STEM researchers (Afterword 2), a policy
actor (Afterword 3), and members of the SSH CENTRE project’s
Business Advisory Board (Afterword 4) who reflect upon the policy
recommendations presented within the book, situating their reflections
within their experiences and understandings.
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CHAPTER 2

Simplify the Uptake of Community Energy
by Leveraging Intermediaries and the Use
of Digital Planning Tools

Franziska Mey, Kristian Borch, Stephan Bosch,
Benita Ebersbach, Robert Hecht, Lars Holstenkamp,
and Jorg Radtke

Policy Highlights To achieve the recommendation stated in the
chapter title, we propose the following:

e Ensure the follow-up and implementation of EU policy measures,
including by conducting quality assessments and introducing
national community energy targets.

e Foster institutional allies at local and regional levels.
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e Provide access to and capacities for using digital planning tools.

e Nurture knowledge and method integration across STEM and SSH
disciplines to develop practices and tools to effectively implement
community-led initiatives.

Keywords Energy transition - Citizen participation - Local governance

2.1 INTRODUCTION

There is growing consensus that community-led renewable energy initia-
tives play a crucial role for energy transitions delivering on both net-zero
and just transition objectives (Bauwens et al., 2022; Standal et al.,
2023). While moving away from fossil fuels demands collective efforts
from a diverse array of stakeholders at different technology scales, these
decentralised and bottom-up social innovations are commonly cited for
ensuring greater citizen participation (Bielig et al., 2022; Creamer et al.,
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2019). This is not only crucial for ensuring public support and accep-
tance of renewable energy projects, it also helps to promote sustainable
energy intentions and behaviours, creating social norms that accelerate
the energy transition locally (Sloot et al., 2018). Indeed, the last decade
has seen a growing number of communities and citizen initiatives taking
a more active role in the decarbonisation of the energy system, in terms
of generation, consumption, and distribution, across both rural and urban
regions of Europe. Currently, the European Federation of Citizen Energy
Cooperatives has a network of 2250 initiatives operating across Europe,
jointly representing over 1.5 million citizens (REScoop, 2024).

Community-driven solutions have a great appeal as they can add
further renewable generation capacity into the energy mix, with
this increasing the flexibility of the energy system, and diversifying
the actor base and decision-making authority beyond the traditional
centralised incumbents. In fact, non-technical benefits dominate the
current narrative, which outlines the positive impacts and abilities of
such initiates to integrate citizens’ needs and opinions, mitigate resistance
against transition measures, provide fairer models of prosumership, and
strengthen democratic control and energy justice.

The narratives of the social impact have particularly shaped the concep-
tualisation of community-led energy initiatives and their perception for
instigating a new relationship between society and its energy system.
Hence policymakers from the European Union (EU) have acknowl-
edged the importance of providing a legal framework with two variants
of community energy actions—‘Citizen Energy Communities’ (CEC)
and ‘Renewable Energy Communities’ (REC)—as further explained in
Table 2.1, which details the broader understanding of the concept in
the literature across purpose, governance, and activity types (European
Union, 2023).

Although these acknowledgements are notable, and researchers, as well
as policymakers, are increasingly well-versed in what community energy
should mean (Creamer et al., 2019), challenges do persist when it comes
to implementation, practice, and impact. In fact, the accelerated pace of
the energy transition increases the risk of perpetuating existing structural
inequalities and falling short on achieving a democratic just transition.
Consequently, much still needs to be done to catalyse growth in the
community energy sector and to leverage positive social benefits. Yet,
we acknowledge that the transition to a decentralised renewable energy
supply does not inherently guarantee a fairer, more gender-equitable,
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Table 2.1 Definitions of community-led energy initiatives by the European
Commission (Inspired by European Union, 2023)

Terms Citizen Energy Community Renewable Energy Community
(CEC) (REC)

Governance and A legal entity that is based on A legal entity that, in

members voluntary and open accordance with the applicable
participation, effectively national law, is based on open
controlled by shareholders or and voluntary participation,
members who are natural autonomous, effectively
persons, local authorities, controlled by shareholders or

including municipalities, or small members that are located in the

enterprises, and micro-enterprises proximity of the renewable
energy projects that are owned
and developed by that legal
entity; the shareholders or
members of which are natural
persons, SMEs, or local
authorities, including
municipalities

Purpose Both share the purpose to provide environmental, economic, or
social community benefits for its shareholders, members or the
local areas where they operate, rather than financial profit

or more inclusive system. Socio-demographic and structural inequalities
(including those related to income, education, and health) will persist,
even in greener and more ecological systems, unless politics, business,
and society actively address these disparities and prioritise the needs and
preferences of the public. We posit that community-led initiatives offer
the potential to address these issues.

In this chapter, we draw upon interdisciplinary insights across
Geographic Science, Political Science, Psychology, and Economics, and
incorporate valuable feedback from practitioners and advocates. We
therefore bridge across the Social Sciences and Humanities (SSH) and
Science, Technology, Engineering, and Mathematics (STEM) disciplines
to emphasise the political contexts, governance factors, and spatial analyt-
ical techniques necessary to foster community-led initiatives. The insights
were gathered in an expert workshop in late-2023 (Mey et al., 2024a),
which served to align our understanding of the subject, as well as
brainstorm and prioritise recommendations, while building on data and
knowledge gained across a broad range of research projects, including:
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e Studies analysing the socio-economic dimensions of community
energy projects, in particular their motivation, participatory prac-
tices, governance structures, and impacts (Holstenkamp & Kahla,
2016; Mey et al., 2022; Radtke, 2014).

e Rescarch projects to understand the role of individual community
energy actors as prosumers in the energy transition (EU Horizon
2020 project, PROSEU).

e Analysis of regional added value and financial benefits of community-
led initiatives to support structural change processes (Energy
Communities: Structural Policy & Participation [BE:ST1).

e Research linking to the spatial dimensions of the energy transi-
tion and the emphasis of participatory arrangements as crucial for
establishing landscape democracy (CIVIC Renewables).

e Geographic Information Systems (GIS) technology-based research,
highlighting an actor-centred approaches in spatial optimisation and
energy modelling.

e Global initiatives like the Colouring Cities Research Programme
and the Colouring Cities open data platforms (Hecht et al., 2023),
gaining insights how to utilise web-based tools in a citizen’s science
approach for energy data gathering.

The initial and revised versions of this chapter were circulated among
practitioners, as part of an open feedback process in early 2024, with their
input used to refine the subsequent text.

Our aim is to offer energy policy recommendations to the EU and its
Member States, to enhance the resilience of community-led energy initia-
tives, and to provide suggestions on: how to fully unlock their potential
by leveraging various instruments at different governmental levels; and,
access to information resources.

2.2  STRENGTHEN COMMUNITY-LED
RENEWABLE ENERGY INITIATIVES

2.2.1  Ensuve Follow-Up and Implementation of EU Policy Measures

Community energy policies need diligent follow-through, including
instruments for quality assessment. Since the introduction of energy
communities into EU law with the adoption of the ‘Clean energy for all
Europeans’ legislative package in 2019 (European Commission, 2019),
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the EU has started several initiatives to strengthen collective initiatives
in the energy sector. These include policy proposals as part of the Solar
Energy Strategy (European Commission, 2022), as well as research and
technical assistance in the context of the Energy Communities Repository
and the Rural Energy Communities Advisory Hub (European Commis-
sion, 2023, 2024). Yet, implementation requires genuine follow-through;
the EU must hold Member States accountable for assessing the status of
EU policies for community energy and the evaluation of measures taken.
Here, the introduction of a national target for energy communities could
contribute clear direction, show commitment, and guide decision-making
at various governmental levels.

According to the recast Renewable Energy Directive (RED 1I) (Euro-
pean Union, 2018), Member States shall take out assessments of the
community energy sector in their countries, specifically of barriers and
potentials (RED II, Art. 22 Para. 3). These assessments should then build
the basis of an enabling framework (RED II, Art. 22 Para. 4), which
Member States should set up. In addition to this, Member States could
also use regular assessments to monitor the efficiency and effectiveness
of policy measures. Although the EU legislator has not (yet) defined any
standards nor provided any template for such an assessment, there are
already proposals that exist (Holstenkamp & Kriel, 2022).

An assessment needs to build on data about the current state and the
development of energy communities, ideally disaggregated for different
types of energy communities. In this regard, Member States can partly
build on data provided by national umbrella organisations, through the
Energy Community Repository and/or by European research consortia.
Moreover, as is well known from the evaluation literature, an assess-
ment should build on an impact model or a theory of change (Weiss,
1995). As known from the Management literature (Drucker, 1973),
sensible measurement that provides feedback into the management process
is important—meaning that the process needs to involve the build-up of
relationships (from participation in the energy community sector) to make
sense of the data and manage them in a correct way.

According to the EU Solar Energy Strategy (which is part of the
REPowerEU plan), EU Member States shall ensure to set up at least one
renewables-based energy community in every municipality with a popula-
tion above 10,000 by 2025 (European Commission, 2022). However,
almost all Member States are yet to implement any concrete national
targets for energy communities. Such targets make it easier to follow-up
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and report on developments in the sector, e.g. in the National Energy and
Climate Plans (NECPs). This is why the European Commission stresses
the lack of quantitative targets for energy communities in nearly all its
assessments of NECPs. The structure and format of NECPs laid out in
the Implementing Regulation foresees targets for energy communities.

Clear targets or goals are supposed to create a management tool that
“helpl[...] to ensure the accountability of all stakeholders” (SDSN, 2015,
p- 2). They could direct (political) attention towards energy communi-
ties. What needs to be considered, though, is that indicators also have
political dimensions—again highlighting the importance of embedding
the selection and use of targets into a participatory process.

2.2.2  Foster Institutional Allies at Local and Regional Levels

Since community-led energy initiatives originate at the grassroots-level,
distinct from commercial entities, they often lack the knowledge as
well as the capacity to plan and implement energy projects. Hence
studies have shown that community-led renewable energy initiatives can:
greatly benefit from intermediary organisations enabling learning, skills,
and knowledge transfers; provide capacities and resources; and aggre-
gate impact for stronger local energy activities (Arler et al., 2023; Mey
et al., 2016). This rationale gave impetus for the establishment of one-
stop shops at EU (e.g. Energy Communities Repository) and National
levels (e.g. Spain, Netherlands, France, Belgium, Croatia). An example
is the Coordination Office for Energy Communities in Austria, with the
role to provide practical advice, knowledge, materials, and resources for
new and operating energy communities (Osterreichische Koordination-
sstelle fiir Energiegemeinschaften, 2024). In addition, this institution has
also created regional and local subsidiaries offering personal consultation
sessions.

While we acknowledge positive strides are being made in some coun-
tries, greater action is necessary to support communities at regional and
local levels across most countries in the EU. The last decade has seen an
increasing engagement of particularly local governments in the fledgling
community energy sector, with many local climate and energy initiatives
emerging across the EU. However, these institutional partnerships are
often underfunded and have lower capacities to navigate the complexity of
the energy-related legal frameworks, regulatory instruments, and proce-
dures. We found that these limitations may increase a reluctance to act
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and hinder the brokering role of local government to engage in part-
nerships and collaborations, which in turn may hamper communication,
community cohesion, and trust.

Hence, we argue that while local governments already play a signifi-
cant role in climate action, they often lack the capacities and resources
to take on additional tasks or fulfil their existing responsibilities to a
satisfactory extent. Policies—such as the amendment of the German
Renewable Energy Act 2023 (Section 6 of the Act), which allows wind
energy and open-space photovoltaic projects to financially involve affected
local municipalities in the profits generated—are important developments
and may give these institutions greater scope for action. Consequently,
strengthening local governments and other intermediaries to better facil-
itate community participation in energy planning and energy project
implementation is a crucial step to foster a decentralised, community
accepted, and co-owned energy transition.

2.2.3  Provide Access and Incvease Capacities for Using New
Planning Tools

A growing field of conflict is the selection of sites for renewable energy
projects because legitimate concerns from affected communities are often
neglected in the national legal framings (Borch et al., 2023). These
unmet concerns may spin siting disagreements out-of-control as they
often travel (overflow) to other settings (e.g. social media), escalating into
entrenched conflicts (Borch et al., 2020). Here, it is crucial to optimise
communication processes, providing comprehensive knowledge about the
techno-economic and socio-ecological conditions of selected sites, and
creating transparency regarding regulatory factors to communities.

In the last decade, innovative, user-oriented, web-based planning, and
visualisation tools like GIS have received increasing recognition in plan-
ning and implementing renewable energy projects at local level (Bosch &
Schwarz, 2018). These tools can enable participatory mapping of sites,
political prioritisation of land use, and empower local communities to
navigate competing land use interests.

We argue that community-led initiatives could benefit from utilising
these tools to further strengthen their abilities for an inclusive and
locally informed decision-making process for site selection. However, we
find that these initiatives often face challenges due to limited resources,
capacities, and information for accessing these tools.
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In Germany, a growing movement is advocating for greater trans-
parency and participation in local energy planning. An interesting example
of this is the Bavarian Energy Atlas, which is provided by the Bavarian
Ministry of Ecomomic Affnirs, Regional Development and Energy. While
the digital atlas does not allow for complex spatio-temporal analyses of the
implementation of renewable technologies, it does nevertheless provide
valuable insights into the site potential and planning basis for renewable
energies in the state of Bavaria. In order to get in touch with local actors
and facilitate communication with local experts, important contacts are
also mapped in the atlas. Moreover, users can select individual munici-
palities and calculate local energy potentials. Other participatory planning
tools are also linked to the Energy Atlas, such as the 3D-analyser, which
can be used to place wind or photovoltaic plants in the landscape and
thus provide a visual-aesthetic impression of the specific spatial impact of
renewable energies.

Since these tools make it possible to simulate social, ecological, and
economic environments, we argue that they can highlight trade-offs and
help to make informed decisions at community level. GIS tools assist
in simplifying the complexity of local planning processes and empow-
ering local actors to actively engage in dialogue aimed at transforming
the energy system. This is particularly achieved through the identification
and prioritisation of suitable locations, and ideally enables a democratic
dialogue, coordination, and balancing of the needs and preferences of the
local population and stakeholders (Mey et al., 2024Db).

However, to contribute to the acceleration of a local energy transition,
a coordinated development of geodata infrastructures and a better access
of geodata is necessary. Only then will it be possible to establish partic-
ipatory and collaborative digital planning approaches, in contrast to the
top-down mechanisms that still dominate energy planning processes at
present. As some countries have already advanced in their transition, they
can provide insights in appropriate geodata usage. For example, GIS and
energy system analyses have been used to provide technical and socio-
economic knowledge regarding the potential role of photovoltaic in an
urban system, including the societal perspective in Denmark (Mathiesen
et al., 2017).

Hence, optimising the use and accessibility of these tools can help
accelerate the development of energy community projects. EU policy
should encourage Member States to prioritise collaboration, adapta-
tion, capacity building, and community engagement, to ensure that
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existing tools become an integral part of communities’ journey towards
sustainable energy practices.

2.3  AcHIEVING OUR RECOMMENDATION

We recognise the increasing importance of community-led energy initia-
tives in achieving both net-zero and just transition objectives. Although,
in the recent decades, community-led initiatives have enjoyed the support
of various policy measures, we find that continuous efforts from EU and
Member State level are needed to facilitate and simplify their implemen-
tation.

As per the title of this chapter, our core recommendation is that policy
should: simplify the uptake of community energy by leveraging interme-
diaries and the use of digital planning tools. We argue that this can be
achieved through the following sub-recommendations: firstly, it is impor-
tant to strengthen overall community energy policies in the Member
States. To this purpose, it is necessary to ensure a follow-up and imple-
mentation of EU RED II and its CEC and REC provisions, further
enhanced by quality assessments of national policy measures and the intro-
duction of a national community energy target to evaluate the progress
in the sector. Secondly, institutional allies at multiple levels are impor-
tant factors for the success of local energy initiatives, yet still often lack
resources and capacities to do so. Hence, empowering local governments
and intermediaries to enhance community involvement in energy plan-
ning and project implementation is essential for promoting a decentralised
and co-owned energy transition. In particular, we consider the new digital
planning tools as great opportunities to simplify processes, empower local
actors, and speed up energy community project development. There-
fore, our third recommendation is to enhance tool accessibility and user
capacity at the local level. Finally, we conclude that integrating insights,
tools, and methods from both SSH and STEM disciplines is essential
to leverage on social-political and technical opportunities for an effective
implementation of community-led initiatives.
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Policy Highlights To achieve the recommendation stated in the chapter
title, we propose the following;:

e Policymakers should mandate that energy decision-making processes
be more inclusive, supporting both geothermal representation in
large-scale energy deliberation and the inclusive engagement of local
communities in individual geothermal projects.

e Policymakers should foster inclusive societal engagement that goes
beyond the minimal requirements of consulting and informing at
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planning stage, to incorporate processes of deliberation and co-
creation with local communities.

e Geothermal industry actors should practise inclusive societal engage-
ment which is early, continuous, and sensitive to the technical
specificities (e.g. local resource, subsurface uncertainties) and social
challenges (e.g. low public awareness) of geothermal technologies.

e Language alignment activities and mutual expert elicitation can
support the exchange of knowledge across social-technical disci-
plines, bridging disciplinary siloes to tackle the problem above.
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3.1 INTRODUCTION

A key ambition of the European Green Deal is to supply “clean, afford-
able and secure energy” (European Commission, 2019, p. 6), which has
been bolstered by measures to rapidly diversify and roll-out renewable
energy technologies in the REPowerEU plan! (European Commission,
2022). In this context, geothermal energy has a major role to play in
moving the EU away from our reliance on gas, as recognised in the
Revised Renewable Energy Directive in 2023 (European Union, 2023),
yet it is not currently realising its potential across Europe. At the same
time, the European Green Deal aspires to a “just and inclusive” transi-
tion (European Commission, 2019, p. 2) where communities and citizens
can work in partnership with institutions and organisations in energy
decision-making. However, societal engagement tends to be neglected in
strategic documents on upscaling geothermal technologies, e.g. the recent
Implementation Plan of the Geothermal Implementation Working Group
only mentions communities in passing (Geothermal IWG, 2023), and
inadequate engagement risks eroding the social legitimacy of geothermal
energy and may limit the potential to achieve just transition ambitions.
To address the challenge of increasing the uptake of geothermal energy
whilst including communities in energy decision-making, we assembled
an interdisciplinary team of international experts, representing several
areas of Geoscience (including Geophysics, Subsurface Exploration, and
Predictive Modelling); Science Communication; Citizen Engagement
with Research and Innovation; Environmental Social Science; Social
Geothermal Sciences; Human Geography; and Environmental Sociology.
Over the course of four months, we engaged in iterative mutual expert
elicitation (i.e. gathering expert knowledge and judgement) through
several preparatory virtual meetings, followed by a face-to-face, in-depth
interactive workshop to tackle three key themes: (1) understanding
different types of geothermal technologies and their associated risks
and benefits, (2) how to advance the role of society in transition to
climate neutrality, and (3) how to increase engagement at a project
level, given the specificities of geothermal projects. In our face-to-face
workshop, we worked through disciplinary definitions of key terms and
exchanged knowledge of state-of-the-art research—materials which were

L'This EU energy plan launched in 2022, in part as an attempt to make Europe
independent from Russian energy following the Russian invasion of Ukraine.
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co-produced at the workshop, including mind maps, are available open
access (Rohse et al., 2024). Our mutual expert elicitation enabled us to
understand disciplinary knowledges and how disciplinary siloes may be
bridged.

At the Geoscience end of the spectrum, we explored the complexity
of geothermal technologies, their specific risks and mitigation measures,
and discussed how the initial set-up can be costly and lengthy. We also
observed how the Social Sciences tend to be neglected within geothermal
projects, uncovering how top-down approaches to engagement (e.g.
those focused on information sharing) tend to dominate. From the
Social Science perspective, we unpacked many different understandings
of engagement, and discussed examples of good practice, both from
within and outside the geothermal sector. Our key learning concerns
the abstract nature of Social Science frameworks and the need to trans-
late them into practice. Our interdisciplinary encounter therefore allowed
us to consider those abstract frameworks in the ‘real-world” context of
several geothermal technologies.

As a result, we provide recommendations on incorporating societal
engagement throughout geothermal project developments aimed at: (1)
decision-makers at EU and national levels, as they set national energy
agendas and should be responsible for giving societal engagement an
equitable place in policymaking, (2) local and regional decision-makers, as
they plan and implement local energy plans, and 3) geothermal operators
across Europe, as they propose and implement projects.

In the main body of the chapter, we outline (1) current understanding
of geothermal technologies, (2) how geothermal energy may be intro-
duced in EU, national and local energy decision-making, and (3) how
societal engagement in geothermal projects can become more inclusive.

3.2 TECHNOLOGY AND SOCIETY
IN THE GEOTHERMAL SECTOR

3.2.1  Understanding Geothermal Technologies

One goal of our interdisciplinary encounter was to ensure that we
shared disciplinary perspectives on geothermal technologies, including
their diversity and their associated opportunities, risks, and challenges.
This enabled us to consider how these specificities may play out in
practices of societal engagement, as we explore below.
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Geothermal energy can be found everywhere. It is a non-intermittent
flexible resource, which offers promising opportunities in the renew-
able energy landscape. Geothermal technologies provide a sustainable
energy source, with generally minimal greenhouse gas emissions and a
light environmental footprint overall. In terms of societal perceptions, we
hypothesise that the low-carbon nature of the technology could make it
appealing, bearing in mind that opposition to another subsurface tech-
nology, hydraulic fracturing for shale gas exploitation, has been partly
driven by concerns about the impacts of fossil fuels on the climate.
Indeed, in our experience in the UK, geothermal energy has appeared
to have a receptive welcome, with community members near some UK
geothermal sites reflecting on how geothermal energy can help shift us
away from a reliance on fossil fuels. However, we acknowledge this is only
part of the picture. Whilst, as a subsurface activity, geothermal energy
is almost invisible and takes up a relatively low surface area, there are
impacts related to surface operations (e.g. land occupation, visual impact,
noise) that could affect local communities, and raise concerns over the
distribution of costs and benefits of these developments.

There is a diversity of applications for geothermal energy, which can
be harnessed for electricity generation, heating and cooling, hot water,
and minerals supply (e.g. lithium). This diversity of applications means
that the range of risks and impacts are broad and vary. However, the
environmental risks and technical challenges associated with geothermal
developments are well-documented and mitigated thanks to regulation
and best practices (Chen et al., 2020; Gombert et al., 2018). For example,
geo-mechanical changes (e.g. seismicity) and underground changes (e.g.
disturbance of non-targeted aquifers) both require careful monitoring and
mitigation. In terms of societal engagement, some of our research in the
UK shows seismicity was a concern in other subsurface sectors (Ryder
et al., 2023). Yet, seismicity (and other environmental risks, like chemical
leakages) is not a risk for all geothermal applications. Therefore, we high-
light the importance of developers being clear and transparent about risks
and mitigation for proposed technologies as paramount for trust-building
and engagement.

In addition, financial challenges exist. Initial drilling and exploration
can be relatively costly and lengthy, which makes attracting investment
challenging, especially as the uncertainties relating to variability of the
underground and to gaps in knowledge tend to be high before drilling
and can remain significant during operation. The length of time it can take
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for geothermal projects to be set up and completed can have implications
for engagement. On the one hand, a longer process provides opportunity
for more engagement; on the other hand, supporters may eventually lose
faith in a project ever coming to fruition.

3.2.2  Introducing Geothermal Enevgy in EU, National and Local
Energy Decision-Making

The growth of geothermal technology holds the potential to significantly
contribute to a cleaner and more sustainable energy future. Yet, public
awareness of geothermal technologies is low, and societal engagement in
geothermal developments tends to be top-down and focused on accep-
tance. This is in contrast with EU efforts to make citizens’ voices heard
(e.g. via the Conference on the Future of Europe?), including specifically
on the transition to climate neutrality. As a result, we propose that (1)
policymakers should support initiatives to make energy decision-making
more inclusive, ensuring that geothermal is appropriately represented
in deliberation processes on energy futures at EU and national levels,
and in deliberations about local technology choices, and (2) that oper-
ator- and developer-led engagement can be bottom-up and inclusive (see
Sect. 3.2.3). We start by exploring the first of these below.

Public deliberation exercises® are proliferating in Europe at various
scales—for example, national climate assemblies, such as in Denmark (The
Citizens’ Assembly on Climate Issues, 2021), and at regional level, such
as in Lombardy, Italy (Simone et al., 2023), to collectively design the path
towards carbon neutrality, and align public strategies and actions to the
views, needs, and concerns of communities. This type of broad societal
engagement can enable a more inclusive and just energy transition. For
example, it can contribute to setting goals beyond electoral mandates,
giving legitimacy to public authorities’ choices, and building trust and
alliances between different societal actors.

2 Details available via: https://commission.curopa.cu/strategy-and-policy /prioritics-
2019-2024 /new-push-european-democracy/conference-future-europe_en.

3 A detailed definition and description of public deliberation for policymaking
is available here: https://www.oecd-ilibrary.org/sites/339306da-en/index.html?itemId=/
content/publication/339306da-en.
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We argue that EU and national policymakers should support public
deliberation exercises on the future of energy in which geothermal tech-
nologies are presented within a range of potentially viable options. This
is necessary due to the geothermal sector being at an earlier stage of
expansion compared to other sectors. Indeed, there are practical chal-
lenges associated with representing a full range of energy technologies
at an appropriate level of detail to communities (Elstub et al., 2021).
As such, less common technologies such as geothermal ones may be at
a disadvantage when compared to more mainstream options with which
the public is more familiar, and where more evidence about effectiveness
exists.

The relative novelty of geothermal technologies means in some areas,
the potential economic, environmental, and system benefits may be
unknown or unclear. Similarly, the novel nature of geothermal projects
means that perceptions about associated risks may not be based in real-
world experiences or may be affected by ‘spillover’ from other projects,
where negative perception of other energy projects lead to negative
perceptions of geothermal projects (Westlake et al., 2023). As such,
there is a need for objective evidence to help guide decision-making
processes, whilst also recognising and valuing knowledges and expertise
from within communities, such as local underground knowledge (Ryder
etal., 2023). Deliberative processes are ideal to bring those different types
of knowledges together.

In addition, deliberative exercises have the potential to support
communities in identifying appropriate geothermal opportunities at a
smaller scale. Local authorities have a major role to play in this process.
For instance, they can have identified geothermal energy as a technically
viable option for local heating or cooling, and they need to work with
local communities to establish whether it is a socially viable option, as in
St. Gallen, Switzerland (Ejderyan et al., 2020). Within such processes,
technical assessments must be transparent, emphasising a holistic view of
potential risks and benefits across a project life cycle, and include different
technologies to ensure that decision-making is informed and balanced.
When this is enacted, communities can make informed decisions about
future energy provision, including whether geothermal energy is ‘right’
for them and under what conditions, which deliberative and co-creative
processes can help identify. Accepting the decisions that emerge from
societal engagement, including if they reject a project or a technology,
is essential.
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Whilst there is a role for EU, national, and local policymakers in
large-scale deliberation on the future of energy, or small-scale deliber-
ation on local energy plans, geothermal projects are for the most part
developer- and/or operator-led. In the next sub-section, we draw on our
team’s experiences with existing practices of engagement in geothermal
energy, drawing attention to important considerations for developers and
operators to widen their approaches to societal engagement.

3.2.3  How Societal Engagement in Geothermal Projects Can Become
More Inclusive

As an author team, we collectively have in-depth experience working
in several European contexts. In our workshop, we identified that the
development of geothermal energy is inherently intertwined with local
socio-economic contexts, and that societal engagement requires a case-
specific approach. At the same time, through our international and
interdisciplinary experience, we established the collective importance and
desire for inclusive engagement to move the geothermal sector forward.
Here, we provide examples of bottom-up and inclusive approach to
societal engagement in the geothermal sector.

To our knowledge, a mark of success in geothermal developments
is the ability to establish and sustain a high level of community trust
and support. This achievement is directly tied to prioritising meaningful
dialogue in the engagement process and leveraging mutual benefits.
Fostering trust, which is closely connected to co-production and psycho-
logical identification with a project at the community level, is key in soci-
etal engagement and negotiating a “Social License to Operate” (Barich
et al., 2022). A notable example is Iceland, where communities view
geothermal projects not just as energy initiatives but as integral contribu-
tors to their well-being. Iceland has become a hub for knowledge transfer,
capacity building and geothermal outreach. This has stemmed from a
culture of open collaboration between sectors from within the country,
which is being consciously maintained through meaningful dialogue with
local communities and stakeholders.

How operators view, approach, and support communities, their will-
ingness to be honest about risks and unknowns, and the way they accom-
modate and reduce community impacts are ways that industry-community
relationships have been strengthened (Ryder et al. under review). One
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UK example of this is when an operator chose to use a more expen-
sive drill because of the noise reduction it would provide, reducing local
disturbance.

Community-led geothermal initiatives, such as those in Madrid, Spain,
(Hildebrand & Klein, 2022) and in Darmstadt,* Germany, are examples
of residents coming together to shift their heating sources from fossil fuel
to geothermal energy, reflecting a desire for greener technologies and
heat supply. This demonstrates that under the right conditions, bottom-
up projects are possible, and highlights the need for the industry to
be visible and approachable to facilitate such participation in the energy
system. Relatedly, alternative financial schemes such as crowdfunding for
geothermal projects (e.g. Friederichs, 2021) can highly influence the
deployment rate of geothermal energy.

However, there are some barriers for operators to gain community
support. For instance, although several projects in the Upper Rhine
Graben (e.g. Soultz-sous-Forets, France) proved their efficiency, poor
project management and lack of transparency led to failure in other
similar projects (e.g. Vendenheim, France), and strong rejection from
local communities (Chavot et al., 2018), destroying trust in the sector in
that area for years. Even in the positive examples of the UK, one operator
who had previously engaged their community extensively faced pushback
to a new project, in part due to a lack of in-depth engagement. This
demonstrates the importance of early and continuous engagement within
a project, and from one project to the next.

3.3  AcHIEVING OUR RECOMMENDATION

As per the title of this chapter, our core recommendation is that policy
should prioritise inclusive, early, and continuous societal engagement to
maximise the benefits of geothermal technologies.

Through our STEM-SSH collaboration, we have uncovered how the
technical specificities of geothermal technologies and the social chal-
lenges they face intersect, and require interventions across scales from
EU, national, local policymakers, and operators to ensure that the poten-
tial of geothermal energy in decarbonising heating, cooling, and electricity
production can be realised, meeting the ambitions of the European Green

4 See the DELTA project: https://delta-darmstadt.de/.
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Deal and the REPowerEU plan for renewable energy technologies in a
way that is fair to European communities.

Our iterative elicitation process enabled us to rapidly gain knowledge
across disciplinary divides to identify points of connection between social
and technical challenges, which led us to identify how several actors can
support societal engagement specifically in geothermal developments, and
recommend that policymakers and industry operators should prioritise
inclusive, early, and continuous engagement across scales to maximise the
benefits of geothermal technologies in the quest to supply clean energy
across Europe (European Commission, 2019), whilst “promot[ing] the
participation of local communities in renewable energy projects” (OJEU,
2023, p. 8).

At the local level, several examples in the geothermal sector demon-
strate that valuing, resourcing, and implementing inclusive societal
engagement is possible. Tools such as community-led initiatives, alter-
native modes of financing, deliberative energy decision-making and the
Social License to Operate framework are ethical and transformational
tools that can help broaden our understanding of societal engage-
ment that can mutually benefit the geothermal sector and communities.
However, these are scattered examples; embedding inclusive societal
engagement requires formal support through EU, national, and local
policy instruments in the process of scaling up geothermal technologies.
To advance geothermal technologies as part of a fair energy transition,
EU and national policymakers should mandate that energy decision-
making processes be more inclusive, supporting both wider deliberation
on the energy transition where the geothermal sector should be appropri-
ately represented, and the inclusive engagement of local communities in
geothermal projects at local and regional scales.

Local and regional policymakers should plan and implement inclu-
sive societal engagement that goes beyond the minimal requirements
of consulting and informing at planning stage, to incorporate processes
of deliberation and co-creation with local communities. Whatever the
mechanisms adopted, accountability of commissioning authorities is key.
Anchoring engagement methods within public strategies or policies can
help to ensure that public authorities act on co-created outcomes, making
communities feel heard, which contributes to the credibility of such
exercises.

Geothermal industry actors should practise inclusive societal engage-
ment, which is early, continuous, and sensitive to the technical specificities
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(e.g. local resource; subsurface uncertainties) and social challenges (e.g.
low public awareness) of geothermal technologies. Given the degree to
which geothermal heating and cooling rely on local use, engagement with
local communities is especially important for geothermal technologies.
This local focus also opens doors for the possibility of more equitable
distributions of the burdens and benefits of resource development. It
is possible to expand the geothermal sector in a fair and inclusive way
through: transparency about our understanding of the risks involved
and of mitigation measures; designing projects addressing community
members’ expectations; maintaining meaningful dialogue; creating local
benefits (e.g. local employment opportunities; domestic value chains); and
establishing community-based projects. All of these require STEM-SSH
collaborations.
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Assess GECs’ feasibility using interdisciplinary and participatory

approaches.

e Investigate and address critical GEC issues, including financial obsta-
cles and land politics.

e Develop an enabling and social learning environment for GECs.

e Ensure GEC projects are embedded in the community by using

on-site transdisciplinary co-learning workshops that bring together

Engineering, Social Scientists, and Geoscientists as well as commu-

nity representatives and critical outsiders.
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4.1 INTRODUCTION

This chapter integrates three elements important to European Union
(EU) energy policy: geothermal energy (herein ‘geothermal’) in the
energy transition; communities as a key driving agent; and EU energy
relations with Africa. Whereas geothermal’s share of the energy supply has
long been below its potential, the European Commission (EC) now seeks
to raise this share through policy incentives. This is fortunate, consid-
ering geothermal’s potential to accelerate the energy transition. What
is lacking, however—and what we therefore call for—is policy acknowl-
edging geothermal’s potential for local communities, similar to energy
communities focused on solar and wind electricity. In short, we recom-
mend that the EC encourage and enable geothermal-powered energy
communities (GECs)—both in the EU as well as in the African Union
(AU), through the EU—AU energy partnership.

Our recommendation speaks to the EC in its two roles: that of
policymaker and enabler of the EU’s energy transition; and as devel-
opment partner helping Africa realise its ‘green energy future’ (AEEP,
2023). The recommendation draws on insights gained from a two-day
co-learning workshop, augmented with insights from an interdisciplinary
EU-AU research project called Geothermal Village. The Geothermal
Village project is part of the LEAP-RE programme, and aims to introduce
oft-grid, geothermal-powered energy systems to four rural communities
in Kenya, Rwanda, Djibouti, and Ethiopia. There is significant geothermal
potential in the EU to realise the same concept—hence our call to support
GECs in both continents. What is more, we believe GECs from both
continents could learn from each other, a point we elaborate in the
concluding section.

The co-learning workshop that informs our recommendation took
place in November 2023 in Homa Hills, in western Kenya. We brought
together Geoscientists, Engineers, and Social Scientists from Europe and
Africa, representatives of the Homa Hills community and three Kenyan
civil-society advocates with experience in EU-AU energy cooperation.
The 18 participants tackled three main topics: (1) the promises and pitfalls
of GECs in East Africa; (2) how these relate to potential GECs in the EU;
and (3) how both could be supported in a broader framework of EU-AU
energy cooperation. Each discipline /group shared its expertise and views
followed by discussions. The plenary sessions were alternated with two
types of subgroup sessions ‘in the field’, on which more below.
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4.2 ENABLE AND ENCOURAGE
GEOTHERMAL ENERGY COMMUNITIES

4.2.1  Geothermal’s Potential for Energy Communities

Geothermal—the Earth’s natural heat—is a renewable energy source with
a high and diversified development potential. This potential is hardly
tapped in the EU, with geothermal only providing 3% of its renewable
energy (RE) (European Union, 2023). Current EU policy calls for a
significant increase in geothermal by 2030, acknowledging geothermal’s
importance for the energy transition (Dulian, 2023; European Commis-
sion, 2023). A point that is underacknowledged is the major role that
communities can play in, and multiple ways in which they can benefit
from, geothermal development. We suggest geothermal can complement
existing energy communities in the EU that mostly draw on solar or wind
electricity.

Geothermal provides a powerful new source for energy communi-
ties, understood as “decentralised socio-technical systems where energy
is jointly generated and distributed among a community of households
locally” (Fouladvand et al., 2022, p. 1). As Table 4.1 shows, geothermal
has some advantages over, and can therefore complement, solar and wind
as RE sources. Geothermal offers continuous baseload energy at low
cost, is immune to the vagaries of climate and weather, can store energy
as heat or cold, and has a relatively modest footprint (Lovering et al.,
2022). It offers a range of uses, depending on the geothermal source’s
temperature. High-heat resources (200+ °C, found at deep depths) allow
for generating electricity on a large scale. On the low end, resources
below 30 °C (at shallow depth) can be used to heat or cool individual
buildings, typically using heat pumps. It is the medium-heat geothermal
resources (50-120 °C) that offer the most potential for powering energy
communities, that is, for meeting a range of community-scale energy
needs at economical drilling depths. These community-scale energy needs
include heating and cooling neighbourhoods, and small-scale productive
uses (e.g. greenhouse farming, pasteurising and freezing dairy products).
Energy wells can store surplus heat or cold and, if the temperature exceeds
90 °C, produce electricity (Onyango, 2022; Varet et al., 2014).

GECs, however, need to be promoted and require tailored incentives
because most communities are unfamiliar with geothermal as a potential
power source. As such, they can be wary of disturbing the subsurface
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Table 4.1 Comparison of renewable energy sources, highlighting the strengths
of each, and aspects unique to geothermal

RE Geothermal Wind  Hydro-electric  Biomass  Solar

characteristicsc — —
<90 °C Thermal PV+ batt

>90 °C

Produce No Yes Yes Yes Yes No Yes

electricity

Produce heat Yes Yes No No Yes Yes No

Long-term Yes Yes No No No No No

thermal

storage

Up-front In cases Yes No No No No No

financial risk

% of year at  98% 98% *50% *98% *98% *50% *98%

full output

Asterisk “** indicates output depends on weather/climate. ‘PV+ batt’ indicates solar photovoltaic
clectricity with battery storage

(Steward & Lewis, 2017) and expect the resources to be difficult and
expensive to exploit. Fortunately, new technologies have made it easier
and less costly to access these resources (Ciucci, 2023). While this has
raised the prospects for GECs in the EU, these enhanced conditions have
mostly led to larger private and/or public companies taking advantage of
geothermal.

In large parts of the AU, especially along the East African Rift System
(EARS), medium-heat geothermal resources abound and are accessible
even at shallow depth, making them easier to exploit than in the EU.
The problem here is that African governments and their development
partners prioritise large-scale electricity production from deep, high-heat
geothermal resources and are unaware of, or neglect, the potential for
community energy development. Here lies a major opportunity for the
EU, as the world’s largest development cooperation donor, to support
development of GECs in the AU.

Overall, we welcome the EC’s efforts to promote geothermal, and
emphasise its potential for community development in both the EU and
AU. Yet, having potential is one thing, developing GECs is quite another.
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4.2.2  Assessing GEC’s Feasibility: An Intevdisciplinary
and Participatory Approach

Developing a GEC requires assessing its feasibility from different disci-
plinary perspectives, and in close cooperation with community members
and groups. One dimension to consider is the subsurface geology
and temperature, and the landscape topography in relation to commu-
nity power requirements. Geoscience and Engineering studies give the
community an estimate of the subsurface energy potential, the cost of
drilling to access the hot water or steam, and the degree of risk to
drinking water and the environment. These studies are site-specific, typi-
cally time-consuming, and present a large up-front cost. Confirmation
of the resource is only obtained by drilling wells, which are themselves
expensive.

A second, crucial dimension is the GECs’ social aspects and dynamics.
Understanding is gained by assessing a community’s socio-economic
needs and how a GEC can meet (some of) those. To this end, different
segments of the local population should be included and represented in
a GEC’s decision-making process to share their visions and needs. This
is a complex process, given the heterogeneity—and in some cases in the
EU and AU, indigeneity—of communities. In Eastern Africa, the surface
geothermal manifestations have been used by local populations since time
immemorial. Their indigenous knowledge regarding the resources must,
along with scientific knowledge, inform the third dimension: the engi-
neering design and implementation of a GEC (Onyango & Varet, 2016),
so that it responds to socio-economic needs and fits the community’s
unique context. The intersection of energy potential and social needs
informs the technical design and thus informs the basis of a GEC. This
requires continuous interchange with social groups locally and should be
flexible to follow the evolution of the community’s energy use.

Getting thorough insight into each of these dimensions and their inter-
play requires an approach that is both interdisciplinary and participatory.
Such an approach informed the co-learning workshop we held. It not
only brought into dialogue the researchers from the Geosciences, Social
Sciences, and Engineering, who had each collected data on the Homa
Hills prospective GEC, but also brought these scientists into dialogue
with community representatives and civil-society advocates. Each disci-
pline/group presented its unique view(s) on the promises and prospects
of a GEC. This ‘360 degree’ overview allowed a further discussion
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on how the different views relate. During these plenary sessions, there
were two alternated subgroup sessions in the field to enrich the trans-
disciplinary dialogues. One subgroup session was a visit to hot springs
associated with the deeper geothermal resource that would be drilled to
power a Homa Hills GEC. The other comprised short transect walks in
which we observed and discussed different social and economic activi-
ties in the community that could potentially be powered by geothermal
energy.

Being in and jointly walking the site enabled the groups to better
imagine and picture how a concrete geothermal energy system could take
shape, taking into account the different aspects. For instance, we discussed
a system’s socio-spatial properties—that is, where wells and buildings of
the geothermal energy system could best be constructed considering the
soils, subsurface geothermal resource, proximity to households and busi-
nesses, land ownership, and where technical solutions (e.g. pipes, wires)
would be placed. People living adjacent to the resources told us on the
spot how they value the resources (hot spring waters) and use those
daily. The board of a Community-Based Organisation established for the
GEC shared their views on how best to approach the different develop-
ment stages. The workshop thus enriched the insights and understandings
of individual actors, and brought together different scientific and non-
scientific perspectives that will jointly inform the next development stages
of the GEC in Homa Hills. While most of this workshop was dedicated
to this specific GEC, we believe the idea behind it is generally appli-
cable to all GECs. Whether in workshop or other form, it is valuable,
if not necessary, to juxtapose and integrate the different (non-)scientific
perspectives.

4.2.3  Critical Issues and Barriers to GECs

The workshop, as well as our research experience on the Geothermal
Village project and secondary data, also raised critical issues that need
to be addressed in different development stages of GECs.

An important, practical issue relates to the up-front financial and other
resources required for assessing a GEC’s feasibility. For most community-
sized uses, this will include expert surface exploration followed by drilling
a well to confirm geothermal potential—a scenario perhaps more likely
in much of the EU than in the EARS where medium-heat resources are
often apparent at the surface. Drilling a well is relatively expensive and,
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as it may reveal insufficient geothermal potential for a GEC. There is
thus a risk—although a low one compared to drilling for high-heat, deep
resources—of losing the investment. GECs should be able to hedge such
risk through risk-mitigation funds, which are currently only available for
high-heat, deep drilling. A related challenge is the time taken for the feasi-
bility assessment. In our Geothermal Village research, we observed that
this tests the patience of community members, especially those who are
less intensively involved in the preparations of a GEC.

The workshop also raised the issue of how people perceive the under-
ground. Some community members in our research sites attribute special
powers to geothermal resources, be they spiritual, religious, or medic-
inal (Onyango, 2022). Some also believe interfering with subsurface
geothermal resources may bring harm, rather than good. Likewise, in
Europe, events such as fracking, carbon sequestration, and building
damage, due to subsidence or earthquakes caused by gas extraction, have
made people wary of subsurface operations. Such perceptions and lived
experiences need to be taken very seriously when developing a GEC—
those involved should be transparent about the risks and uncertainties as
well as the advantages of geothermal energy, let the decisions come from
the community, and involve the community in monitoring.

Closely related are land issues. These were discussed at length in
the workshop, because current land and subsurface policies and legisla-
tion in most Eastern African countries hinder effective participation of
communities in geothermal development processes. Most communities
lack the resources (legal, financial, technical) to compete for geothermal
exploitation licences against private investors. Most governments, under
the influence of liberalisation and privatisation, privilege private sector
development of energy (including geothermal) resources, with severe
implications for energy justice. In the Homa Hills GEC case, a private
developer received the licence for geothermal exploration. The developer
is favourable to the community creating a GEC, whereby the latter can
use shallow geothermal resources up to a set depth, as long as the devel-
oper’s licence rights are not restricted. While this enables the community
to develop its GEC for now, the community still finds itself dependent
on, and in an uneven power relationship with, a private developer. This is
contrary to the rationale of GECs, whereby communities have autonomy
over energy decision-making. Communities must, therefore, be supported
to gain geothermal development licences themselves or at least be entitled
to the shallow resources. Commercial licences would still be attractive to
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investors if the uppermost 800m (approximately) of the subsurface was
reserved for GECs.

Recent research on this topic in the EU shows similar and additional
factors to consider. Fouladvand et al. (2022) argue that behavioural and
institutional aspects are particularly important in realising (geo)thermal
energy communities. This notably includes the role of community boards
in leading such energy communities. This is in line with our own research
experience, where a Community-Based Organisation proved to be a key
actor in the broader social arrangement of a GEC. Fouladvand et al.
(2022) also call attention to the ‘four A’s’ of availability, affordability,
accessibility, and acceptability, that shape GECs’ potential of becoming
energy-secure and inclusive systems. While there are always trade-offs
between these dimensions when developing GECs, they conclude GECs
should be feasible in many places. Finally, regulations for the social and
technical design of a GEC are not as clear as they are for electrical energy
communities, thus requiring further development.

4.3 AcHIEVING OUR RECOMMENDATION

So far, this chapter has raised and discussed important preconditions and
critical issues that need to be met or addressed for GECs to be realised. In
this concluding section, we propose what EU agencies could do to enable
GECs, and as such achieve the recommendation outlined in our title—
create a co-learning environment for Geothermal Energy Communities
across the Euvopean and African Unions.

Geothermal energy offers much potential for community development
in the EU and AU, but this potential has been underacknowledged
and untapped. We thus call on the EC—and specifically its Directorate-
Generals for Energy and for International Partnerships—to address this
policy gap and to encourage and enable the development of GECs in the
EU and, in its role of donor, in the AU. GECs are a novel kind of energy
community, whose feasibility and development hinge on some important
preconditions and issues discussed above.

There is the need to acknowledge and embrace the potential of
geothermal resourvces for emergy communities. Communities should be
encouraged, and enabled, to become more empowered players in
geothermal development than is currently the case. This requires
community-friendly policies and regulatory frameworks. These are poli-
cies and frameworks that allow for, and stimulate communities to,
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guide the geothermal development process, recognise their representa-
tive bodies as key stakeholders rather than peripheral players, and adjust
support/aid mechanisms and the funding bureaucracy accordingly. By
recognising energy communities as a crucial agent in the energy transi-
tion in the EU (European Commission, Directorate-General for Energy,
2019), and by providing support through the Energy Community Repos-
itory, the EC already took an important step. Yet, the unique character
and subsurface investment of GECs require specific support and risk
alleviation.

Support is especially required in the stage of assessing a GEC’s feasibility
using intevdisciplinary and participatory approaches. The community’s
insights, knowledge, and collective needs should be central but may
require EC support mechanisms for close engagement with advisory
bodies to guide the social, natural, and technical scientific investigations,
as well as the financial planning and implementation.

This feasibility stage should involve the investigation of critical issues
spectfic to GECs. One such issue relates to finance. Whether in the EU or
AU, the amount required for setting up GECs likely exceeds the financial
resources available to communities. Communities who wish to develop
a GEC should therefore have easier access to financial resources, with
favourable conditions, such as a low interest and long payback time, and
a risk mitigation fund. The European Investment Bank (EIB) could be
an important facilitating agency. As one of the largest multilateral finan-
cial institutions in the world, the EIB is well-equipped to offer a financial
support programme in the EU and AU—perhaps in partnership with
regional investment banks and pension funds pulling out of fossil fuels.
Another crucial issue for GECs is gaining land rights and licences to
develop geothermal resources in the liberalised energy landscape. Current
policy regimes tend to favour big, often private, players drilling for deep
energy, and discourage, rather than enable, symbiotic community-scale
shallower geothermal energy. An enabling environment for GECs recog-
nises and allows alternative property-rights arrangements better suited to
energy forms organised around the commons (Bridge & Gailing, 2020).
The EC would do well to allow and support property regimes that are
based on communal ownership and management of energy systems—
whether in its own territory or (via aid) in the AU. In its role of donor,
the EU could more actively encourage African governments to enable
geothermal development at community level.
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Finally, GECs are new and innovative undertakings, but also adven-
turous and uncertain. Considering this, it will help existing and prospec-
tive GECs if they were to connect and partner up in peer-learning
programmes, where they could exchange insights and lessons learned.
Such a programme could take different shapes. Given physical and social
proximity, GECs partnering up within either the EU or the AU is most
easily arranged. Yet, setting up connections between GECs from both
continents can be equally rewarding and appropriate. After all, as this
chapter has shown, communities in the EU and AU have similar energy
community issues that merit exchange. Two platforms may take this
further—one is the Africa—EU Energy Partnership (AEEP, 2023), the
other is the EU-Africa Green Energy Initiative that aims to enhance
what GECs offer: clean energy access via off-grid decentralised solutions
(European Commission, 2022).
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Facilitate the Development of Energy
Literacy Amongst Citizens to Support Their
Meaningful Participation in the Energy
Transition
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Policy Highlights To achieve the recommendation stated in the
chapter title, we propose the following:

e Ensure that citizens have appropriate knowledge to meaningfully
participate in the energy transition by providing accessible informa-
tion that reflects citizens’ contexts.
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e Consider the framing of information to support participation in the
energy transition, including the broader impact, and relationships of
energy transitions with other aspects of everyday life.

e Draw upon existing networks, independent intermediaries, and
communication channels to build trust in the information provided.

e Bring together Social Sciences and Humanities (SSH) and more
technical researchers to explore potential energy futures and the
diverse knowledge required for citizens to meaningfully participate
in, and benefit from, these energy futures.

Keywords Energy literacy - Knowledge - Framing - Trust - Participation

5.1 INTRODUCTION

The European Union (EU) has ambitions to achieve carbon neutrality
by 2050. The realisation of this ambition is supported by a portfolio
of energy policies within REPowerEU that cover the decarbonisation
of the energy system, the reduction of energy demand particularly at
peak times, energy efficiency, and tackling energy security (European
Commission, 2022). The enactment of these policies will see significant,
and rapid modifications to the energy system at all scales. Residen-
tial changes will include increases in energy storage, residential energy
production, demand-side flexibility schemes, energy-related technologies,
and community energy schemes. We argue that successful energy system
modifications require societal engagement and collaboration between citi-
zens, objects, and actors (such as governments or private businesses)
via discrete projects, the energy market, and everyday social practices.
Drawing upon the complexity of ways in which citizens can engage with
energy systems (Chilvers et al.; 2018), we collectively term these forms of
engagement: ‘participation’.

This chapter focuses on the development of citizens’ energy system
participation, and the need for energy-related knowledge, or energy
literacy. Whilst multiple confounding factors influence citizens’ energy
system participation, our prioritisation of knowledge is due to evidence
that participation and the gaining of benefits from energy system changes
can be inhibited when knowledge is missing. Furthermore, a lack of, or
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incorrect, information! has been shown to lead to non-optimal outcomes
for the electrical network when citizens engage with new technologies
and market offers (Calver et al., 2022). EU citizens need to be energy
literate, which we argue must go beyond knowing how to save energy
within the home. They must understand how to meaningfully participate
in this transition—for example, through the adoption or rejection of new
technologies or tariffs—via involvement with community schemes, and
through energy system trials and co-creation. Importantly, they must have
information on how likely they are to benefit from these different forms of
participation based on their circumstances, allowing them to better navi-
gate the ever-increasing complexity of the energy market, and ensuring
informed consent for participation. These are themes discussed within this
chapter, with a focus on the types and details of knowledge that citizens
require, in addition to the conditions required for this knowledge to be
developed.

As an interdisciplinary group (Human Geography, Engineering, and
Construction Project Management), we brought together knowledge of
the proposed technical changes to centralised energy system within the
EU, with Social Sciences and Humanities (SSH) understandings of how
citizens are expected to, and do, participate in energy systems—marrying
together two often discrete areas. Our policy recommendations were
informed by a workshop in Greater Manchester, UK, that brought
together different actors associated with low-carbon energy transitions
(including from the public sector, academia, and the charity sector)
and those from different disciplinary backgrounds (including Economics
and Environmental Science). During the workshop, the interdisciplinary
research team adopted the dual roles of researcher and workshop partici-
pant. The workshop highlighted where different disciplinary and profes-
sional perspectives converged and provided examples and initiatives to
reflect upon.

The workshop discussions focused on: (1) technical energy system
interventions; and (2) the role of citizens in these interventions. More
technical-leaning discussions were encouraged through sessions that
looked back at energy system changes over time, with the subsequent
discussion looking forward into the energy systems of the future, drawing
upon energy scenarios as prompts. More social-leaning reflections were

! Information pertains to factual knowledge, whilst advice consists of recommendations
of potential actions.
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prompted when discussing the opportunities and challenges of these
changes, with a focus placed on the consequences for different individuals.
During the discussions, facilitators helped ensure that knowledge and the
conditions needed for the development of knowledge were considered.

511  The Knowledge and Conditions for Developing Energy Literacy

There is a plethora of research on energy literacy, and the develop-
ment of knowledge, attitudes, and behaviours to allow citizens to engage
in energy decision-making (Santillin & Cedano, 2023; van den Broek,
2019). Predominantly, this work holds the narrative that imparting infor-
mation and developing energy-literate citizens will lead to more rational
energy decisions, principally leading to reduced energy consumption and
the taking up of specific low-carbon technologies. However, findings
linking energy literacy to energy behaviour change are mixed (Adams
et al., 2022), and we advance that the premise of a ‘rational’ or ‘right’
action no longer stands where everyday citizens are expected to play an
active role in an energy system beyond using or curtailing energy. Instead,
with the ever-increasing complexity of the energy market, we contend that
a greater focus should be placed on ensuring citizens have the diverse
knowledge needed to confidently navigate and meaningfully participate
in the new energy landscape.

Whilst there is no specific EU policy related to energy literacy, there is
an awareness of the importance of developing energy literacy amongst the
EU and Member States. For example, the Hungarian National Energy
and Climate Plan includes a commitment to establish energy/climate
literacy-enhancing campaigns and educational measures (Hungarian
Ministry of Innovation & Technology, 2021). Similarly, the revised
EU Energy Performance of Buildings Directive considers the provision
of information, such as Energy Performance Certificates, as a measure
to improve energy literacy (European Union2024). Several EU-funded
projects have also engaged with the concept. These projects have devel-
oped practical tools aiming to increase citizen awareness and knowl-
edge of how they can participate in the energy system, with many
projects focusing on energy communities. For example, the Horizon2020
NEWCOMERS project (Drevensek & Tajnsek, 2022) advocated for
education to support change, with citizens’ understanding a prerequi-
site for meaningful participation in energy communities. Similarly, the
REScoop network has co-created a handbook for supporting citizens
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and local communities to participate in community-led renewable change
projects (Friends of the Earth Europe, 2020).

The academic literature suggests energy literacy consists of different
knowledge areas. van den Broek (2019) extrapolates four aspects of
energy literacy knowledge: device energy literacy (understanding how
specific technological artefacts work); action energy literacy (under-
standing options available in relation to changing energy practices to
reduce energy consumption); financial energy literacy (understanding
short- and long-term costs and potential gains from different forms of
energy system participation); and multifaceted energy literacy (under-
standing energy systems more broadly, and how their action is part of a
broader system). When discussing the knowledge required for citizens to
make informed decisions about participating in the energy system, during
the workshop, all four aspects of energy literacy were implicitly referred
to by participants. There was a recognition of the varied ability of citizens
to participate in, make decisions about, and represent themselves within
the energy system depending on their context.

Informed by the workshop discussions, existing literature, and the
different disciplinary perspectives of the research team, we have identified
three areas that can be addressed through policy to facilitate citizens to
develop their energy literacy—(1) tackling the information gap between
generic and bespoke provision, (2) framing participationin the energy
system beyond energy, and (3) ensuring citizen access to trusted and
trustworthy actors and sources of information. These three areas inform
and dictate how individuals receive, process, and understand informa-
tion related to energy decision-making.

5.1.2  Tackling the Information Gap Between Generic and Bespoke
Provision

To ensure that citizens have appropriate energy-related knowledge to
meaningfully participate in the energy transition, there is a need to
ensure that the information provided is reflective of the different contexts
of citizens. Much of the available information about opportunities and
outcomes of citizen participation in the energy transition (e.g. the adop-
tion of new technologies or engagement with demand-side response
schemes) is generic in nature. For example, providing the average payback
times for LED lamps; TV campaigns about new energy tariffs; or
generic guidance on how to most effectively use heat pumps based on
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average properties and routines. The drawbacks of more generic informa-
tion provision are shown in research, with scholars highlighting how this
can lead to households making decisions on incomplete, and sometimes
incorrect, information based on their circumstances (Fell et al., 2014). As
stated by Krishnamurti et al. (2012, p. 796), there is the need to commu-
nicate “realistic expectations of benefits and risks, explicitly addressing
the misconceptions commonly found in the mental models of consumers
forced to rely on the information currently available to them”. Whilst
there are often mechanisms to support more bespoke information being
shared with citizens (i.e. home energy audits, renovation surveys, and
plans), these may still rely on this generic guidance and are resource
intensive.

The provision of tailored information on residential energy tech-
nologies can be facilitated by local initiatives, coordinated by actors
such as local government or third-sector organisations. Yet, this infor-
mation needs to capture the plurality of options available, so that
citizens have a complete understanding of the technologies or partici-
pation options that may be suitable for them, rather than only being
informed about options that are of interest to third parties (Calver
et al., 2022). These local initiatives require support and resources from
both EU and Member State Governments, so that they can be under-
taken and to ensure they align with broader priorities. Such support and
resources extend beyond finance, to include technological guidance and
information for those actors coordinating local initiatives. Insights from
residential energy intervention trials in the public and private sectors do
not always flow through to those on-the-ground. There is a need to
ensure that state-of-the-art knowledge on the opportunities and suit-
ability of different energy system engagements can be utilised by those
supporting citizens to understand their options (thus contributing to
citizen knowledge), such as energy auditors, technology installers, energy
advisors, social housing providers, and renovation professionals. In doing
so, this will add to a growing pool of knowledge on how physical
characteristics of homes, household makeup, routines, and energy needs
interplay with outcomes (both for the household and the energy system),
and how these relate to meeting EU policy aims. The provision of this
more tailored information will help citizens gain the knowledge to better
participate in the low-carbon energy transition.
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5.1.3  Framing Pavticipation in the Enevgy Transition Beyond
Energy

The way information is framed, can influence how citizens interpret,
comprehend, and respond to energy-related data and advice. A work-
shop participant who supports vulnerable households in implementing
energy efficiency measures reflected, “people like to understand the
reason behind why you need to do something”. This aligns with Mert’s
(2008) reflections on the link between consumers understanding the
broader impacts of using smart technologies and being motivated to
adopt them. The justification of the energy transition and technologies
also provides the opportunity to make links across a range of priorities
for individuals. For example, a participant from Greater Manchester’s
regional government gave the example of the recently launched Local
Energy Advice Demonstrator (LEAD) in Greater Manchester, which
focuses on the financial benefits of home energy efficiency improvements
(Groundwork, 2024). As such, the justification of policy priorities can
support knowledge generation and participation.

Acknowledging the interplay between participating in the energy
system and other aspects of daily life is pertinent not only for citizens,
but also for the actors involved in providing energy advice. This is partic-
ularly evident when reflecting upon the potential health consequences
of household participation in the energy system. Those providing advice
or supporting activities need to be aware of the consequences of poor
decision-making and the potential negative impacts on households. For
example, workshop participants gave powerful accounts of health impacts
as a co-benefit or conflict, alongside energy and financial outcomes.
Accounts included discussion of where houses were adapted to be low-
carbon, but resulted in less liveable spaces (e.g. overheating, an increase in
condensation), which affected those individuals’ acceptance of these new
energy practices, and had a knock-on effect on influencing acceptance of
those within their networks. Thus, there is a need for those providing
advice and support to understand these health consequences, and how
best to communicate these, alongside enhanced consumer protection
legislation to support the achievement of liveable homes. As such, there
is also a need to think about framing and its consequence on the achieve-
ment of policy ambitions at a range of scales including that of the EU,
Member States, and municipalities.
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5.1.4  Ensuving Citizen Access to Trusted and Trustworthy Actors
and Sources of Information

For citizens to develop energy literacy, there is a need for access to
trusted sources of information. Trust was a key theme within the work-
shop discussions, used almost synonymously with the transparency of
information and advice. This reinforces research showing the importance
of energy information and advice being presented by trusted actors (Khuc
et al.,, 2023), perceived to have positive intentions (Greenberg, 2014).
Participants reflected on who is considered a trusted voice, stating both
neighbours and established, reputable organisations.

Participants from the municipal government and third-sector repre-
sentatives shared experiences of renovation policies and initiatives in
Greater Manchester. They reflected on the importance of being up-front
when sharing information and advice, particularly around potential house-
hold disruption, managing houscholds’ expectations of the process, and
providing clarity on why citizens are eligible for different funding sources.
Participants shared anecdotes of individuals turning down legitimate
support due to a lack of trust in the organisations involved. Suggested
reasons for not trusting organisations included concerns of vested inter-
ests influencing information provision and previous negative experiences
with financial support schemes.

The discussions reinforced arguments for using local, trusted organ-
isations, based within the community to articulate information about
energy policies, changes in the energy system, and opportunities for
citizen participation (Chambers et al., 2022). The importance of the EU,
Member States, and municipalities as coordinators and enablers was high-
lighted during the workshop, as these different institutions can create the
right policy frameworks and funding models to ensure citizens get this
locally specific information from these trusted sources.

Overall, whilst the European Commission recognises the importance of
building trust to support citizen participation (European Union, 2023),
our workshop discussions and the literature show the importance of using
multiple channels to share information on energy policy and opportunities
for citizens to participate in the energy system. These multiple channels
include trusted actors, particularly those with political, technological, and
product impartiality.
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5.2 AcHIEVING OUR RECOMMENDATION

With current strategies for achieving the EU’s climate neutrality placing
value in having knowledgeable and engaged citizens, the approach to
energy literacy presented in this chapter can guide policy mechanisms
towards this aim. This chapter calls for a refocus on developing energy-
literate citizens away from simply understanding how to reduce energy
in the home, towards allowing citizens to meaningfully participate in
the low-carbon energy transition, and gain benefits from doing so.
The achievement of our policy recommendation, as outlined in our
title—facilitate energy literacy amongst citizens to support their mean-
ingful participation in the energy transition—can be supported by the
following sub-recommendations related to the information shared, how
it is communicated, and who is sharing it.

Firstly, we discussed the use of ‘average’ citizen outcomes from
different forms of participation within the energy system, and the need
for the information provided to better reflect the different contexts of
citizens. There is a plethora of data coming from trials and projects across
the EU, but there is a need for intervention at national and subnational
levels to collect, interpret, and communicate this information. An under-
standing of local contexts would allow citizens (and those actors involved
with this transition) greater knowledge of potential implications, positive
or negative, of energy system participation.

Secondly, we discussed how being energy literate requires citizens to
have knowledge that extends beyond energy technologies and practices,
such as knowledge related to finance and health. Financial implications
are often considered, but knowledge on health implications needs to be
further considered, along with implications on other aspects of everyday
life. Whilst knowledge within these areas may increase participation,
focusing on these areas also facilitates increased informed consent for
those embarking on different forms of participation. The acknowledge-
ment of the breadth of knowledge required to be energy literate is critical
for policies that set out a role for individuals, such as the Renovation
Wave (European Commission, 2020) and for diversifying the energy mix.
Furthermore, there is value in grounding these low-carbon ambitions
within defined contexts to support motivation, demonstrating the value
of establishing sub-EU scale narratives within policy ambitions.

Lastly, we discuss how this information must come from trusted and
trustworthy actors. We highlight how trust can be eroded by a lack
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of access to unbiased sources of information, a lack of clarity on what
support may be available, and perceived or real vested interests. There
is a need to ensure that trusted voices are involved in the articulation
of information and opportunities related to shifting residential energy
systems (e.g. local initiatives related to the Social Climate Fund), with
the EU, Member States, and municipalities having a role in amplifying
these trusted voices.

The growing role of citizens in achieving the EU’s climate ambi-
tions demonstrates the need to ensure that European societies are energy
literate and have the knowledge to meaningfully participate in energy
system change. The EU can take a proactive role in developing policy to
facilitate the development of energy literacy and support Member States
to take domestic action to support the achievement of a climate-neutral
Europe. This will, however, require continued collaboration between
science and technology researchers and practitioners, who are involved
with envisioning and developing our future energy system, with SSH
researchers and practitioners, who understand the lived experience of
energy on-the-ground.
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Policy Highlights To achieve the recommendation stated in the chapter
title, we propose the following;:

e Member States should empower municipalities with resources and
training to develop Building Renovation Plans supported by One-
Stop Shops focused on inclusive local supply chain development,
employment and skills priorities, as well as serving housing retrofit
consumers.
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e Municipalities should use procurement frameworks and Direct
Labour Organisations to ensure a pipeline of retrofit work and
support training for good quality employment.

e Member States should implement licensing or minimum competency
standards for housing retrofit professionals, ensuring certification
schemes encompass a wider range of skills.

e Retrofit is an opportunity to enable new groups to enter the
construction sector. Municipalities should co-create partnerships
alongside employees, and support unionisation, to promote training
and work opportunities for women and minorities.

e Developing inclusive pathways to a skilled housing-energy retrofit
workforce is a socio-technical problem, requiring insights from
social, policy, building and engineering disciplines, because retrofit
interweaves human and technical practices and processes.
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6.1 INTRODUCTION

The European Union’s (EU) building stock is responsible for 36% of
its greenhouse gas emissions (EEA, 2023), partly due to poor energy
efficiency: a third was built before the introduction of thermal insula-
tion regulations in the 1970s (European Commission, 2020). Most of
these buildings will still be in use in 2050. Energy retrofitting residen-
tial buildings, which includes improving building fabric and moving to
zero carbon heating, cooling, ventilation and electricity services, is there-
fore essential. However, across the EU, retrofits achieving at least 60%
energy reduction are performed in only 1.2% of the building stock per
year (European Commission, 2020). To address this, the revised Energy
Performance of Buildings Directive (EPBD) requires Member States to
create national targets for reducing energy use in domestic buildings and
establish Building Renovation Plans to attain a zero-emission building
stock by 2050 (European Union, 2024). However, a ‘retrofit revolution’
will not be achieved unless significant supply-side challenges, including
labour and skills shortages, are addressed (European Commission, 2021).

EU supply chains for building energy retrofits are fragmented, typified
by micro-enterprises, and insufficient workers with the requisite skills and
competences to perform high-quality renovations (Renovate Europe &
E3G, 2022). Instead, low skills, low demand for training, and low quality
predominate in building trades where profit margins are small (Killip,
2020). The construction sector has an inadequate supply of vocational
education and training (VET) and, where available, such training can
lack quality and accessibility (European Construction Sector Observatory,
2020). However, it is unhelpful to focus on skills training without consid-
ering policies that shape how the VET system functions (Stroud et al.,
2024).

In addition, there is a need to tackle acute diversity and inclu-
sion challenges within the sector. Women, minority ethnic groups, and
people with disabilities are hugely under-represented in the construc-
tion and retrofitting workforce, which is ageing and struggles to attract
younger generations (CEDEFOP, 2023). For example, just 10% of the
EU construction sector is classed as female (European Commission,
Directorate-General for Internal Market, Industry, Entrepreneurship and
SMEs, 2023), while in the United Kingdom (UK), only 6% are cate-
gorised as Black or minority ethnic groups and 6% are people with
disabilities (CITB, 2024). Consequently, construction cultures remain
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male-dominated and characterised by masculine values, narratives and
norms (Clegg et al., 2023). This, coupled with poor job security, chal-
lenging working conditions and health and safety concerns, can make
construction careers unappealing to historically under-represented groups
(European Construction Sector Observatory, 2020). A greatly expanded,
more diverse and competent labour force is required to meet EPBD
objectives (Renovate Europe & E3G, 2022).

This chapter therefore focuses on developing inclusive pathways to a
skilled retrofit workforce. This is fundamentally a socio-technical problem:
understanding the nature of the challenge and producing recommen-
dations for change requires insights from social, policy, building, and
engineering disciplines, because retrofit interweaves human and technical
inputs and processes. Further, retrofitting at scale requires knowledge of
interlinked social and technical systems across varied systems of provision,
distinct geographies, and built environments. As such the chapter draws
together academic and industry literature with insights from a work-
shop with academics and practitioners from the UK and EU. Participants
included representatives from municipalities, not-for-profit cooperatives,
charities, standards bodies, and tradespeople. The workshop structure was
developed using interdisciplinary perspectives spanning Civil and Struc-
tural Engineering, Construction Management, Human Geography and
Sociology. It was designed to explore multiple aspects of supply chain
development including: funding and delivery models, multi-actor part-
nerships, and geographical scales for intervention. Workshop materials
including summary notes and participant expertise are available open
access (Macrorie et al., 2024).

The chapter is structured according to two themes emerging from
the workshop: (1) supply-side coordination through place-based organ-
isations, networks and One-Stop Shops (OSS) ; and (2) ensuring quality
through workforce regulation and training. Both themes focus on how
different approaches can be used to support inclusivity in skills provision
and employment outcomes. Using these themes, the chapter develops
policy recommendations for (re)training programmes and initiatives to
enable the growth of a diverse, skilled building retrofit workforce.
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6.2 INITIATIVES TO SUPPORT
WORKFORCE DEVELOPMENT

6.2.1  Supply-Side Coovdination Through Place-Based Action

Place-based approaches and local partnerships are needed to mobilise and
organise the supply chain for energy retrofit (Brocklehurst et al., 2022).

Municipalities and social housing landlords have housing portfolios
that are geographically co-located and can act as a test bed for growing
supply chain capacity (Cauvain et al., 2018). Municipalities, with their
knowledge of local building stock and visibility, are well-placed to create
local Building Renovation Plans but this requires resource and training
to develop capabilities in, for example, analysing building stock data
(Wade et al., 2022). The capacity building programme Renocally, tor
example, supports Bulgarian, Romanian, and Slovakian municipalities
through technical assistance and increasing overall knowledge (BPIE,
2024). Building Renovation Plans can provide a reliable pipeline of
work, which is crucial for local tradespeople and SMEs to justify invest-
ment in training. They can also be used to align local training initiatives
with expected retrofitting tasks, to ensure a steady flow of appropriate
on-the-job training (Topriska et al., 2018).

Where they own building stock, municipalities can procure contractors
to deliver large volumes of retrofitting work and require quality guar-
antees. Procurement frameworks can be used to support apprenticeships,
raise quality standards through setting training requirements, and support
involvement from a range of contractors (Green, 2016). The public sector
can also develop supply chains through Direct Labour Organisations
(DLOs), like City Building in Scotland which directly employs 2,200
workers. DLOs can support good working conditions and inclusivity, but
also create a well-trained workforce with sufficient capacity to perform
retrofitting at scale.

Local intermediaries can connect formal retrofit skills and informal
knowledge. For example, builders’ and plumbers’ merchants can support
knowledge sharing among tradespeople (Wade et al., 2016). Informal
and voluntary networks, like Civic Square in the UK, can support
‘beyond-market’ pathways (Galvin & Sunikka-Blank, 2014) through skills
development for community-led retrofit or reciprocal repair and main-
tenance. These alternative networks should be supported, for instance
through finance and facilitation linked to OSS initiatives. The recast
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EPBD includes provision for OSSs across Europe: these initiatives can act
as crucial intermediaries between supply and demand, supporting skills
development (see Table 6.1). However, there is a risk that OSSs will
tend towards becoming consumer-focused hubs and not realise their full
potential in tackling supply-side challenges: OSS design should be equally
focused on inclusive supply chain, employment, and skills priorities.

To address diversity, more tailored trade networks like Her Own Space
(UK) and Tradeswomen Building Bridges (North America; see CIOB,
2022) can provide access to construction careers, business opportuni-
ties, and knowledge sharing for under-represented groups. More formally,
trade unions can work to support diversity, protect employees, and ensure
job quality and health and safety (Clarke et al., 2017). For example,
the Union of Construction, Allied Trades Technicians (UCATT) set up
a Women’s Network Forum and a Women in Construction Newsletter in
2014 (Clarke et al., 2017). Trade unions could also be actively included
in retrofit planning (e.g. through representation on OSS boards), and
opportunities for dedicated worker networks and unionisation should be
encouraged as part of place-based action.

Table 6.1 Examples of supply chain support in One-Stop Shops

One-stop shop  Country Business Engagement with Further
name structure supply chains information
BetterHome Denmark  Industry-led Delivers training to  Marmolejo-Duarte
(ORN existing contractors et al. (2022)
and ensures quality
of service
Dass France Regional Provides access to WWW.pass-renova
Renovation authority training and tion.hautsdefranc
facilitates business e.fr
networks
OSS Oktave France Regional Requires clients to Oktave (2024)
authority hire certified retrofit
tradespeople
Retrofit Skills ~ United Partnership of  OSS focused on https:/ /retrofitskil
Centre Kingdom  municipalities  retrofit skills and Is.org
training
RetrofitWorks ~ United SME Sharing knowledge https: //retrofitw
Kingdom  cooperative and skills among orks.co.uk

contractors



http://www.pass-renovation.hautsdefrance.fr
http://www.pass-renovation.hautsdefrance.fr
http://www.pass-renovation.hautsdefrance.fr
https://retrofitskills.org
https://retrofitskills.org
https://retrofitworks.co.uk
https://retrofitworks.co.uk
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6.2.2  Ensurving Quality in the Supply Chain: Regulation
and Training

Overall competence for effective energy retrofit requires a combination
of manual skills, theoretical and applied knowledge, and ethical conduct
(Killip, 2020). This includes competency to consider the whole building
and mitigate any potential cause of poor energy performance (CORDIS,
2023), and in-depth theoretical, technical, and interdisciplinary knowl-
edge is often needed (Clarke et al., 2020).

Sitting alongside EPBD, the EU Energy Efficiency Directive requires
Member States to develop certification schemes and/or equivalent qual-
ification for workers providing energy efficiency audits, improvements or
services (European Union, 2023). These schemes could be strengthened
by detailing trading licence requirements and minimum qualification stan-
dards, updated frequently (Killip, 2020). There are already examples of
licensing to trade and minimum training requirements, including certifi-
cation schemes that are integrated within OSSs. For example, in Czechia,
energy auditors are legally mandated to complete Ministry of Industry
and Trade training courses on an ongoing basis to retain their licence
to practise, while in Austria a professional network of energy consultants
is self-regulated, in close cooperation with regional further education
authorities and a national working group (Renovate Europe & E3G,
2022). Active support of accreditation, which can build consumer confi-
dence, should grow as technologies like heat pumps and batteries increase
the need for more complex whole-system approaches and installations
(Regnier et al., 2023).

However, inconsistent training content and curricula for retrofit across
Europe means that skills and competencies vary. The EU Skills Registry
(Geonardo, 2024) allows comparison of skills and competency profiles for
different jobs in construction and building energy efficiency and attempts
to show international equivalence of qualification and training schemes.
While standards-based curricula for VET that acknowledge a more holistic
perspective are developed in some regions, e.g. in Belgium and Ireland,
these are rare and the majority of training still focuses on imparting siloed
skillsets (Clarke et al., 2020).

A further challenge exists with frequent mismatches between the dura-
tion of apprenticeships, or on-the-job training modules, and project
timelines. There is need for innovative solutions such as employers sharing
responsibility for apprenticeships and vocational training through shared
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apprenticeship schemes (Bieler et al., 2019). Creating learning opportu-
nities that suit worker schedules and practices is essential, especially since
93% of EU construction organisations are micro-enterprises (fewer than
10 employees) which have little flexibility to take time out of work (Euro-
pean Commission, 2023). Examples of best practice include The Green
Register and People Powered Retrofit (both UK), which include training
costs when bidding for retrofit works, while Your Energy Your Way (UK)
ensures training is paid for in line with the UK Living Wage.

Furthermore, acceptable working conditions, including fair wages and
job security, need to be enabled. For example, long hours, inacces-
sible sites and recruitment practices based on word-of-mouth rather
than qualifications are not inclusive (Clarke et al., 2015). Outreach
campaigns promoting the attractiveness of the industry and seeking to
overcome cultural barriers to participation, as in the European Construc-
tion Blueprint and Women Can Build project (which runs across Spain,
Germany, Portugal, Belgium, France and Italy), can provide a start in
overcoming these challenges. Incorporating retrofit-related content into
school curricula can also provide early exposure to the sector, influencing
career decisions as early as primary school (Crespo Sanchez et al., 2023).
Resources developed by the Construction Blueprint could be adopted for
use in schools.

6.3 AcHIEVING OUR RECOMMENDATION

As per the title of this chapter, our core recommendation is that policy
should support place-based and inclusive supply chain, employment and
skills strategies for housing-energy retrofit.

The EU has adopted the revised EPBD, and Member States are
required to deliver on its provisions. This chapter has emphasised the
urgency and need to create a diverse, appropriately qualified retrofitting
workforce to meet EPBD aims. The chapter opened with specific actions
(see Policy highlights) to help achieve these based on academic and
industry literature with insights from a workshop with academics and
practitioners from the UK and EU.

Place-based networks and coalitions of organisations are important
routes to skills development and can support diversity and inclusion
in supply chains. Public sector-led approaches like DLOs, cooperatives
and community-led initiatives should be supported to encourage broader
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engagement in retrofit skills in and beyond formal employment and enter-
prise. OSSs can be a useful tool for meeting some of these goals but must
have a shared focus on supply as well as demand, with principles for supply
chain development, employment and skills embedded within their design.

Member States should develop an ongoing licence to trade, based
on minimum competency standards and more standardised and compa-
rable qualifications. This should be a requirement of certification schemes,
encompassing a holistic concept and delivery of retrofit training, raising
mutual understanding between separate trades. Retrofit includes multiple
technology integration into existing buildings, plus the related social
processes. Therefore, an understanding of both is required to deliver good
training and enabling policy. The collaboration informing this chapter was
enabled through social and technical researchers working together and
was supported by the expertise of diverse workshop attendees.

Working and training opportunities in building retrofit have not
supported diversity due to working conditions, insufficient promotion
and formal recruitment opportunities and masculine cultures. Yet, diver-
sity could enable quicker progress on creating a more sustainable built
environment. Partnerships, unions and trade networks all offer potential
to support women and minorities of all ages in construction by promoting
diversity and supporting better working conditions. Sufficiently profes-
sionalising the workforce will involve creating pathways for ongoing
learning and career advancement that fit with varied working practices
and timetables. Offering clear, place-based trajectories, including influ-
encing career decisions in schools, can contribute to developing a skilled
and more diverse workforce.

Developing inclusive pathways to a skilled housing-energy retrofit
workforce is fundamentally a socio-technical problem: understanding the
nature of the challenge and producing recommendations for change
requires insights from social, policy, building and engineering disciplines,
because retrofit interweaves human and technical inputs, practices and
processes. Further, retrofitting at scale requires knowledge of interlinked
social and technical systems across varied systems of provision, distinct
geographies and built environments.
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CHAPTER 7

Promote Integrated Policy Design
to Overcome Social and Technical
Challenges for Agrivoltaic Deployment

Alessandro Sculio, Pinar Derin-Giirve, Ivan Gordon,
Angela Ciotola, and Hanna Dittmar

Policy Highlights To achieve the recommendation stated in the chapter
title, we propose the following;:

e Provide an overarching shared definition of Agrivoltaics (AV) with
a precise balance between the agriculture and energy components—
general enough to guarantee agriculture will be kept as the primary
activity but flexible enough to adapt to the specific conditions.

e Fund further Research and Development (R&D) through pilot
projects to investigate different technical configurations and crucial
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parameters to improve the balance between energy production and
farming.

e Identify an integrated scheme of incentives for AV to prevent
agriculture from being abandoned in favour of energy production.

e Engage with local communities to develop local and national criteria
for implementing AV, support the continuation of agricultural
activity, raise local awareness, and foster active community involve-
ment in AV projects to maximise regional economic benefits and
avoid extractivist behaviours.

e Facilitate the dialogue between Social Sciences and Humanities
(SSH) and Science, Technology, Engineering and Maths (STEM)
communities by constructing a common definition of the AV policy
problems at stake.

Keywords Agrivoltaics - Solar energy - Semi-structured interviews -
Socio-technical - Europe
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7.1 INTRODUCTION: AGRIVOLTAIC DEPLOYMENT
AS A SOCIO-TECHNICAL INNOVATION PATHWAY

This chapter focuses on policy recommendations for the Agrivoltaic
(AV) sector, which is considered a pivotal trigger for the energy tran-
sition. We adopt a socio-technical approach to consider the interplay
among technological, economic, and societal components in deploying
Renewable Energy System (RES) technologies. Energy transition has
been widely recognised as a paradigmatic socio-technical innovation,
involving the co-evolution of technological and societal (cultural, regula-
tory, and economic) components (Geels & Schot, 2007). The promotion
of interdisciplinary dialogue among Technical and Social Sciences has
been gaining relevance in identifying complex socio-technical challenges
to feed the design and implementation of effective policies tackling
this complexity. With this in mind, an interdisciplinary workshop was
held in November 2022 in Torino (Italy) to bring together both the
Social Sciences and Humanities (SSH) and Science, Technology, Engi-
neering, and Mathematics (STEM) communities belonging to the Joint
Programmes e3s and PV of the EERA consortium.! The focus was iden-
tifying the specific socio-economic and technological challenges for large-
scale PV deployment, recognising AV as a promising and challenging
socio-technical innovation requiring joint SSH-STEM research.?

Solar energy, in general, stands as a foundational element in the EU’s
journey towards cleaner energy under the European Green Deal and
the RePowerEU plan (European Commission, 2019, 2022). However,
in densely populated areas (e.g., Western Europe), competition between
energy generation and farming to use large plots of land is a crucial
issue in energy policy design. AV has excellent potential to address this
competition, as it uses land for simultaneous solar energy production
and agriculture production. This can reduce the competition between
food and energy systems while helping meet energy and food demands
(Gomez-Casanovas et al., 2023). Therefore, AV, where surface area is
used for multiple purposes, including energy production, are vital for
a successful low-carbon energy transition by promoting complementary,
rather than competitive, relationships between critical land uses (Pascaris
et al.,, 2021). AV represents a testbed to promote interdisciplinary and
cross-sectoral dialogue and policy design.
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The deployment of AV is a multifaceted process running on many
scales (local, national, global) and various domains (technical, regula-
tory, cultural) that requires an equally multi-dimensional and integrated
perspective in its analysis and the definition of policy-supporting tools
(Casanova, 2023). AV deployment involves multiple actors, processes, and
interests that might hamper, or even stop, the innovation pathways of
AV. The different perspectives between project implementers and local
communities regarding the trade-oft between (1) land use for farming
and energy production, (2) the balance between jobs lost and jobs gained,
and (3) the procedural constraints of the authorisation processes are just
a few examples of the dynamics that might slow AV adoption. All this
clearly illustrates the need for an effective dialogue between STEM and
SSH experts aiming to solve this complex matter.

This chapter draws upon a mixed, qualitative research methodology
(literature review, questionnaire, interviews) implemented by an interdis-
ciplinary team consisting of experts in STEM (Physicists and Engineers)
and SSH (Sociologists, Economists, and Lawyers) aimed at refining what
the scientific and policy communities have identified as the main chal-
lenges and possible solutions for AV deployment in Europe. A literature
review was conducted to get the broader context of existing policies,
regulations, and institutional frameworks that impact the deployment
of AV. A questionnaire was conducted, with the questionnaire designed
jointly by SSH and STEM researchers as it included both technical and
social questions. Semi-structured interviews were conducted with various
European stakeholders (policymakers, farmer associations, PV Agrivoltaic
developers, and researchers) based on their disciplinary background (tech-
nical vs non-technical) and their role in the AV field (Sculio et al., 2024),
to get an original and critical view of the growing knowledge of AV
deployment obstacles and opportunities. Our policy recommendation was
developed based on insights obtained through these three methods.

7.2 CHALLENGES FOR AV DEPLOYMENT

Based on the literature review, the challenges for AV deployment can
be clustered into five main dimensions: Conceptual, Technological,
Economic, Social and Environmental, and Institutional. The interview
questions were informed by these dimensions. Each cluster is briefly
described in this section, and the interview insights are reported.
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Regarding the Conceptual dimension, a common definition of AV is
not universally accepted and adopted in the policy and scientific domains.
AV systems must integrate Photovoltaics (PV) with farming activities,
which must be kept as the primary goal. The lack of definition leads to
varying amounts of farming and electricity production. One interviewee
remarked, “If we only bad electricity, I would not consider it Agrivoltaic
anymore” (14). Another said, “Ir is tough to find a definition becaunse
agriculture is so broad, but a not perfect standard (SPEC 914343) or defi-
nition is much better than no definition” (11). This is a crucial societal and
policy issue since defining an AV system and prioritising energy produc-
tion versus farming determines how the supporting policies are defined.
An interview participant commented, “I is essential to separate free field*
PV and AV. AV is different concerning subsidies, taxes, and the hevitage of
lands... one thing to prevent is pseudo-agriculture, so people pretend to have
agriculture fields, but they only have PV” (13). Additionally, the “EU does
not requive member states to have definitions in the Common Agriculture
Policy” (I5), so integrating AV into incentive schemes remains unclear.

As for the technological dimension, even though research on AV systems
has increased, technical challenges must be addressed to maximise elec-
tricity generation, while minimising the negative impact on crop yield.
Several aspects of this question refer to the trade-offs emerging through
the integration with agriculture. On the energy side, “it is not expected to
have the optimum electricity production because PV settings should adapt to
agriculture. On the farming side, the impacts depend on the selected crop
and several site-specific factors such as the soil, avea and climatic condi-
tions” (14). Production might be affected in terms of productivity (i.c.,
the quantity of yield) and organoleptic and nutritional properties (i.c.,
quality of the yield).

In terms of the Economic dimension, there are many, diverse challenges
for AV users that can be grouped around four main categories: (1) dealing
with the financial aspects of AV related to funding installations, assessing
the profitability of the investments, and considering the impact on the
quality and quantity of crops; (2) expected but unpredictable changes in
the price of land; (3) assessing the extent to which AV can mitigate the
competition between energy; and (4) agriculture production impacting
the income of the local communities (Al Mamun et al., 2022; Chatzi-
panagi et al., 2023). Given that the primary activity of farmers should
be farming, attention is primarily paid to the impact of AV on farmers’
income and farming production, both affected by three central dynamics
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that can be triggered by AV deployment. Firstly, the increase in the price
of agricultural land that can host AV might result in barriers to expanding
agriculture activities. Secondly, AV can have different adverse effects on
farmers’ income depending on the different crops, with greater decreases
expected for arable than horticultural crops. Finally, a distortion might
quickly arise in connection with the economic benefit, if the net income
for farmers adopting AV increases to the point that they could give up
the cultivation of crops and focus on electricity production. In addition to
hampering the maintenance and profitability of agriculture activity, such
dynamics might change the role and identity of farmers from being well-
established and recognised actors in the food sector to being new (and
underrepresented) actors in the energy sector. Considering the unpre-
dictable socio-economic distortions that might arise from AV deployment,
attention should be paid to guaranteeing that AV is always an additional,
rather than the primary, source of income for farmers.

As for the Social and environmental dimensions,” AV deployment
might impact the environment, landscape, adopters of AV, recipient
communities, biodiversity, and the surrounding ecosystem (Casanova,
2023; Hu, 2023; Taylor et al., 2023). Regarding the effect on the land-
scape, opinions diverge due to both the objective diversity of AV systems
under scrutiny, and the subjective perspective of the observer. It seems
true that “...in some rural landscapes - climate-friendly aveas and beauntiful
landscape - people say that we do not have to put [PV] panels there becaunse
the artificialisation of the soil could alter the landscape” (15). However, it
is also true that “...the beauty and landscape arve perceptions and people see
it differvently” (14), and not all modifications of the natural landscape are
harmful.

Unlike other RES technologies, AV should, in principle, enable recip-
ient communities to be more involved, but this potential is not adequately
exploited. An optimistic view highlights that while “local communities do
not accept solar parvks becawuse big companies usually buy land and are the
only ones profiting from it, AV could be different, and communities could
divectly benefit from energy production either as producers or divect users”
(I3). Yet, for local communities to actively participate in AV, special effort
needs to be made to involve farmers and communities, as they “need
to know why the promoters intend to use the system, the benefits, and the
trade-offs. We should be honest; it should be their decision to adopt it or
not” (14). In short, given that public awareness and acceptance among
farmers and rural communities are pivotal components influencing AV
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deployment, attention must be paid not only to which impacts are likely
to be produced by AV deployment, but also to how these impacts are
perceived by, communicated to, and discussed with the affected commu-
nities. Timely and effective engagement strategies should be put in place
by the AV promoters.

Community engagement relates to the Institutional dimension of AV,
which refers to regulations and policies. It has been recognised that
involving people, not only helps increase acceptance, but can also play a
role in defining effective regulations (Bryner, 2001) - “farmers and people
arve critical and should be involved in the regulations. Suppose the former
wants to install an AV. In that case, many regulations are costly, so they
should ask o middle person to facilitate the interpretation of the reguin-
tions and find funds. This is why we should go in this divection; government
and policies should follow this” (13). This uncertainty about the rules
that are regulated by experts could be mitigated by involving the final
recipients—this is typical of new policy fields such as AV deployment.

Heterogeneity among EU Member States produces a lack of harmon-
isation of legislation in the EU. In several Member States, land character-
isation may change after the realisation of an AV installation, introducing
legal obstacles for the farmer. Such a change may result in exclusion
from the Common Agricultural Policy (CAP).® Moreover, farmers may
lose agricultural subsidies. Uncertainties and financial consequences may
result in a perception of legal insecurity and possible loss of income
for the farmer or the investor. All stakeholders interviewed noted that
AV is still poorly incorporated in the Member State’s national strategic
plans and policies, risking that AV deployment might fail to increase
complementarity between energy and agriculture production.

7.3  AcHIEVING OUR RECOMMENDATION

The Joint Research Council (JRC) report on the potential of and chal-
lenges for AV in the European Union, which included 17 possible
interventions at the EU level, was used as a stimulus to support inter-
view discussions (see Sculio et al., 2024). Interview participants were
asked to reflect upon and prioritise the policy options; in doing so,
they highlighted shortcomings of existing policy options, identified addi-
tional policy recommendations, discussed implementation challenges,
and commented on the interaction between policies. These discussions,
coupled with the literature review, supported the identification of our
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policy recommendation to promote integrated policy design to overcome
social and techmical challenges for agrivoltaic deployment, supported by
the following four sub-recommendations.

There is a need to define AV and implement standarvdised systems
across the EU to ensure harmonisation of policies, develop adequate stan-
davds for AV, and diffeventiate AV systems from traditional PV systems
on agricultural land. The latter is crucial to prevent greenwashing, as is
streamlining permitting processes and prioritising grid connections. For
this aim, STEM and SSH expertise must be carefully merged to clearly
understand the expected balance of energy and agriculture production
for a PV system to be considered AV and mitigate the risk of triggering a
distortion in the pre-existing agriculture production and culture.

Further Research and Development (R&D) funding, using national
and EU level funds, through pilot projects is needed to investigate
different technical configurations and establish AV quality standards and
parameters to improve the balance between energy production and
farming, which could include farmers and researchers from PV and Agri-
culture. Here, the focus is on promoting real-world experiments that can
grasp the interaction among the many site-specific variables in various
socio-economic, environmental, and farming contexts. STEM expertise is
crucial for designing, implementing, and monitoring projects, while SSH
should engage and create a framework for social and economic impacts.

An adequately integrated scheme of incentives for AV needs to be estab-
lished to avoid abandoning agriculture in favour of energy production,
with specific attention paid to integrating AV projects into the CAP frame-
work. It is essential to ensure the continuity of farming activities and
land preservation post-AV deployment by assuring transfer rights will
not be disadvantageous in case of farm inheritance, and to guarantee
CAP subsidies for farms with certified AV systems. The promotion of AV
through CAP strategic plans, coupled with dedicated financial support
and capacity targets at the national level, underscores a commitment
to fostering AV adoption. These delicate aspects need SSH expertise,
mainly economic, with support from juridical and sociological fields for
regulatory integration and assessing inequality.

Local communities must be effectively engaged, as the centrality of
farmers and rural communities in AV promotion, economic benefits,
and property security are highlighted alongside efforts to enhance public
awareness and acceptance of AV initiatives. There are two ways in which
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communities need to be engaged. The first refers to the need to rein-
torce AV deployment strategies by taking advantage of embedded local
practical farming knowledge to develop local and national criteria for
implementing AV, and support the continuation of agricultural activity,
define capacity targets suitable to the specific contexts, provide effective
regulatory framework, and support spatial planning by identifying suit-
able agricultural land for AV deployment. The second refers directly to
the local awareness-raising and active involvement of the community in
AV projects to maximise benefits for the regional economy and employ-
ment, and to avoid predatory behaviours from a few specialised companies
promoting AV plants from outside.

The dialogue between STEM and SSH expertise should be well-
designed and continuous for the local engagement to be successfully
implemented. SSH must put in place all the theoretical and method-
ological tools to assess local communities’ needs and opportunities, and
define the most suitable engagement strategies. At the same time, STEM
is required to support the design and implementation of AV projects
by integrating local knowledge and expertise to promote a co-design
approach.
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NOTES

1. European Energy Research Alliance (EERA) is a wide consortium
comprising academia and research institutes from around the EU
and is structured in 18 Joint Programmes. The two involved in both
the workshop and the chapter are JP clean Energy Transition for
Sustainable Society (e3s) and JP Photovoltaic Solar Energy (PV).
More details at, https://www.eera-set.cu/.

2. Short proceedings of the Turin workshop are available at https://
www.eera-e3s.eu/event/3366:let-the-sunshine-in-addressing-the-
challenges-for-pv-exploitation-in-the-eu-17.html.
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3. Details on the standard can be found here: https: //www.normadoc.
com/english /din-spec-91434-2021-05.html.

4. Ground-mounted PV systems, also known as free-field solar power
plants.

5. We considered jointly the Social and environmental dimensions, as
the scope of the chapter is mostly on the local impact of AV that
allows to consider better the interaction among the different social
and technical dimensions; therefore, we do not concentrate on the
mitigating effect of AV in terms of the environment.

6. More information on CAP can be found at the following link:
https: / /eu-cap-network.ec.ecuropa.eu,/common-agricultural-policy-
overview_en.
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Policy Highlights To achieve the recommendation stated in the
chapter title, we propose the following:

e Facilitate the establishment of observatories to monitor social accept-
ability of low-carbon energy technologies at the EU and national
levels.
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e Offer technical assistance to help Member States incorporate social
acceptability factors into their energy transition strategies.

e Develop training programmes to integrate social acceptability factors
into the design of low-carbon energy projects from the start.

e Assist countries in managing and resolving disputes and interactions
regarding different low-carbon energy technologies.

e Social Sciences and Humanities (SSH) Science, Technology, Engi-
neering and Mathematics (STEM) collaborative recommendations
can ensure policies are informed by a nuanced understanding of tech-
nical and social structures, making them more practical and widely
accepted.

Keywords Low-carbon energy - Topic modelling - Community
engagement - Public perception - France

8.1 INTRODUCTION

The REPowerEU Plan involves accelerating Europe’s clean energy transi-
tion (European Commission, 2022). This means speeding up renewables
deployment, including issuing permits for project implementation and
reducing the time for project roll-out. For instance, it takes up to 9 years
to obtain a permit for onshore or offshore wind energy projects and
up to 4.5 years for solar photovoltaics (PVs) (European Commission,
2022). To expedite this process, the European Commission (EC) suggests
more participatory approaches that involve local and regional authorities,
setting up special ‘go-to’ geographical areas for renewable energy as a top
priority, and creating special zones (‘regulatory sandboxes’) to generate
new ideas. These suggestions call for swift and strong actions, but often
ignore the local and national opposition to projects, rarely treating social
acceptability as crucial in the early design stages.
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In this chapter, we investigate the social acceptability of three low-
carbon energy technologies, focusing on the case of France: offshore
wind turbines (using huge fans in the sea to generate electricity from the
wind), agrivoltaics (integrating photovoltaic [PV] modules into agricul-
tural land without reducing its productivity), and nuclear fusion (joining
small atoms to make a larger one and release energy). Social acceptability
means “the consent of the population in a project or decision resulting
from collective judgment that the project or decision is superior to known
alternatives, including the status quo” (Gendron, 2014, p. 118). Social
acceptability of low-carbon energy projects involves multiple stakeholders
at different levels, leading to legitimate arrangements and rules that align
with each territory’s vision and the stakeholders” preferred development
model (Fournis & Fortin, 2015).

In 2015, France committed to the Paris Agreement to address
climate change, aiming to keep global temperature increases under 2 °C,
and ideally below 1.5 °C. This goal requires shifting from fossil fuels
(comprising 60% of France’s energy production-40% oil, 20% natural gas
and < 1% coal) (RTE, 2022) to cleaner energy sources, and cutting energy
use in France by 40% by 2050, back to the 1960s’ levels. By 2035,
renewable energy’s share in electricity production in the French energy
mix must reach at least 40% (excluding nuclear energy). However, efforts
to increase renewable energy have faced problems, such as difficulties in
finding suitable land and struggles in balancing energy needs, environ-
mental restoration, and community concerns (CESE, 2022). Scenarios
show that France must boost its renewable energy capacity, regardless of
nuclear power’s role. Moving to renewable energy also means shifting
to decentralised power, leading to more energy projects and poten-
tial conflicts with a progressively sensitive civil society (Sebi & Bally,
2023). These problems reveal social acceptability concerns that should
be considered in renewable and low-carbon energy projects.

Offshore wind turbines and agrivoltaics are mature technologies in
France. In 2022, Europe had around 30 GW of offshore wind farms
in operation. France has 16 offshore wind farms installed or planned,
totalling 8 GW by 2032, but only one farm is currently operational.
Agrivoltaics systems are now expanding significantly. In 2022, ADEME
(French Agency for the Environment and Energy Management) recorded
167 agrivoltaics projects in France, with a capacity of 1.3 GW. France’s
Multiannual Energy Programme (PPE) stipulates that solar energy
production in 2028 must reach 44 GW, including agrivoltaics (Ministere
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de la Transition Ecologique et Solidaire, 2020). Conversely, nuclear
fusion is perceived as a future technology, facing substantial scientific
and technical hurdles that need resolution before the technology reaches
the market. The interest in these three approaches stems from their dual
role in energy production and carbon—neutral technologies, their frequent
social controversy, and their intricate governance challenges.

Our policy recommendation is based on the following assumptions:
(1) Various factors spread through public discussions and shape the social
acceptability of low-carbon energy technologies over time, (2) How social
acceptability appears and varies between the local and the national levels,
and (3) Sources of social acceptability and unacceptability exist among
the three low-carbon energy technologies, challenging the energy mix
acceptability.

We, the authors, come from interdisciplinary backgrounds, including
four Science, Technology, Engineering and Mathematics (STEM)
researchers, with these specialisations: (1) thermal energy storage and
wind power, familiar with French energy regulations; (2) complex system
modelling, focusing on agrivoltaics in France and its social acceptance; (3)
plasma Physics for nuclear fusion; and (4) Computer Science, handling
data collection and analysis. Two Social Sciences and Humanities (SSH)/
Management Science researchers contributed their expertise in innova-
tion adoption and social acceptability at individual and institutional levels.
The STEM and SSH contributors’ synergy is crucial for this project,
due to the topic’s intrinsic nature. For example, STEM researchers
explained the complex technologies behind low-carbon energies, while
the SSH researchers identified aspects of these technologies that could
cause community apprehension.

We used topic modelling and sentiment analysis of the keywords in
press documents (published in 2013-2023, extracted from the Euro-
presse! database (Clain et al., 2024)). We first reviewed prior research
on the social acceptability of the three low-carbon energy technolo-
gies—offshore wind, agrivoltaics and nuclear fusion—in specific European
countries, including France. This review helped us to recognise the
social, political, technological, and institutional determinants of social
acceptability. It is also laid the foundation for the three assumptions
underpinning the recommendation (see Sect. 8.1). We then analysed the
French national and local daily newspapers using the Europresse database,
searching for articles containing predetermined keywords—we obtained a
total of 27,422 articles (from January 1, 2013, to December 31, 2023).
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Oftshore wind accounted for the highest number of articles (27,781),
followed by agrivoltaics (4324) and nuclear fusion (1317) (Clain et al.,
2024).

8.2 UNPACKING THE SOCIAL ACCEPTABILITY
OF Low-CARBON ENERGY TECHNOLOGIES

8.2.1  Social Acceptability of Low-Cavbon Energy Technologies

Social acceptability addresses the key question about implementing energy
projects (‘what for?’) and is considered ahead of the project’s deci-
sion. In the low-carbon energy technology context, social acceptability
goes beyond the Not-In-My-Backyard (NIMBY) eftect. It is not limited
to characterising opposers and supporters, but strives to reveal how
power relations shape these technologies, their deployment, and people’s
responses (Batel, 2020).

Social acceptability values citizen intelligence, integrating it into the
projects. The exchanges among the stakeholders aim to build common
learning in order to reach social consensus (Batellier, 2012). Social
acceptability is thus a question of shared values and beliefs, referring
to a collective evaluation rather than to individual positions. Neverthe-
less, perceiving community benefits merely as tools to enhance social
acceptability overlooks the complexity of acceptability. In fact, social
acceptability from communities is an essential condition before plan-
ning permission can be granted (Cowell et al., 2011). Low-carbon
energy projects need to consider the macro-economic level (making major
social agreements that influence development plans and project struc-
tures), the meso-political level (making fair rules and decisions to help
different strategies work together and solve major disagreements through
planned arrangements), and the microsocial level (coordinating among
people or groups to make sense of low-carbon energy projects and work
together) (Fournis & Fortin, 2015). Overall, social acceptability not only
considers the stakeholders’ immediate reaction (agree, tolerate or reject)
to low-carbon energy projects, but also deals with their values, atti-
tudes, and beliefs regarding technologies, infrastructures, society, and the
environment.

We reviewed 21 studies (period: 2013-2023) about 9 EU coun-
tries (Austria, Belgium, Denmark, Finland, France, Germany, Hungary,
Poland and Spain) and the UK focusing on the social acceptance and
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acceptability of the three mentioned low-carbon energy technologies.
Our analysis of the key findings reveals three critical areas: (1) Public
pervception and attitude vary widely due to cultural, socio-economic and
political contexts, affecting how technologies are accepted, (2) Policy
and governance are crucial for adopting and effectively implementing
these technologies, significantly influencing public reception, and (3)
Success and acceptability rely on more than technical aspects; contextunl
factors—local conditions, economic factors, and project visibility—are also
pivotal.

Social acceptability differs across European nations shaped by each
country’s unique circumstances. For example, in Germany and the UK,
oftshore wind turbines’ acceptability is affected by geographical, envi-
ronmental, and community impacts. Conversely, agrivoltaics in Germany,
Belgium, and Denmark is influenced by how well agricultural and energy
policies align. Similarly, the reception of nuclear energy and nuclear fusion
in countries such as Austria, Finland, Spain, Belgium, and Hungary hinges
on a blend of historical, cultural, and political influences, as well as public
awareness and education.

8.2.2  Focus on the Social Acceptability of Offshove Wind Turbines,
Agrivoltaics, and Nuclear Fusion in France

Social Acceptability Has Gained Significant Attention in Discussions
About Large-Scale Energy Projects in France

French people support wind energy but often oppose local wind farms.
The Harris Interactive poll showed that 73% of French people positively
viewed wind energy (Lévy et al., 2018). The Institut Frangais d’Opinion
Publique (IFOP) survey in 2021 found 77% of the respondents expressed
a positive view of wind power (Chasles-Parot & Chatelet, 2021). Addi-
tional surveys indicated a generally favourable perception, with figures
ranging between 76% (Lévy et al., 2021) and 71% (Bracq & Sliman,
2021). Nevertheless, two-thirds of wind farm projects encounter resis-
tance and administrative hurdles from local groups opposed to nearby
installations, often delaying, or halting these projects. Social acceptability
is a delicate and time-consuming process to cultivate and, once formed,
is difficult to overturn.
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Agrivoltaics Social Acceptance Was Taken for Granted by the French
Government

The law passed on 10 March 2023 (République Frangaise, 2023) aimed
to accelerate agrivoltaics technology roll-out, emphasising its benefits to
farmers and anticipating its social acceptance. Recent studies addressed
the social acceptability of agrivoltaics due to institutional and governance
concerns (Torma & Aschemann-Witzel, 2023). In France, the decree
(République Frangaise, 2024) endorsing the law of March 2023 sets a
default maximum PV module coverage of 40% on plots for solar farms
over 10 MW. Conversely, France’s National Research Institute for Agri-
culture, Food, and Environment (INRAE) has warned that coverage
beyond 20% significantly reduces agricultural output, questioning the
economic viability of the agrivoltaics installation (Mongenier, 2023).
Agrivoltaics deployment often leads to land-use conflicts and uncertainty
among local stakeholders (Carrausse & de Sartre, 2023).

Public Opinion on Nuclear Fusion Is Influenced by the Existing

Nuclear Fission Landscape

France’s nuclear fission infrastructure is significantly larger than the Euro-
pean average. Germany have been reducing their reliance on nuclear
energy, initiating a phase-out in 2010 and have already closed six nuclear
fission reactors. Italy completely ceased its national nuclear fission produc-
tion following a 1987 referendum. France’s extensive use of centralised
nuclear fission, with 46% of its citizens supporting nuclear energy (ASN,
2023), might lead to more positive public attitudes towards nuclear fusion
compared to Germany (Jones et al., 2019). In France, public discussions
about nuclear fusion are primarily held in Provence, where the Inter-
national Thermonuclear Experimental Reactor (ITER, 2024)—a global
effort involving members such as the EU, Japan, Russia, the USA, China,
South Korea, and India—is under construction. Viewed as a path to
clean energy, this international commitment has garnered support from
a segment of the public that believes in the potential of nuclear energy.

The Focus on Nuclear in Social and Political Systems Slows

Non-Nuclear Low-Carbon Energy Adoption in France

Social acceptability poses a key challenge to France’s achievement of a
100% renewable energy mix, including oftshore wind power—in France,
this scenario is even harder to accept than the one where nuclear power
makes up 50% of the energy mix (RTE, 2022). The nuclear influence
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dominates the discourse on energy decarbonisation in France. A key
argument against offshore wind turbines is that this technology is not
essential to France’s energy strategy. The growth of other renewables
struggles with inconsistent government support, highlighting the French
Government’s preference for nuclear energy (Desvallées & de Sartre,
2023).

8.2.3  Results and Analysis

The rising number of articles on offshore wind in the 2020s coin-
cided with the enactment of laws accelerating public action (République
Frangaise, 2020). By 2022 and 2023, 4000 articles were published annu-
ally, 80% by regional newspapers. These laws enabled the wind power
industry to launch multiple projects along the same coastline, and paved
the way for broadening public debate for the 2024 decision-making on
maritime and offshore wind energy.

Agrivoltaics coverage grew in the 2020s, peaking in June 2023 due to
the law of March 2023. Concerns over crop shading, waste, and chemicals
from agrivoltaics emerged. Debates about the coverage rate for agri-
voltaics plants (over 10 MW; 40% versus 20%) questioned the economic
viability threshold. Other articles focused on cohabiting between energy
production and agriculture.

Nuclear fusion witnessed increased media attention, spiking with
significant events, including the Germany-Wendelstein 7-X experiment
in 20162 and US fusion records in 2021. From 2021 to 2023, there
was a notable increase in nuclear fusion discussions, likely driven by more
private investments in the technology and the impact of Russia’s invasion
of Ukraine on talks about Europe’s energy self-sufficiency.

The next step of the analysis entailed grouping similar words, selecting
keywords, and identifying the main topics in the news. We used topic
modelling algorithms to explore technology themes (Clain et al., 2024).
Finally, the sentiment analysis revealed public feelings about these tech-
nologies over time (Clain et al., 2024).

Factors Shaping Social Acceptability of Low-Carbon Energy

Technologies Over Time

The initial topic modelling analysis identified the key factors and stake-
holders influencing the social acceptability of the analysed low-carbon
energy technologies in France (Clain et al., 2024). Offshore wind is
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challenged both technologically and socio-politically as diverse stake-
holders—including industry experts, policymakers, and local communi-
ties—engage in debates about the technology, with this highlighting
the need to consider and balance their different perspectives. Agri-
voltaics, which combines energy production with agriculture, involves
farmers, technology companies, and local communities, focusing on
creating economic—environmental synergies and emphasising the need
for effective communication. Nuclear fusion concentrates on innova-
tion and international research collaboration, involving global research
bodies and governments, particularly in reactor development and funding.
The analysis highlights convergences, including innovation, investment,
international cooperation, and technological synergies, alongside distinc-
tions such as technological maturity and local impacts, among the social
acceptability factors regarding the three low-carbon energy technologies.
Opverall, there is a need to gauge and enhance public acceptance and
adoption of these technologies.

Social acceptability varies significantly across different levels—locally,
offshore wind and agrivoltaics occasionally encounter resistance due to
environmental and aesthetic concerns, but are broadly supported as
renewable sources. Nuclear fusion faces mistrust, largely due to histor-
ical nuclear fission accidents and ongoing concerns over nuclear waste
management, despite it promising significant long-term environmental
benefits with minimal waste. However, the real environmental impact of
nuclear fusion has yet to be assessed. Overall, there is a need to ensure that
low-carbon energy technologies are designed with community support
and understanding in mind.

Sources of Social Acceptability and Unacceptability of the Three
Low-Carbon Energy Technologies

Finally, the sentiment analysis sorted the 10 most positive and the 10
most negative articles associated with each low-carbon energy technology
(Clain et al., 2024). The analysis shows that social opposition to low-
carbon energy projects emerges most strongly during public inquiries,
marking a significant difference from more tempered public debates and
opinion polls. During these inquiries, local communities become aware
of the projects’ real and immediate impacts, sparking more intense reac-
tions. The diverse arguments from opponents cover ecological, landscape,
economic, and governance issues, as well as challenges related to French
energy policy, local job creation, and financial impacts. Although these
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ideas are intertwined and complex to untangle, the emerging hierarchy of
concerns indicates the priorities and sensitivities unique to each commu-
nity facing different energy projects. Overall, there is a need to equip
individuals with the skills to promote and implement low-carbon energy
technologies effectively, and to ensure smooth integration and conflict
resolution in the energy sector.

8.3 AcHIEVING OUR RECOMMENDATION

As the EU accelerates its energy transition, the importance of low-carbon
energy technologies’ social acceptability cannot be overstated. Our anal-
ysis highlights the multifaceted nature of social acceptability, influenced
by cultural, socio-economic, and political contexts that vary significantly
across countries. In France, technologies, such as offshore wind, agri-
voltaics, and nuclear fusion, are received differently, based on local percep-
tions, institutional contexts, and interactions among various stakeholders.
This variance underscores the need for policies that are both technically
sound, and culturally and socially informed. Thus, we formulated our
policy recommendation—increase social acceptability of nuclear fusion,
agrivoltaics, and offshore wind through national support programmes—
which can be achieved through the following actions addressed to the
European Commission.

Observatories should be established for low-carbon energy technolo-
gies, to allow the systematic analysis and monitoring of social acceptability
factors regarding various low-carbon energy technologies across the
EU and at the national level. This initiative would involve collecting
data, conducting research, and disseminating findings to inform and
guide policy and project implementation. These observatories would
help diffuse transparent communication campaigns that clearly outline
the energy projects’ benefits and potential impacts, addressing concerns
proactively to foster trust and acceptability.

Dedicated technical assistance should be provided to EU member
states to help them integrate social acceptability factors into their energy
transition strategies. This support could include offering advisory services,
sharing best practices, and facilitating workshops and seminars to build
capacity at national and local levels.

Comprehensive training programmes for facilitators and project
managers should be developed and implemented. Dealing with low-
carbon energy technologies, these programmes should focus on the
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integration of social acceptability factors from the early stages of project
design, ensuring that facilitators are well-equipped to handle community
engagement and conflict resolution.

Countries should be assisted in understanding, and effectively
managing, the interactions and disputes arising from various low-carbon
energy technologies. This support could involve conflict resolution
services, mediation between stakeholders, as well as the development of
guidelines for managing technological and sectoral overlaps.

These recommendations aim to address the critical elements of
social acceptability identified through our research. By focusing on
enhancing community engagement, fostering cross-sectoral collaboration,
and educating stakeholders, the EU can ensure a smoother transition to
a sustainable energy future. These strategies will help mitigate the risk
of social resistance and maximise the societal benefits of transitioning to
low-carbon energy sources.

NOTES

1. https://www.europresse.com/ .
2. The world’s largest fusion device of the stellarator type.
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Policy Highlights To achieve the recommendation stated in the
chapter title, we propose the following:

e EU Member States must enforce the implementation of a compre-
hensive, multi-layered security approach to enhance and strengthen
the defence of digital energy systems.

e EU Member States must enforce mandatory cybersecurity training
programmes to address human vulnerabilities. Energy operators
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must undertake these programmes to ensure adequate education and
promote digital hygiene.

e All EU Member States should deploy Artificial Intelligence ethically
to improve the sector’s cybersecurity while sharing the technology’s
benefits equitably with all stakeholders.

e Interdisciplinary approaches, combining Engineering and Social
Science insights, can inform recommendations to address complex
cybersecurity challenges.

Keywords Layered security - Human factor - Cybersecurity training -
Predictive Al - Interdisciplinary collaboration

9.1 INTRODUCTION

The EU Green Deal targets reducing greenhouse gas emissions by 55%
and boosting the share of energy from renewable sources to 45% (Euro-
pean Commission, 2019). The 2022 REPowerEU plan outlines strategies
for conserving energy, diversifying supply, and expanding renewable
energy utilisation (European Commission, 2022). Together, these initia-
tives aim to ensure that all EU citizens can access reliable, affordable, and
environmentally sustainable energy (European Commission, 2024).
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Digitalisation has already contributed much to energy systems,
including advanced energy management and distribution through smart
grids, i.e., networked power grid control equipment that relies on Infor-
mation and Communication Technology (ICT) (Eder-Neuhauser et al.,
2017). Smart grids support the integration of renewable energy sources
and dynamically balance supply and demand, enhancing grid stability
and efficiency. Data analytics and Artificial Intelligence (AI) advances
add to energy supply management, addressing variability and storage,
optimising energy use, forecasting demand, and implementing preventive
maintenance (European Commission, 2023).

Yet, energy sector digitalisation also introduces considerable security
challenges. Digitalised energy systems are more vulnerable to cyberthreats
since the increasing integration of ICT, smart meters, data collectors,
and other connected devices expands the potential entry points for cyber
attackers, making possible disruption of service or data theft (ECSO,
2018).

The Internet of Things (IoT) is a network of physical devices
embedded with sensors, software, and other technologies connecting and
exchanging data with other devices and systems over the Internet, whose
inclusion in power networks exposes smart grid devices to wired and
wireless cyberattacks (Ghiasi et al., 2023).

Additionally, energy systems have traditionally been split into phys-
ical infrastructure used in energy generation and transmission (known as
Operational Technology, or OT), and Information Technology (IT) used
in the administration domain. However, the energy sector’s reliance on
smart OT systems has expanded exponentially, removing the separation
between physical and digital infrastructure. This shift has implications for
security since attacks like ransomware start in I'T environments but can
potentially spread to OT networks.

Therefore, cybersecurity is at the forefront of the EU’s efforts to main-
tain and develop digitally secure and resilient energy systems. Adopting an
interdisciplinary approach to address this complex challenge, which has
different technical, legal, ethical, and social dimensions, is essential. The
interdisciplinary method combines Science, Technology, Engineering and
Mathematics (STEM) fields, which design and implement secure tech-
nical systems, with insights from Social Sciences and Humanities (SSH)
fields, ensuring that these technologies are socially responsible and legally
compliant.
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Specifically, this collaboration involves Electrical and Electronics Engi-
neering, Telecommunications Systems and Networks, Public Policy, and
Security Studies. The first two provide the technical backbone, delivering
advanced solutions for secure infrastructure and reliable data communi-
cation. Public Policy insights ensure our recommendations comply with
current and future regulations, while Security Studies assess the societal
and ethical implications of these technologies, so that the policies mitigate
threats, enhance public trust, and reflect EU values.

This chapter presents a recommendation to protect the EU’s digital
energy infrastructure against an increasingly complex cyberthreat land-
scape. It highlights the necessity of robust cybersecurity strategies,
mandated training programmes, and the ethical integration of cutting-
edge technologies across Member States. These measures support the
European Green Deal’s objectives to decarbonise energy systems and
enhance energy efficiency at cost-effective rates.

The methodology that informed the development of the policy recom-
mendation included an in-depth analysis of a wide range of EU policy
documents, academic sources, and EU organisational reports, alongside
guidelines from well-known security vendors. It draws a comprehen-
sive picture of the current situation from legal, practical, and technical
perspectives on the path to a securely digitalised, cybersate EU energy
sector.

The chapter is structured as follows. Section 9.2 discusses common
cyberthreats and challenges in the digital energy sector. It analyses
the existing EU cybersecurity policy and regulatory framework and
explains how to implement comprehensive cybersecurity countermea-
sures. Section 9.3 concludes and sets out our policy recommendation for
EU Member States.

9.2  CYBERSECURITY IN THE DIGITAL
ENERGY SECTOR: CHALLENGES, CURRENT
PoLiCIES, AND RECOMMENDED ACTIONS

9.2.1  Common Cyberthreats and Challenges in the Digital Energy
Sector

Recent years have seen a significant increase in cyberattacks on the
critical infrastructure of the energy sector (ECSO, 2018; EnergiCERT,
2022), with the attack intensity and frequency hitting a peak in 2022
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(Casanovas & Nghiem, 2023). The energy sector’s vulnerability is notably
concerning, as it experiences 39% of all cyberattacks (Security, 2024).
Understanding the origins of these attacks is vital to defeating them.
External and internal sources pose considerable risks to the ability of
energy systems to function reliably and securely.

External threats include complex cyberattacks conducted by various
threat actors, namely individuals or groups carrying out malicious activi-
ties by exploiting hardware or software system weaknesses to damage their
targets (ENISA, 2023). Some state-sponsored groups engage in cyber
espionage and sabotage, threatening national energy security, whereas
organised cybercriminals execute coordinated attacks to disrupt energy
systems or secure financial gain by using ransomware to hold critical
infrastructure hostage, demanding payment for its release (EnergiCERT,
2022).

Advanced Persistent Threats (APTs) represent a substantial cyber risk
to the EU digital energy sector. These are prolonged, stealthy cyber
campaigns conducted by highly skilled actors aiming to steal sensitive
data or spy on organisations over extended periods (Chen et al., 2014;
ENISA, 2023). APTs targeting the energy sector could infiltrate energy
trading platforms to manipulate market prices or gain unauthorised access
to proprietary technology in renewable energy systems.

While most cyberthreats originate from external sources, internal
factors are also part of the threat landscape. Insiders, including employees,
contractors, and interns—with varying levels of trust and privilege—unin-
tentionally open the door for threat actors in approximately one-third of
incidents (Security, 2024 ) through deliberate attacks or accidental errors.
Such errors include misconfigured security settings, mishandling sensitive
information, or failing to update vital software.

Susceptibility to phishing attacks represents another primary vector
for internal threats. Phishing involves persuading potential victims to
divulge sensitive information through deceptive means, often appearing
as communications from legitimate sources—e.g. emails, messages, or
websites that impersonate trusted entities—employing scare tactics, or
urgent requests to provoke a response by exploiting the trust and access
granted to insiders (ENISA, 2023).

Smart grids and Supervisory Control and Data Acquisition (SCADA)
systems are typical targets for internal and external cyberattacks, due to
their interconnectedness and essential role in modern energy systems.
SCADA is a key technological backbone of the energy sector, enabling
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monitoring, and controlling processes, to efficiently manage power gener-
ation and distribution.

Smart grids are vulnerable to various cyberthreats, such as disrup-
tion attacks, primarily through Distributed Denial-of-Service (DDoS),
temporarily disrupting critical services and impacting grid operations.
Additionally, destructive attacks can cause physical damage to infras-
tructure, necessitating extensive repairs (Eder-Neuhauser et al., 2017).
Another attack targeting smart grids is theft, either of service (in this
case, energy services (McLaughlin et al., 2010)), or data, such as sensitive
information (Eder-Neuhauser et al., 2017).

SCADA systems’ ability to monitor and control grid operations makes
them particularly susceptible to cyberthreats, including destructive cyber-
attacks by APTs. In some incidents, APTs reprogramme Programmable
Logic Controllers (PLCs) to alter the functionality of fundamental equip-
ment, misleading operators with false ‘normal’ operating conditions. Such
tactics pose risks of operational disruption and highlight the severe poten-
tial for lasting damage to the physical components of the energy sector’s
infrastructure (Demertzis & Iliadis, 2018).

EU energy sector challenges extend beyond the previously mentioned
cyberattacks to broader concerns, encompassing the sector’s struggle to
ensure cross-border grid stability, adapt to evolving cyberthreats, and
integrate cutting-edge technologies (EECSP, 2017). Key issues include
standardising cybersecurity measures, protecting key operators, managing
supply chain risks, and developing crisis response mechanisms across EU
Member States (SGTF EG2, 2019).

Another threat to energy systems is advanced malware fuelled by Al,
as it may be highly targeted, activating only under certain conditions,
making it harder to detect and more harmful. Thus, traditional cyberse-
curity approaches need updating to combat this threat. Defence efforts to
establish the source of certain malware varieties are complicated because
they can blend seamlessly with legitimate software (Blauth et al., 2022).

Given the dynamic nature of cyberthreats, with human errors exac-
erbating the severity of the risk, and the emergence of Al-powered
malware, the EU is well aware that its cross-border energy sector must
address present challenges and proactively anticipate forthcoming threats.
Strengthening EU defences via standardisation, training, and innovation
is not just a suggestion but an absolute necessity to protect the future of
EU energy.
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9.2.2  Analysis of Existing EU Cybevsecurity Policy and Legislation
in the Digital Energy Sector

The EU has responded with detailed legislation in the face of the growing
cybersecurity threat to crucial energy infrastructure. The Network and
Information Security (NIS) Directive (European Union, 2016) was the
first piece of EU-wide legislation to attain a uniformly high level of
cybersecurity across the Member States.

The NIS2 Directive (European Union, 2022), following NIS, focused
on providing the EU energy sector with solid foundations for long-term
cybersecurity measures. It elaborated on the importance and eftective-
ness of detailed and immediate information sharing about incidents. The
newly adopted EU Network Code (European Commission, Directorate-
General for Energy, 2024) for the electricity sector aims to address energy
cybersecurity across the board, on the level of the Union, Member States,
regions, and entities.

To secure the digital energy sector, these are highly ambitious initia-
tives (Table 9.1) for well-integrated and resilient energy production,
distribution, management, and maintenance across the EU. However,
there are challenges on the path to their realisation. The key limitation
is the complicated nature of the EU constitution and institutional struc-
ture because Member States and their various regions and entities have
varying degrees of competencies, financial means, and instruments.

Traditional cybersecurity measures cannot keep up with the cyberthreat
landscape, especially due to Al advancements, which evolves much faster
than policy and training efforts at the national level. This creates a security
gap, especially for developing economies and lower-income sections of
the population, necessitating the EU to provide technical and financial
support to ensure a union-wide cybersecure energy supply.

While the newly adopted Network Code provides financing, it is too
early to confirm if actual delivery can match the ambition. The first
reading suggests the provisions might prove too complicated for the
sector’s weaker actors to benefit from the available financing.

Despite the comprehensive EU policies, gaps in how modern secu-
rity approaches are integrated and emphasised still exist. Proposing new
guidelines for Member States to adopt these security approaches within
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their national cybersecurity strategies for the energy sector does not elimi-
nate potential challenges, such as legacy systems, interoperability issues, or
the need for sector-specific guidance on how to implement these models.

9.2.3  Implementing Comprehensive Cybersecurity Countermeasurves
in the Digital Energy Sector

To enhance the cybersecurity of ICT energy systems, many countermea-
sures, such as technological, educational, and administrative ones, must
be implemented, at different levels. Regarding technology, cybersecurity
relies on many layers of protection, including perimeter defence, network
security, endpoint protection, and application security (McNab, 2017).

Cybersecurity in the constantly evolving threat landscape requires an
approach responsive to these evolutions, including shifting from network
segmentation to more micro-segmentation (breaking down security
perimeters into smaller zones, each requiring different access permission),
adopting zero-trust models (multiple security levels, including identity
verification, device authentication, application-level security restrictions,
and data encryption to ensure that security is not based only on a single
point of defence by requiring verification at each layer) over trusted
perimeters, shifting focus from threat prevention to response automa-
tion (automation of cyberattack and security incident prevention), and
expanding protection from networks to assets, data, and digital identities
(Cisco, 2023; McNab, 2017; Mukherjee, 2020).

Security in all its forms starts with the human factor, and cybersecurity
is no different. The human factor is the one element that could immensely
lower the incidence rates and the response time to incidental /accidental
cybersecurity breaches. Educating the staff working in and with digitalised
energy systems is crucial for overall cybersecurity.

The European Commission has underscored the gap in trained
personnel and the inadequacy of current educational curricula to defeat
the industry’s cyberthreats. The EU Member States have not imple-
mented a comprehensive action plan to mandate staft training to a unified
standard, nor created a collective EU-wide educational programme for
employees in the energy sector.

Cyberspace is an ever-evolving threat environment, and a minimum
level of knowledge is necessary to maintain a safe environment. Thus,
training courses following the regular assessment of employee knowl-
edge of the current threat landscape, and different training programmes
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Table 9.1
energy sector
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Analysis of key EU cybersecurity legislation specifically for the digital

EU cybersecurity
legislation

Key points

Key challenges

NIS Directive (2016/
1148)

Cybersecurity Act (2019/
881)

Elevating the network and
information systems security
across the EU

Establishing national
capacities in cybersecurity
Establishing cross-border
response to incidents
Improving EU cross-sector
cooperation and
cyber-resilience

Creating a Computer
Security Incident Response
Team network to ensure
prompt and appropriate
collaboration between
Member States

Bolstering EU
responsiveness to
cyberthreats

Improving cyber-resilience
and increasing trust in the
digital single market
Creating an EU
cybersecurity certification
model for ICT products,
processes, and services
Securing legacy
infrastructure

Surge of threat vectors
internally and externally
Implementing the NIS
Directive at different
degrees across the EU
Low cyber-resilience of
EU businesses

Lack of joint situational
awareness and crisis
response

Hike in ransomware
and malware attacks on
energy infrastructure
Building cooperation
among stakeholders
Uneven responses to
the certification
requirement across
sectors and Member
States

Stakeholder willingness
to cooperate in
updating legacy systems
and adapting to the
new threat landscape

(continued)
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Table 9.1 (continued)

EU cybersecurity
legislation

Key points

Key challenges

NIS 2 Directive (2022/
2555)

Network Code on
Cybersecurity for the
Electricity Sector (C/
2024,/1366)

Increasing the cybersecurity
framework to new sectors
(such as energy) and entities
Strengthening resilience and
responsiveness

Improving preparedness and
cooperation among Member
States

Establishment of the
European Cyber Crises
Liaison Organisation
Network for large-scale
crisis management
Introduction of
non-compliance fines on
entities

Developing EU electricity
sector rules

Addressing the cybersecurity
aspects of cross-border
electricity flows
Cybersecurity risk
assessment

Common minimum
cybersecurity requirements
Planning, reporting, and
monitoring

Crisis management

e Financial costs of
achieving cross-sector
and cross-border
cooperation

e Stakeholder resistance
to implementation

e Lack of mechanisms
and human resources
for implementation in
the required time frame

e Financial costs of
upgrading the
cybersecurity
infrastructure

e The cross-linkages with
other EU laws to
support the outcomes

e Lack of human
resources to meet the
needs of Member States
and entities

e Lack of coordination
across the EU and with
third parties outside the
EU

for staff from specific departments whose security levels and needs may
diverge from each other, are beneficial in addressing human vulnerabili-
ties, mitigating accidental insider threats, and reducing cyber breaches. A
cybersecure workplace also requires a company culture, whereby cyberse-
curity policies are communicated to all staff, and consolidated by regular
awareness campaigns, so that cybersecurity becomes part of the company’s
day-to-day operations at all levels.

The use of Al in energy systems is a subject of ongoing debates
(Sovrano & Masetti, 2022) that has been addressed in the EU Al
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Act (European Parliament, 2024). However, Al-powered cybersecurity
systems can provide proactive threat intelligence by constantly discov-
ering new cyberthreats and responding accordingly. The energy sector
may use predictive and data-driven approaches to defend against existing
cyberthreats and prepare for future difficulties, necessitating coordina-
tion among industry experts, cybersecurity professionals, and legislators
to ensure successful, realistic solutions that meet the specific needs of
the energy sector. Al examines enormous data volumes to detect poten-
tial risks and vulnerabilities before exploiting them. Thus, the use of Al
should comply with data protection laws. Energy companies must priori-
tise data protection and foster a security-focused mindset within their
organisations.

9.3 AcHIEVING OUR RECOMMENDATION

To sustain the energy supply, EU policies and strategies must respond
swiftly to the evolving threat landscape. By combining technical and social
science expertise, we believe a more holistic understanding of the chal-
lenges would bring novel and practical solutions. This interdisciplinary
approach informed our policy recommendation, as outlined in our title to
protect the EU’s digital energy infrastructure against cybevthveats through
advanced technologies, hwman vulnerability mitigation, and ethical proc-
tices. Our recommendation, and the actions to support its achievement,
is applicable across the EU and complements current energy policies.
Enhance and Strengthen Defensive Techniques by Establishing a Compre-
hensive, Multi-Layered Security Approach to Protect Digital Energy
Systems. Cyberthreats are shifting rapidly in scope and structure, and the
ICT components in use by the energy sector must, therefore, be able to
adapt as swiftly. The strategy to ensure robust cybersecurity must include
a layered defence structure that can coordinate to withstand attacks.
The layered response should involve an EU-wide stance beyond cross-
border information and best practices sharing between Member States.
Energy operators must also navigate their pivotal role in protecting infras-
tructure and collaborate effectively with various suppliers, ensuring clear
communication between operators and suppliers across the sector.
Mandate Cybersecurity Training and Professional Development for All
Employees. As the human factor is the weakest link in the security
chain, all employees must be provided with a set level of compulsory
training, followed by professional development, to close the security loop
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against both external attacks and internal accidents caused by human
errors. Therefore, EU-level mandated cybersecurity training plans and
programmes for all involvement levels are needed. Energy operators must
also enforce these educational and training programmes within their
workforce.

Ethically Use Artificial Intelligence (Al) for Predictive Threat Identifi-
cation to Strengthen and Improve the Energy Sector’s Cybersecurity Posturve.
Proactive response is the most significant benefit of Al-driven systems,
enabled by learning-driven defence adaptations. These benefits must be
shared equitably across the energy sector actors, from large to small-
scale companies sharing know-how and information. Another aspect of
ethical employment of Al is developing sector-based ethical frameworks
and policies for fair, transparent, and responsible use of Al.
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Policy Highlights To achieve the recommendation stated in the
chapter title, we propose the following:

e Stakecholders can be better engaged in energy efficiency decisions
through the use of multicriteria models.

e Decision-makers should present trade-offs, such as cost and emis-
sions, and combinations of acceptable solutions to various stake-
holders such as the public, housing associations, regulatory agencies,
and financial institutions.
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Decision-makers should adopt a user-centred approach to energy
efficiency measures by encouraging stakeholder dialogues around
decision-support tools (e.g. multicriteria modelling) to improve
understanding of costs and benefits of measures.

Decision-makers should identify opportunities for consensus
building and mindset shifts about the wider benefits of energy
efficiency measures by emphasising their social considerations.
Using Social Sciences and Humanities (SSH) perspectives can
strengthen Science, Technology, Engineering and Mathematics
(STEM) led multicriteria models that visualise trade-offs as well as

identity plausible conflicts among stakeholders.
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10.1 INTRODUCTION

This chapter assesses trade-offs in urban energy use to advance sustainable
planning of cities, contributing to the European Union’s (EU) climate-
neutrality ambition and the EU Cities Mission. While scientific consensus
is clear about climate change, devising a more sustainable pathway for
energy consumption is not straightforward. For example, an economy
that uses fewer resources and can handle challenges better is a central
goal of the European Green Deal (European Commission, 2019). But
many people today worry about the cost of living and are concerned
about equity, and some political groups use these worries to reject envi-
ronmental and climate policies (Huber et al., 2021). Thus, the framing of
environmental measures as costly interventions that overwhelm peoples’
lives makes it hard to make the necessary changes. Moreover, envi-
ronmental and climate efforts are often portrayed mainly in terms of
technological change with limited involvement of users and other stake-
holders in the process of planning. Indeed, such an approach omits the
possibility to engage the public in shifting to a less resource-intensive
energy use (Pineau, 2023). This risks making subsequent policies less
acceptable.

In this chapter, we reframe the debate to facilitate stakeholder
consensus. We limit the scope of our analysis to buildings, which comprise
approximately 40% of EU energy consumption and 36% of energy-
related GHG emissions (European Union, 2024). The EU has created
numerous directives to improve energy efficiency in buildings, e.g. the
revised Energy Performance of Buildings Directive (European Union,
2024) and the Energy Efficiency Directive (European Union, 2023).
The former aims to increase the rate of renovations and decrease emis-
sions through measures such as the introduction of renovation passports,
targeted financing, and attention to energy poverty, as well as National
Building Renovation Plans (European Union, 2024). Moreover, other
measures include “one-stop shops for the energy renovations of buildings
for homeowners, small and medium-sized enterprises and other stake-
holders” (European Union, 2024, p. 38). In this context, stakeholders
may include real estate developers, construction firms, landlords, urban
planners, funding institutions, environmental agencies, and housing asso-
ciations. Thus, there exists an opportunity to engage a broad range of
stakeholders in energy efficiency decisions to facilitate decarbonisation.
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While the regulatory framework aims to enhance buildings’ energy
efficiency, achieving the intended objectives depends on successful imple-
mentation by EU Member States. The two largest barriers to accelerating
implementation are lack of financing and lack of knowledge about energy
efficiency measures (Carlander & Thollander, 2023; Yeatts et al., 2017).
We argue that other barriers include limited engagement of users in
decision-making and the framing of possible solutions mainly in terms
of costs, which limits the range of acceptable measures. We, therefore,
present an approach to facilitate the understanding of how the imple-
mentation process can be adjusted to include a range of solutions for
improving energy efficiency that not only are cost-effective but also
consider CO; emissions and other aspects of social wellbeing, while
encouraging stakeholder dialogues around decision-support tools (e.g.
multicriteria models) to improve understanding of costs and benefits of
various measures. The resulting transparency of the approach in illus-
trating trade-offs could enable consensus around acceptable solutions and
uncover incentive-compatible mechanisms for their implementation.

Using STEM expertise, we developed a multicriteria model that
visualises trade-offs for different energy efficiency measures in build-
ings, which was informed by SSH perspectives from Political Science.
Intended users of the model are policymakers, but other users (including
housing associations, regulatory agencies, and investors) are also targeted.
SSH researchers posited plausible conflicts among stakeholders based
on previous literature on energy efficiency in buildings, with STEM
researchers then devising a quantitative framework for analysis of these
conflicts and ways of reconciliation, which was subsequently exemplified
for a case of a housing association. A housing association was used as an
empirical example, but the model can be adjusted and applied to different
settings and scales. A participatory stakeholder workshop was organised to
receive feedback on the model. This feedback can further inform model
refinement and allow the model to be applicable to different contexts and
users.

A literature review showed that European regulation has largely relied
on soft measures that overlook direct regulation, incentives, and aware-
ness of the wider benefits of energy efficiency measures in buildings
(Carlander & Thollander, 2023; Yeatts et al., 2017). The literature has
also identified missed opportunities in cases where building renovations
take place without attention to energy efficiency measures (Mjornell et al.,
2019). Limited knowledge about possible energy efficiency measures’
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costs and benefits is one important barrier. While there are various tools
that have been developed to address this drawback, e.g. artificial intelli-
gence (Al) (von Platten et al., 2020), such methods are difficult for users
to grasp transparently. Instead, multicriteria analysis has proven effective
at communicating attractive solutions and options in real-world settings
involving public authorities (Montibeller & Franco, 2011; Phillips, 2011).
Thus, this project developed a multicriteria tool to visualise opportunities
and trade-offs in energy efficiency measures aimed at user understanding,
including policymakers.

The stakeholder workshop tested the model’s usefulness as a mecha-
nism for gaining an understanding of options for implementing energy
efficiency measures in the built environment. The workshop took place
on 11 December 2023 in Stockholm, Sweden and included 12 repre-
sentatives from public authorities, the building sector, the finance
sector, tenants’ associations, and researchers working on energy efficiency
measures in buildings. Our motivation to engage these stakeholders
stems from the fact that these users can be impacted by decision-making
regarding energy efficiency policies, but they are often not adequately
consulted in the process, which diminishes the effectiveness of poli-
cies (Seibicke, 2024). We argue that a deeper understanding of users’
needs, and acceptance of policies can be gained through employing
a multicriteria model-supported process for participatory governance.
Multicriteria models can serve as a tool for organising stakeholder engage-
ment processes and a framework for decision-making. This approach
could be applied by the revised Energy Performance of Buildings Direc-
tive’s one-stop shops for the energy renovations of buildings to encourage
stakeholder participation (European Union, 2024).

10.2 APPLICATION OF A MULTICRITERIA
MODEL FOR THE BUILT ENVIRONMENT

10.2.1  Handling Conflicting Objectives

The purpose of using a multicriteria model is to foster a transparent assess-
ment of trade-offs between conflicting objectives (Winston & Albright,
2018). We take this perspective to examine the trade-offs between
economic and environmental objectives in the context of a building
energy management system (BEMS). Our multicriteria model yields a
range of intermediate solutions that address conflicting objectives, such
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as minimising either cost! or GHG emissions.” In other words, the
model provides solutions along a Pareto frontier® between cost and GHG
emissions minimisation. More importantly, the impacts of energy effi-
ciency measures, subsidies, tariff structures, and technology availability in
catalysing changes to building configuration and operations can also be
assessed.

Our analysis uses data that reflect an urban housing association in
Stockholm, Sweden (Siddiqui, 2024). In our default scenario, the associa-
tion purchases all energy from suppliers at given prices without any effort
to curb consumption. This do-nothing (DN) scenario contrasts with a
Base scenario, in which the association may adopt demand- and supply-
side measures to reduce consumption, e.g. by renovating the building
envelope or installing an on-site generation and storage technologies.
Moreover, the association can prioritise either cost minimisation, GHG
emissions minimisation, or an intermediate objective between these two
extremes. Consequently, the resulting Pareto frontier in the Base scenario
(Fig. 10.1) stretches from point A to point B in minimising either cost
or GHG emissions, respectively. Meanwhile, points such as C, D, and E
identify intermediate solutions that minimise cost for any given level of
GHG emissions. Hence, any solution on the Pareto frontier can be inter-
preted as one in which it is impossible to improve upon one objective
without deteriorating the other.

Via this framework, we examine plausible compromises on the Pareto
frontier and how the Pareto frontier is affected by energy efficiency
measures, energy tariffs, and technology availability. The model shows
that modest adjustments to existing consumption patterns could reduce
GHG emissions. For example, a move from points A to C in the
Base scenario leads to a roughly 8% decrease in GHG emissions at
a cost increase of 1.5%. Such a transition is facilitated by increasing
energy purchases during off-peak hours (through e.g. better utilisation of
existing heat storage) to then avoid purchases during peak hours, when
more-polluting plants are dispatched. Yet, the scope for this temporal

1 The sum of daily energy purchases, demand charges, amortised cost of efficiency
measures, amortised cost of production technologies, and amortised cost of storage
technologies.

2 Emissions from energy purchases since the candidate production and storage
technologies for adoption are assumed to be carbon free in operations.

3 For any given GHG emissions level, this construct indicates the minimised cost.
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Fig. 10.1 Pareto frontiers that illustrate the trade-off between conflicting
objectives for do-nothing (DN) and base scenarios

shift in consumption is limited by the size of the storage unit, which is
why the Pareto frontier for the DN scenario extends only from points A
to C. In effect, deeper decarbonisation in moving from points C to E
requires a larger storage unit to offset GHG emissions from peak-hour
heat purchases. Such an investment reduces GHG emissions by 75% rela-
tive to those at point A, albeit at more than double the cost. In a similar
vein, more ambitious decarbonisation efforts, e.g. to points D and B,
necessitate more expansive technology adoption, e.g. building renova-
tions and solar-thermal units. Hence, while points A and B are prominent
on the Pareto frontier, intermediate solutions, such as points D and E,
indicate the diversity of plausible solutions that could provide compro-
mises around which consensus could coalesce. One of the main points
that Fig. 10.1 communicates is that the choices available to stakeholders
are much wider than generally perceived and that investments in certain
energy efficiency measures can reduce GHG emissions at a much higher
rate than the associated cost increases.

The results further indicate that even compromise solutions such as
points D and E render a more complicated nexus of energy flows in
the exemplar housing association. As a result, an adequate policy frame-
work that supports energy efficiency measures is paramount. For instance,
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removing the demand charge on the maximum rate of consumption from
the energy tariff would increase GHG emissions. Furthermore, energy
efficiency measures catalyse more effective use of adopted technologies.
Indeed, in tracing out Pareto frontiers, we assume that cost-minimising
housing associations could put greater weight on GHG emissions—this
would require the provision of, for example, CO; taxes, energy tariffs with
demand charges, and subsidies on technologies. Thus, policymakers could
use multicriteria models to argue the need for, and justify the adoption
of, policy support measures, such as taxes and regulations.

10.2.2  Stakeholder Feedback

The practical challenges to implementing such a multicriteria framework
were the focus of our participatory stakeholder workshop. Through this
forum, we elicited participants’ reflections on (1) barriers associated with
achieving greater energy efficiency in buildings generally, (2) multicri-
teria model design and applicability, and (3) regulatory support for the
implementation of the framework.

Bavriers to Greater Energy Efficiency in Buildings

Stakeholders mentioned broader processes in the energy sector, economy,
and policy that affect possibilities for improving energy efficiency in build-
ings. For example, in the context of Sweden, energy prices are not high
enough to incentivise reduction of energy use and investments in effi-
ciency measures, while the volatility of energy prices adversely affects the
building sector. Stakeholders also suggested that the tax system needs to
be adapted, e.g. tax deductions on home renovations should incentivise
energy efficiency measures. Others mentioned the importance of policy
packages instead of single measures to prevent one policy from under-
mining another, for example, if investments into energy efficiency take
away investments from other programmes. In addition, energy security
and energy poverty were mentioned as important aspects to be considered
in the process of policy design. Through the discussions, it highlighted the
need to engage a range of stakeholders to weigh-up differing perspectives
and reach agreement on ways forward.

Multicriteria Model Applicability and Design
Many workshop participants reflected on the multicriteria model’s
complexity and their inexperience using it. However, they also saw the
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‘mindset’ of these models as a useful device for understanding trade-ofts
embedded in the decision-making process. As such, the model itself could
be adjusted for ease of use and accessibility to be more widely deployed.
On a more conceptual level, it was seen as a tool for scenario anal-
ysis to set targets, make trade-offs visible, highlight a business case, use
during stakeholder-engagement discussions, and incorporate in building-
sector roadmaps. The main feedback from stakeholders about the model
design related to barriers, including social and cultural indicators, such as
accessibility, safety, wellbeing, and other environmental impacts not being
captured. The challenge lies not only in the operationalisation of some of
these factors but also in the difficulty of interpreting a complex model.
Thus, the model needs to be used alongside other mechanisms and
considerations. Yet, the central function of the model remains useful, i.c.,
demonstrating multiple possibilities along the Pareto frontier, regardless
of which attributes are considered. Indeed, as one participant reflected,
“politicians and authorities should requive that these models are used,” while
another indicated the value of the model, yet warned that the analysis
“becomes complicated including multiple variables.” Hence, a multicriteria
framework can facilitate the exploration of different combinations of solu-
tions around which a consensus could coalesce. This points to the value in
transparently discussing various trade-offs using user-centred approaches.

Policy and Politics of Energy Efficiency

Regarding policy solutions to support the implementation of the multi-
criteria framework, the majority of stakeholders mentioned the need
for CO, pricing, energy efficiency auctions, green loans and invest-
ments in new technologies, tax-free maintenance funds, and subsidies
for various programmes, including energy-savings assessments, renova-
tion, and insulation. In addition, stakeholders emphasised the need for
energy efficiency standards, and enforcement and monitoring mechanisms
for compliance with targets via regular energy reviews. Some argued
that new measures are needed that better reflect environmental impact,
such as COy emissions per capita or energy consumption per capita,
instead of energy consumption per square metre. Indeed, one partic-
ipant mentioned incorporating “other environmental impacts” besides
emissions along with “social aspects, cultural aspects.” Other solutions
mentioned include improving the use of buildings, investing in skills and
knowledge development for renovating and maintaining buildings, and
improving public knowledge on savings, costs and emissions. To improve
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the usability of the multicriteria model and implementation of its solu-
tions, stakeholders emphasised that policymakers must support the use of
such models via regulation and financial incentives. This points to the exis-
tence of opportunities for consensus building and mindset shifts about the
wider benefits of energy efficiency measures by emphasising their social
considerations.

10.3 AcHIEVING OUR RECOMMENDATION

The results from the participatory workshop show that multicriteria
models can be useful framing tools to involve users in decisions about
adopting efficiency measure. This is captured in our policy recommenda-
tion outlined in our title—understand stakeholder pevceptions and imple-
mentation possibilities for emergy efficiency measuves and policy through
multicriteria modelling. By highlighting both costs and benefits of effi-
ciency measures, participatory workshops can facilitate dialogues among
actors with diverse perspectives and help highlight feasible options for
energy efficiency. Such discussions also create opportunities to envisage
other aspects of the European Green Deal, such as improvements to social
or health outcomes, for instance through the New European Bauhaus
(European Commission, 2021).

Specifically, we recommend the following actions. Decision-makers
should present trade-offs, such as cost and emissions, and the combinations
of acceptable solutions to varvious stakeholders such as housing associations,
regulatory agencies, and financial institutions. For instance, this approach
could be integrated in the revised Energy Performance of Buildings Direc-
tive’s (European Union, 2024 ) one-stop shops for the energy renovations
of buildings to encourage stakeholder participation. Our analysis of trade-
offs between costs and reductions in GHG emissions associated with
energy efficiency measures shows that the choices available to stakeholders
are much wider than generally perceived, and that investments in certain
energy efficiency measures are able to reduce GHG emissions at a much
higher rate than the associated cost increases. Therefore, stakeholders
should be aware that certain measures can be both cost and emissions effi-
cient, e.g. heat storage. Intermediate solutions also include wider benefits
beyond the climate imperative, such as greater comfort for tenants and
cost savings, for example, by being less dependent on market prices, as
well as wider societal benefits, such as improved air quality and reduced
stress on energy systems.
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Furthermore, decision-makers should adopt a user-centved approach to
energy efficiency measuves by encourvaging stakeholder dialogues avound
decision-support tools to improve understanding of costs and benefits of
various measurves. Recognising the difficulty of user engagement with
policymaking, we recommend further embedding stakeholder dialogues
into the formal political process at the stages of agenda setting, policy
formulation, and implementation. Furthermore, structuring the stake-
holder dialogue around the Pareto frontier proved to be fruitful. The
multicriteria model served as a compelling visualisation and scenario tool,
operationalising abstract ideas into a concrete set of plausible outcomes.
Besides policymakers and housing associations, other organisations, e.g.
regulatory authorities and financial institutions, that incorporate the
perspectives of diverse stakeholders and conflicting objectives would
benefit from taking a multicriteria perspective. Such consensus building
has been amenable in real-world contexts, e.g. Coventry City Council
(Montibeller & Franco, 2011).

Finally, decision-makers should identify opportunities for consensus
building and mindset shifts about the wider benefits of energy efficiency
measures by emphasising their social considerations. While there is a clear
climate imperative for undertaking energy efficiency measures, stake-
holders may be more motivated by other considerations. These could
incorporate diversity, equity, and resilience. Although costs and emissions
are also social considerations that receive the most attention, others would
resonate with the public (Ewald et al., 2022) and should be addressed in
such multicriteria assessments. Highlighting wider benefits of energy effi-
ciency measures in consultations with stakeholders could be one way of
identifying opportunities for consensus building around feasible options.
Taking social considerations into account is particularly important for
gaining acceptability for energy efficiency solutions.
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Policy Highlights To achieve the recommendation stated in the
chapter title, we propose the following:

e Policymakers should demand more open and inclusive energy
modelling processes to ensure that stakeholders can meaningfully
contribute to the process.

e Policymakers should recognise the critical role of the Social Sciences
and Humanities (SSH) in complementing energy modelling to
receive a more holistic viewpoint on just pathways to climate
neutrality. Both Science, Technology, Engineering and Mathematics
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(STEM) and SSH research is needed to transform our energy system
to a just, climate-neutral future.

e DPolicymakers should establish cross- and transdisciplinary debates for
incorporating more diverse voices into energy modelling.

Keywords Participatory modelling - Climate change mitigation - Energy
justice - Just transition - Energy policy

11.1 INTRODUCTION

The goal of a just transition to climate neutrality is high on the political
agenda. Just transition refers to “a fair and equitable process of transi-
tion to a post-carbon society” (McCauley & Heffron, 2018, p. 2). The
concept has been recognised in the IPCC’s latest mitigation assessment
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and the European Green Deal. The European Union has set stringent net-
zero greenhouse gas emission targets, while also declaring it will leave no
person and no place behind.

The dominant tools for understanding the energy transition are energy
system models (Siisser et al., 2021a). The most prominent whole system
approaches—Energy System Optimisation Models (ESOMs) and Inte-
grated Assessment Models (IAMs)—are important policy tools. These
provide a representation of current and future emissions across different
scales; pan-EU, national, and regions or cities. While they have great value
in providing techno-economic least-cost pathways for decarbonisation, we
argue that their ability to reflect the real-world energy transition is limited.
Two critical gaps we see are that, firstly, the models are not designed to
reflect important aspects of fairness and inclusion, and secondly, they tend
to assume very little or no changes to social and political institutions (e.g.
future energy demand is generally based on projecting continuous GDP
growth).

Consequently, current modelling practices are often incompatible with
the goal of a just transition. The models, optimising for least cost,
are unlikely to produce equitable outcomes, and modelling teams have
tended not to focus on equity or just transition issues (Sonja & Harald,
2018). Recently, there has been some interest in ways to incorporate
broader societal considerations into modelling tools (Krumm et al., 2022;
Lonergan et al., 2023). This includes using existing models to scrutinise
narratives, intensifying collaboration across scholars, or structurally modi-
fying and building new models to integrate Social Science research (Holtz
et al., 2015; Trutnevyte et al., 2019). Nevertheless, more effort is needed
to increase inclusive participation in modelling processes and to integrate
aspects of fairness or justice in energy modelling (Lonergan et al., 2023;
McGookin et al., 2021).

The arguments made in this chapter stem from the context of three
EU-funded research projects, SENTINEL, SEEDS and JustWind4All, as
well as on an online discussion between the author team (September
2023) (McGookin et al., 2024a), a joint workshop with the Inter-
national Renewable Energy Agency (IRENA) on stakeholder-driven
scenario development for just transitions to climate neutrality (November
2023) (Stsser, 2024; Siisser & Goussous, 2024 ), and feedback from a
presentation at the Behave 2023 conference (November 2023). At the
workshops and discussions, both Social Scientists and Computer Engi-
neers were present, who work in research, practice, and policy, including
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governmental authorities, international development agencies and the
energy industry. We discussed current gaps in modelling practices and
solutions to improve tools and modelling processes. By building on these
combined insights, we argue that integrated and complementary energy
modelling and Social Sciences research are crucial to enable equitable
pathways to climate neutrality. Policy would benefit from insights based
not only on modelled techno-economic pathways, but also on the results
of debates with the stakeholders! and citizens. To achieve just transitions,
models must be complemented with Social Science research, including
Policy Research, Psychology and Human Geography, to open up debates
and enable better informed decision-making.

11.2 INSIGHTS ON MODELLING GAPS AND WAYS
TO IMPROVE AND COMPLEMENT ENERGY MODELLING

In this chapter, we apply a justice lens to energy modelling (Table 11.1).
This is done using three energy justice principles: distributional justice,
which focuses on the equitable distribution of costs and benefits; proce-
dural justice, which refers to transparent decision-making processes and
adequate representation; and recognitional justice, which acknowledges
past injustices and ongoing risks of underrepresentation (Jenkins et al.,
2016; Walker & Day, 2012).

11.2.1  What Ave the Limitations of Models and Modelling
Approaches?

A key limitation of currvent emergy models is their grounding in techno-
economic worldviews that prioritise total costs rather than distributions,
and which obscure procedural and recognitional dimensions of justice.
Models are navigated through modellers’ frameworks, norms, and values,
which often remain inherently ambiguous (Silvast et al., 2020). A narrow
techno-economic lens pushes into the background alternative perspectives
that might challenge foundational assumptions. Models are shaped by

L We define stakeholders as all those affected by or interested in the energy transition,
including policymakers, the energy industry and civil society organisations.
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Table 11.1 How Social Sciences can contribute to filling modelling gaps on
energy justice

Justice dimensions Gaps in modelling Contributions of Socinl
Sciences to close gaps

Recognition: Whose The techno-economic Challenges worldviews and

worldviews are represented  perspective in models limits  link them to policy goals;

and excluded? potential for recognition of  opens-up processes to
diverse groups diverse perspectives

Procedure: Who is involved ~ Models can reduce the space Challenges the

in the modelling process? for debate and dissent, assumptions behind

What models are used? excluding marginalised voices models and what is

How is modelling used to  and ‘de-politicising’ debate ~ missing from them; raises

inform decisions? The process of model new questions; provides
development is rarely participatory research
transparent expertise; communicates
Public rarely participates in ~ model uncertainties and
modelling processes outcomes

Distribution: How are Models typically explore Investigates local and

distributional impacts distributional consequences  regional transition impacts;

assessed? Who will be the as second-order concern, if  documents people’s lived

(local /regional) winners at all experience of the energy

and losers of the transition? transition; includes human

behaviour and responses

certain societal discourses, which are reproduced and reinforced (Ellen-
beck & Lilliestam, 2019). As such, models may become engines of
injustice and exclusion themselves.

Models can ‘depoliticise’ debates, undermining procedural justice. They
do this first by narrowing the frame of debate, as they provide only
a simplified representation of reality. In doing so, they push excluded
perspectives into the background, privileging some issues and perspectives
over others. There is a basic trade-off here: such narrowing is important
for tractability and ‘closure’ around a particular problem framing, but
this comes at the cost of respect for plural perspectives (Stirling, 2008).
Second, models often have power in debate (Aykut et al., 2019). Their
purported accuracy, technical complexity, and association with ‘objective
science’ lend them strong credibility (Porter, 2020), even when it is not
clear what the knowledge claims arising from a given model might be.
The risk is that the space for political dialogue is removed: the apparently
objective model, which only few are competent to critique, both frames
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the debate in ways that exclude certain perspectives and obscures many of
the normative and political judgements that underpin the conclusions.

Model development processes ave not transparvent and arve ravely informed
by co-design or participation, further limiting procedural fairness. Despite
calls for the opening up of energy system models (Morrison, 2018;
Pfenninger, 2017), the assumptions that determine modelling outputs
remain opaque. Progress with open modelling has reduced this concern in
recent years, but it remains true that relatively few people have the skills
required to unravel the assumptions underpinning certain findings and
be able to challenge them. This leaves a significant amount of control
over the framing and the logic within the modelling team. Moreover,
modelling processes are rarely opened-up to wider participatory and co-
design processes (McGookin et al., 2021). We argue that only if different
stakeholders are part of the modelling process, they can influence it, and
thus, ways to build-in stakeholder perspectives can be explored.

Models overlook transition impacts. Some modelling studies do account
for distributional impacts, such as which regions stand to benefit or lose
from the transition (Caulfield et al., 2022; Li et al., 2016; McDowall
et al., 2023). However, they typically focus on economic vulnerabilities
and examine distributional issues as a consequence of least-cost path-
ways, implying that distributional issues are secondary in importance to
total costs (for a rare exception, see Sasse & Trutnevyte, 2020). They
contribute to a frame in which difficult distributional impacts are seen as
the unfortunate, but necessary, consequence of the least-cost transition
path, rather than opening a conversation about society’s prioritisation of
inequitable outcomes.

11.2.2  How Can Social Sciences Addvess Modelling Gaps?

Recognitional Justice

Social Sciences can challenge dominant worldviews by discussing mental
models behind the computer-based models. Models are built from assem-
blages of theory, data and (often tacit) social norms about how the world
‘works’. Insights from Behavioural Science, Political Science and other
fields can unpack those assumptions, and thus open up the possibility
for model-based explorations of more radical or emancipatory futures.
A recognitional justice lens demands that analyses recognise diverse
perspectives, values, and aspirations by “engag[ing] with other knowl-
edge systems as active contributors of solutions” (Rubiano Rivadeneira &
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Carton, 2022, p. 8). For example, visioning documents developed at the
community-level have been shown to provide context-based nuance that
challenges the techno-managerial “indexification of poverty” (Kiely &
Strong, 2023, p. 1758)—i.c. the use of statistical indices to measure
poverty—and provide alternative ways of building energy poverty models.
Such approaches can contribute to public debates on possible and desir-
able energy futures, and systematically rebalance existing power relations
within the energy system, promoting ‘recognitional’ and ‘procedural’
justice. This can be crucial not only to improve public participation in
climate and energy policymaking, but also to increase trust in the policy
outcomes.

Procedural Justice

Social Scientists can help challenge the assumptions bebind models. To
enable cross-disciplinary dialogues, modelling processes must be trans-
parent. This is not simply a matter of open code, open data, and
good documentation—important though these are. Modelling data and
assumptions should be discussed within interdisciplinary teams, and
also with stakeholders, to create a better understanding of the impor-
tance of assumptions and uncertainties in modelling (McGookin et al.,
2024b). Transparency must be an ongoing process that ensures models
are continually being explained, challenged and critiqued. Social Sciences
can thus help to redress the power imbalances created by complex
modelling tools.

Modelling  perspectives can be expanded with Social Science vesearch
to better understand social aspects, such as attitudes towards different
energy futures or lived energy experiences. This was attempted, for
instance, in the SEEDS project, where stakeholder needs were used to
expand the default outputs provided by models, to better reflect stake-
holder concerns. Furthermore, Behavioural Science and Psychology can
provide theories and evidence on behavioural change or people’s pref-
erences, which can be used in modelling tools. An example is provided
by the SENTINEL project, where social-political storylines based on
different governance logics and social and political observations (Stisser
et al., 2021b) constrained feasible net-zero configurations of the Euro-
pean energy system (Mayer et al., 2024). Using models alongside other
processes can ensure that broader perspectives are included in the analysis
(McDowall, 2014).
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Social Scientists can provide participatory wvesearch and communi-
cation expertise to modellers. Instead of modellers re-inventing the
wheel, they should seek to work with these experts through transdis-
ciplinary approaches. Visualisations of modelling results can facilitate
policy dialogue, and the communication of model uncertainties and
assumptions is critical to create an understanding among modelling users,
including policymakers, what model outcomes mean and what they do
not mean. Moreover, Social Scientists can provide insights into participa-
tory methods and how to plan effective public engagement processes as
an integral part of modelling. For example, the community engagement
in the modelling work by McGookin et al. (2022) benefited greatly from
Social Science perspectives. The research team implemented a broader
engagement process to explore what a sustainable future for the area
would look like, resulting in several important local projects.

Distributional Justice

Social Science can contribute to a better understanding of how positive and
negative impacts of the transition are distributed. Regions and commu-
nities will be affected differently by the transition, depending on their
social and geographic circumstances, the current status of the transi-
tion, and capacities to respond, among others. This requires models to
account for existing regional differences and potential underlying injus-
tices in the energy transformation. For example, a modelling study by
Mayer et al. (2024) showed that positive employment effects could lead
to higher welfare levels, which would otherwise have been neglected
if only the costs of energy system configurations had been considered.
Local and regional analyses could be used to assess the impact of tran-
sitions, including costs and benefits, and provide important insights to
complement modelling tools.

11.3 AcHIEVING OUR RECOMMENDATION

As per the title of this chapter, our core recommendation is that policy
should: rethink energy system models to support intevdisciplinary and inclu-
sive just transition debates. This recommendation is underpinned by three
sub-recommendations:

First, policymakers should demand morve open and inclusive energy systems
modelling processes. Diverse perspectives can contribute to a critical reflec-
tion of current injustices in the energy transition and their anchoring in
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models. Addressing existing injustices and ensuring fairness and inclu-
siveness in the energy transformation is critical to achieve the energy
policy goals for a just transition to climate neutrality. Thus, policymaking
should require open, transparent, participatory modelling processes from
the modelling community and work with institutes that align with this
standard. Such processes should facilitate a critical engagement with and
around modelling tools, as well as building a better understanding of the
‘power’ of model assumptions and model limitations. Policymakers should
initiate and/or fund research programmes that require the formation of
interdisciplinary research teams with diverse expertise, the convening of
participatory modelling processes, or stakeholder-based committees or
partnerships.

Second, policymakers should rvecognise the critical role of the Socinl
Sciences in complementing energy systems modelling to receive a move holistic
viewpoint on just pathways to climate nentrality. A constructive critique of
models and modelling processes is required, which may highlight injus-
tices or lack of attention to justice issues. This requires the EU funding
of research and practice projects that produce critical socio-psychological
and institutional insights, such as how to meaningfully engage the public
in energy infrastructure projects, or perceptions and needs for transitions
away from coal and carbon-intensive industries. This would contribute
to the achievement of policy goals to accelerate the expansion of renew-
able energy, in line with the ‘Fit for 55’-package, and to support regions
that are most vulnerable to the transition under the Just Transition
Mechanism.

Third, policymakers should establish cross- and transdisciplinary debates
for incorporating more diverse voices into eneryy systems modelling. There is
not only one energy future; visions, values, and aspirations of researchers
with different backgrounds, as well as those from diverse stakeholders
and citizens, can inform the development of alternative storylines and
scenarios. McGookin et al. (2024b) have suggested best practice guide-
lines for incorporating diverse voices into energy modelling. However,
modelling projects are often restricted by funders’ requirements, which
may prevent engagement in deliberative activities. Policymakers—and
in particular funders of modelling—should create spaces for cross-
disciplinary and participatory dialogue to open up modelling. In delib-
erative dialogues, models can function as ‘exploration tools’—helping to
foster debate, rather than replace it.
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from both Social Sciences and Humanities (SSH) and Science, Tech-
nology, Engineering and Mathematics (STEM) perspectives), (2) that the
achievement of EU policies can require the participation of multiple actors
across multiple scales, (3) how policymaking can be supported not only
through research on policy topics, but also by research on the processes
of policymaking and their governance environments, and (4) the complex
negotiation processes that exist at research-policy interfaces. Yet, there
is the need to consider interdisciplinarity, and what this means in prac-
tice, critically. In doing so, it demonstrates the value of focusing more
on the interdisciplinary processes and experiences in play. Indeed, across
the book chapters, there were commonalities in how the interdisciplinary
collaborations occurred in practice. This book not only demonstrates the
value and opportunities for interdisciplinary research, but also, we hope,
will encourage others to engage in interdisciplinary activities.

Keywords Policy - Governance - Interdisciplinary - SSH-STEM
collaboration

12.1 REFLECTIONS ON PoOLICY
AND GOVERNANCE RECOMMENDATIONS

The purpose of this book was to strengthen European energy policy by
generating concrete interdisciplinary recommendations for relevant EU
energy strategies. As such, the titles of the core chapters (Chapters 2-11)
are the policy recommendations generated, with this clearly commu-
nicating the key messages being discussed within these chapters. An
overview of said recommendations, and how they align (even if lightly at
times) to current European Union (EU) and European Commission (EC)
agendas, is provided in Table 12.1. The chapters cover a range of policy
areas and topics, including retrofit, energy communities, and digital infras-
tructures, and draw upon various methods to explore the topics covered,
including modelling, workshops, and literature reviews. The outputs of
these chapters demonstrate the value of bringing together researchers
from the Social Sciences and Humanities (SSH) and Science, Technology,
Engineering and Mathematics (STEM), with this being captured in our
reflections on the chapter recommendations.
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From our own experience, we have found that a common misconcep-
tion is that SSH research is better equipped to research energy demand,
whilst STEM approaches align more with questions of energy supply (in
spite of SSH literatures dealing with systems of provision, and similarly
STEM literatures dealing with demand technologies). This book provides
evidence that this misconception is not true and, as such, interdisci-
plinarity across a range of both supply and demand policy areas can be
very productive.

Although the starting point for the interdisciplinary chapters was to
develop policy recommendations for the EU, the implementation of many
of the recommendations presented requires the involvement of different
actors at different scales. This reflects the different foci of the chapters,
looking at both energy demand and supply, as well as some system-level
topics. Across the chapters reference is made to the role of Member States,
energy sector organisations, individual households, amongst others, in
achieving the policy recommendations. As such, some of the EU policy
recommendations presented require coordination across multiple scales
and governance structures.

Many chapters focus on policymaking processes and the structural
landscapes in which the policy is eventually to be implemented. Chap-
ters also considered how wider governance initiatives may complement
existing policy initiatives. As such, there was implicit interest in going
beyond policy targets or intended outcomes, into, for example, how poli-
cymaking gets done, by whom, and within what real-world contexts. This
also connects to the view that policymaking is a process co-owned by
multiple actors, requiring policy-supporting tools and interaction between
policymakers, researchers, professional communities, citizens and other
stakeholders.

Furthermore, the chapters’ recommendations are situated within a
broader set of negotiation processes that exist at research-policy interfaces.
Indeed, there is an ongoing balancing act, whereby on the one side: poli-
cymakers would ideally like concrete recommendations, which fit within
their paradigm and thus their existing policy commitments and delivery
mechanisms, and on the other side, researchers are keen to epistemically
experiment and push the boundaries of what is possible (e.g. in terms of
policy evidence) through innovative interdisciplinary collaborations, but
are wary of their research being instrumentalised. The challenge then is
how these agendas align.
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12.2 REFLECTIONS ON INNOVATION
IN INTERDISCIPLINARY COLLABORATIONS

It is clear that this book represents a significant interdisciplinary under-
taking. Indeed, of the 57 authors contributing to the policy recom-
mendation chapters (Chapters 2—-11), 29 classified themselves as SSH
researchers and 28 as STEM. SSH disciplines ranged, for example, from
Environmental Social Science and Sociology to Marketing and Business
Management; with STEM disciplines ranging from Computer Science and
Physics to various Engineering and Geoscience disciplines.

However, disciplines are fluid and their boundaries are porous; they
are not rigid institutional entities (Jacobs, 2013). Thus, it quickly
became apparent to us that asking the chapter teams for disciplinary self-
classifications was unlikely to have been straightforward for them. For
example, we have observed how many authors: have individual track
records straddling both STEM and SSH disciplines; are based in very
applied policy or practice settings, where disciplinary identities matter
much less; and/or, assign themselves to relatively new hybrid interdisci-
plines, such as Gender Studies or Urban Studies. In these ways, whilst
disciplines are “useful proxies for different ways of generating, inter-
preting and applying knowledges, we should not obsess about” (Silvast &
Foulds, 2022, p. 8) counting disciplines or attempting to draw precise
disciplinary boundaries. Instead, we argue for more reflection upon the
actual interdisciplinary processes and experiences in play.

The enactment of interdisciplinarity usually hinges on what is regarded
to be epistemically palatable amongst the group of collaborators (Silvast &
Foulds, 2022). It is interesting then to observe the positions that STEM
and SSH perspectives took during the collaboration. Herein, STEM
contributions would usually set the tone for what was technically possible
in the future or what the current starting arrangements were. For
example, Calver et al. (Chapter 5) and Macrorie et al. (Chapter 6) used
STEM to describe technical understandings of the energy system and
construction industry, respectively. Whereas, SSH contributions would
often be more exploratory, using SSH researcher skills, such as prob-
lematisation, critique, empathy, reflexivity, etc., to orient interdisciplinary
discussions towards societal needs. SSH would therefore commonly be
used to open up the traditional STEM positions. For example, Rohse
et al. (Chapter 3) used SSH insights to unpack different ways of thinking
about engagement in geothermal projects.
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Refreshingly, we are pleased to observe that, of our 10 chapters,
seven were led by SSH researchers. This is a welcome change, given
the traditional dominance of STEM in SSH-STEM interdisciplinarity
(Kropp, 2021). We would speculate that this pushback against the
normal scientific hierarchy of knowledge-making may be behind four
trends we observed across the chapters: (1) STEM sometimes took
a more subordinate role, (2) alternative offerings of SSH were made
clearer (e.g. criticality, reflexivity), (3) we enjoyed some constructive resis-
tance and critique from the teams towards the normative ambitions of
the book project, and (4) the conclusions and recommendations were
overall slightly more tentative (e.g. less definitive, replicable and more
contextually-grounded).

12.3  CrosING REMARKS: INTERDISCIPLINARITY
FOR STRENGTHENING ENERGY PoLIiCcY AND GOVERNANCE

The process of developing this book—from launching the initial call,
to working with the interdisciplinary chapter teams, to engaging with
Foreword and Afterword authors—has highlighted the growing interest
from researchers, policymakers, and others, in collaborative SSH-STEM
research. It has also shown the need for better mechanisms to facili-
tate the collaboration of SSH and STEM disciplines to evaluate, and
ultimately strengthen, European energy policy and governance. The
combination of different perspectives and methodologies across the chap-
ters has supported critical engagement with current EU energy ambitions
and policies, and has identified ways in which they can be enhanced, which
could not be achieved if remaining in disciplinary silos.

Although the primary aim of this book project was to produce concrete
EU energy policy recommendations through interdisciplinary collabora-
tions, a secondary ambition was to showcase the value and opportunities
of interdisciplinarity and inspire others to undertake their own interdisci-
plinary activities. Whilst we appreciate that this book does not capture the
challenges, and potentially difficult conversations, of undertaking inter-
disciplinary work, it does demonstrate how the combination of different
perspectives can develop insights that address energy challenges. As such,
we encourage others to undertake more interdisciplinary activities—
whether that be policymakers engaging with different communities and
perspectives to inform their activities; SSH researchers reaching out to
their STEM colleagues down the corridor, and vice versa; or reaching out
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to someone new to provide support as you expand the remit of your work.
After all, by moving beyond disciplinary silos, engaging with different
perspectives, and adopting different methods, it helps stimulate innova-
tive approaches and alternative ways of thinking, which are critical for
addressing the complex sustainability and energy transition challenges we
face.
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AFTERWORD I: A QUEST FOR MORE
INTENTIONAL INTERDISCIPLINARY
SYNERGIES BY GIULIA SONETTI
AND OSMAN ARROBBIO

Giulia Sonetti is o Researcher and Project Manager at the Research Insti-
tute for Sustainability Science and Technology, Universitat Politécnica de
Catalunya—DBarcelona Tech. Her work focuses on transformative learning,
transdisciplinarity, and sustainability education, with a special focus on
mental health, climate anxiety, and active hope in future genevations.

Osman Avrvobbio is an Assistant Professor in Sociology of the Environ-
ment at the University of Parma (Italy), ESH Lab (Environmental Social
Humanities Lab). He obtained his PhD in Sociology at the University of
Turin. Amonyg bis main rvesearch intevests ave: eneryy transitions, ecological
transitions, sufficiency, practice theory, light pollution.

In this edited book on EU energy policy aimed at transitioning to
carbon neutrality, the convergence of Social Sciences and Humanities
(SSH) with Science, Technology, Engineering and Mathematics (STEM)
enriches the dialogue on sustainable energy strategies. The chapters,
each through a distinct lens, cohesively advocate for interdisciplinary
approaches essential for addressing complex environmental and societal
challenges.

For instance, in Chapter 10 by Buylova et al., the authors explore
energy efficiency within urban planning, employing multicriteria decision-
making models that encapsulate both economic and environmental objec-
tives. This approach exemplifies the necessity of frameworks that opera-
tionalise the trade-offs in energy policy decisions, in terms that resonate
with multiple stakeholders including housing associations and regulatory
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bodies. Similarly, in Chapter 4, Biischer et al. discuss the potential of
geothermal energy communities in both the European Union and African
Union contexts, illustrating the global applicability of locally-rooted
energy solutions.

A central theme across the book is the pivotal role of communities
and the need for involving a broad array of stakeholders in the energy
transition process (Arrobbio & Sonetti 2021). This reflects a broader
objective mirrored in SSH CENTRE’s mission to foster inclusive and
practical cross-sectoral collaborations. Notably, in Chapter 6, Macrorie
et al. underscore the importance of developing skilled and diverse work-
forces for building retrofit projects, which highlights another critical
aspect of community involvement in sustainability transitions.

Indeed, the integration of SSH insights with STEM expertise within
Chapter 6 significantly enhances the depth and applicability of the
research presented. It integrates insights from Civil and Structural
Engineering, Human Geography, and Sociology. This interdisciplinary
perspective explores how different approaches can support inclusivity in
skills provision and employment outcomes, and thereby fundamentally
illustrates the potential fruits of interdisciplinarity.

To mainstream such interdisciplinary approaches, it is imperative that
educational and funding structures within academic and policy-making
realms support such collaborative ventures (Bina et al., 2021), acknowl-
edging the nuances and ramifications of cross-disciplinary scientific work,
from individual academics to broader systemic factors like funding,
resource allocation, and power dynamics that influence interdisciplinary
research—as per a Sociology of Interdisciplinarity (Silvast & Foulds,
2022). In this line, programmes that nurture a combination of SSH and
STEM—and hopefully transdisciplinary competencies among upcoming
professionals—will be essential in sustaining the innovative momentum
required to tackle contemporary energy challenges.

Looking forward, the insights from this book should guide the
next phases of research and action in EU energy policy. The strate-
gies discussed, such as those in Chapter 8 by Clain et al. about social
acceptability of energy transitions, need to be scaled and adapted to
meet the diverse challenges across EU Member States. Policymakers, in
collaboration with researchers and industry leaders, must take the lead
in championing the implementation of these interdisciplinary strategies,
ensuring they translate from theoretical frameworks (and relative EU call
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wordings and topic destinations) to the selection of funded solutions
(Sonetti et al., 2020).

Moreover, ongoing dialogue among these stakeholders and the ones
we are still not including in the discourse (enlarging the epistemology of
our research) is vital to adapt and refine policy approaches continuously.
This engagement is crucial for adjusting to technological and economic
developments, and especially for aligning with the shifting economic,
social, cultural, and natural landscapes across Europe (Bridge, 2018).

In conclusion, this book presents a compendium of current research,
but also acts as a guide for an evolution of EU energy policy. It
accentuates the necessity for collaborative interdisciplinary research in
formulating policies that deeply consider the plurality of epistemological
perspectives and cultural values. We hope that future energy policies will
stretch this process and include the visions of non-human stakeholders in
the energy transition, recognising that the discourse around technological
and economic viability must move beyond mere trade-offs to embrace a
more integrative approach. This shift is vital for ensuring a transition that
is genuinely equitable and respects the diverse beliefs and stances that
characterise individual and collective transformations.
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AFTERWORD 2: CONSIDERING THE ROLE
OF THE SCIENTIFIC COMMUNITY BY HENRY
JEFFREY AND KRISTOFER GRATTAN

Henvy Jeffrey is a specialist in energy voadmaps and strategies for the
offshore vemewable energy sector. He is a co-divector for the UK SuperGen
(Offshove Renewable Energy) project and heads the Policy and Innova-
tion Group in the University of Edinburgl’s Institute for Energy Systewms.
Henry chairs the Euvopean Energy Reseavch Alliance Ocean Energy Joint
Programme and collaborates on numerous European ocean energy projects.

Kristofer Grattan is a Research Associate in offshore renewable energy
at the University of Edinburgh, working within the Policy and Innovation
Group, specialising in the production of policy guidance reports and energy
System Scenarios.

From escalating geopolitical instabilities rising across the globe, to the
increasingly shared lived experiences of the climate emergency, we exist
now within an era of concurrent crises, where the time to act decisively
is diminishing. With the provision of clean, sustainable, and just sources
of energy for all of society residing at the intersection of these challenges,
this book has arrived at a pivotal moment.

Across its chapters, it asks the reader to question: what is the role of the
scientific community in fostering the ongoing transformation to sustain-
able and climate-resilient energy systems? From reading, it is clear that
this question could be answered in a number of ways.

The energy transformation that is required will be an undertaking
fraught with complexity, where the role of the scientific community
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in clearly interpreting, outlining, and communicating the challenges we
can expect is of critical importance. Ensuring that all of society—from
high-level policymakers to base-level consumers—can make informed and
un-biased decisions is a necessary first step on this pathway to trans-
formation. Its consequences are also clear, as evidenced through the
focus on stakeholder engagement by Buylova et al. (Chapter 10), where
the removal of knowledge barriers is identified as key for encouraging
stakeholders to make positive energy efficiency decisions.

Equally, there is also a role for the scientific community in ensuring
that the tools required to underpin this transition, such as the focus on
energy system modelling by Stsser et al. (Chapter 11), are used in an
open, accessible and inclusive manner. By embracing an interdisciplinary
approach, which unites the wide range of experts that will be required to
facilitate the energy transformation, it will be possible to deliver change
that is empowering and just for those who need it most.

Finally, the role of technical experts in continuing to deliver the innova-
tion, development, and deployment that is the natural conclusion of the
energy transformation cannot be understated. However, by combining
these roles with the insight and access that can only be achieved through
comprehensive engagement with communities and local stakeholders, we
can continue to strengthen support and engagement at a grassroots-level.

What is clear across these chapters, however, is that the slow rate of
change associated with business-as-usual policymaking will not deliver
the radical energy system transformation that is required. As we reach
the midpoint for the critical decade for climate action, it has never been
more important to embrace new approaches. From the use of machine
learning and drones to monitor our expanding energy systems, to new
configurations of energy governance, input and self-determination, there
is an immediate and pressing need to break from the status-quo that has
delivered us to this point. The ongoing energy transformation will be the
greatest challenge of our generation, but it also presents the chance to
radically re-imagine and re-design how energy interacts and shapes our
everyday lives.

Our experience of working at the intersection of academia and energy
policy within the ocean energy sector has highlighted to us the impor-
tance of access to strong networks of collaboration, supported by interna-
tional organisations with the foresight and drive to set ambitious targets.
However, we are also witnessing how powerful ideas, combined with
considerate policymaking, can lift up entire communities and regions,
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often considered ‘remote’ from centres of high-tech industry. In many
cases, these transformations are being driven from the ‘bottom-up’, where
the societies whose landscapes are being re-shaped and re-defined, who
come into daily contact with our new energy sources, are playing an active
role.

It is this active role—i.c. the opportunity to become active partic-
ipants in our own energy democracy—that is now most important of
all. The consequences of allowing the climate emergency to continue
unchecked have never been presented more clearly than they are today,
yet the collective response of international governments is to move slowly
and cautiously. To deliver the radical change required it is our shared
responsibility as the scientific community, policymakers, and responsible
consumers of energy, to encourage bold decision-making, accelerate our
response and lend collaborative voices to securing a just and sustainable
future for all.



AFTERWORD 3: EMPOWERING THE ENERGY
TRANSITION: COLLABORATIVE PATHWAYS
AHEAD FOR EUROPEAN UNION PoOLICY
BY EMMA BERGELING

Emma Bergeling works as o Junior Policy Analyst in the Climate and
Circular Economy team at the Institute for Euvopean Environmental Policy
(IEEP). With a specialisation in Ecological Economics, her research inter-
ests span sustainable vesource management, circulay economy policy, and
redesign of economic systems to fit within planetary boundaries.

The imperatives for rapidly mitigating climate change are difficult to
exaggerate (EEA 2024). Indeed, the European Union (EU) has made
significant strides with the European Green Deal, including the Fit for
55 policy package, and the REPowerEU plan (European Commission,
2019, 2021, 2022). However, sustained, focused efforts are required to
align EU policy with the best available science and turn it into action
on-the-ground. In this regard, this book offers important insights.

What is striking when reading the chapters is the remarkable range of
topics covered. As an Environmental Policy Analyst, I was not initially
expecting (although was delighted) to read, for example, about cyber
resiliency in the context of the European energy transition, as discussed by
Mersni et al. in Chapter 9. All chapter topics in turn contain a myriad of
perspectives and considerations, underscoring the importance of collab-
orations between different spheres of knowledge to successfully navigate
the complexity of the energy transition.

On the theme of action and success, numerous ready-to-implement
solutions exist. For instance, Macrorie et al. (Chapter 6) explain that
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building retrofits can achieve at least a 60% energy reduction. Further
potential for the construction sector lies in the newly revised Energy
Performance of Buildings Directive specifying that all new buildings
should be zero-emission as of 2030 (European Union, 2024). Simi-
larly, Bischer et al. (Chapter 4) underscore the untapped potential of
geothermal energy for community development. Such chapters offer vital
steps to ensure that this potential is harnessed into energy policies with
tangible environmental and social benefits.

A red thread running through the chapters is the notion of participa-
tion and empowerment for a just transition. This—the bow of the energy
transition—is central. For instance, Stisser et al. (Chapter 11) highlight
gaps in energy modelling concerning three dimensions of justice: recog-
nitional (whose worldviews are represented versus excluded?), procedural
(who was involved in the process?), and distributional (how are gains and
losses distributed?). The authors outline the important role that Social
Sciences and Humanities (SSH) can play in addressing the gaps. Indeed,
there is much room for behavioural, societal, and cultural interventions
to play in the various stages of the EU policy process (Urios et al., 2022).

So, what else, in addition to the policy highlights in each chapter,
can be derived from this book for EU policy? I would like to draw
attention to the need for brave leadership. Buylova et al. (Chapter 10)
highlight that some political groups use societal concerns regarding equity
and cost of living as an argument for lowered ambitions in climate and
environmental policies. This is a dangerous path to tread that fails to
recognise the inherent interconnectedness of social, economic, and envi-
ronmental issues. The cost-of-living crisis will certainly not be solved by
runaway climate change. EU citizens know this, with a vast majority
demanding increased political action on climate change (Andre et al.,
2024). EU policymakers should realise this strong support and act accord-
ingly. Specifically, setting science-based climate targets for 2040 based on
the precautionary principle and equity will be one of many important
tasks for the next legislators.

In a time of increasing polarisation and political opportunism, radical
collaboration, and rethinking are more central than ever. Can you imagine
a world where our economic systems are aligned with Earth’s systems?
A world where sustainability is no longer about mitigating harm, since
the economy is designed to be as regenerative and distributive as nature
itself? Table 4.1, by Biischer et al. (Chapter 4), gives a glimpse of what
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energy sources are present in such a future: wind, rain, agricultural waste,
sunshine, Earth’s deep heat. Not a sign of harmful fossil fuels.

No-one said mitigating climate change would be easy; it demands
change across all of society. But science is shouting loud and clear that
we have everything to win by embarking on this journey with speed
and determination. So, let us proceed to work in our different roles; in
Science, Technology, Engineering and Mathematics (STEM) and SSH,
in our communities and in EU policy, apart and—crucially—together. All
with the common aim of thriving alongside other species within the limits
of the green and blue planet we have the great privilege of calling our
home.
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As a Swedish colleague once said: while energy efficiency is not diffi-
cult, it 45 complicated. The same, we could say, goes for the whole energy
transition. Unfortunately, many circles (still) default to the position that
technology will solve all this complexity. The wide-ranging discussions in
this book show that that default position does not work and it is time to
adopt a systemic approach to the climate crisis we face.

Already in 1984, the US National Research Council wrote Energy Use:
The Human Dimension. This book discusses the major social and political
components of energy policy to put energy into its human context. This
has influenced our thinking ever since, but its impact was much less than
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it should have been. Now, 40 years later, as the climate crisis accelerates,
we are finding an entire new generation that is understanding the need
to embed the human. All of the interdisciplinary teams contributing to
this book address the failure to do so until now. Each chapter exposes a
shortcoming in our energy policymaking and implementation. In doing
so—and in proposing remedies—together they, thus, move us into the
right direction. They make you think differently about the energy transi-
tion than the default approach. They bring the human dimension front
and centre, showing the complexity of energy-related decisions.

These chapters clearly demonstrate that bringing in the human dimen-
sion requires an interdisciplinary approach. Social Scientists and Engineers
need to collaborate to be able to develop policies and programmes that
lead to optimal outcomes for a liveable climate.

A prevalent theme is the importance of community-led participation—
whether that be related to the implementation of EU policy measures
(Mey et al., Chapter 2; and Macrorie et al., Chapter 6), engaging society
for better acceptance of less established (or understood) energy sources
(Buscher et al. Chapter 4), or navigating digital infrastructures (Buylova
et al., Chapter 10). Specifically, such contributions reiterate how a human-
centric approach enables collaboration with local communities to build
common ground and support implementation.

The success of the energy transition is contingent on community-led
implementation and engagement that puts consumers at the heart of
the transition—a bottom-up policy-making process, if you will. This is
particularly important for the built environment, which has often been
overlooked due to the (mis)perceptions of how challenging it would be to
decarbonise. Now, it is true that it is challenging—and that is because of
the human factor. Engineering solutions keep tripping over it, for having
missed it in their plans. It takes technical solutions to improve the energy
performance of the building envelope, but it takes the human factor to
have that work actually undertaken.

Europe is falling far short in undertaking the energy renovations
needed to meet the objectives of the EU Renovation Wave Strategy
(European Commission, 2020). One key element in accelerating the pace
is providing appropriate information for consumers to make good deci-
sions. As Calver et al. (Chapter 5) states, for citizens to participate in
domestic energy actions, there is the need to relate alternative prac-
tices to their individual situations, and see these practices in relation to
both co-benefits and drawbacks, such as finance and health outcomes.
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One-stop-shops are a great instrument in this regard (Macrorie et al.,
Chapter 6), as they can create a consumer journey for improved energy
performance that balances needs and capabilities of the consumer.

Our clean energy transition is a challenge never experienced before.
The chapters on geothermal, nuclear, societal engagement, social accep-
tance, communities, and the buildings directive all show that we will
not meet this challenge if we do not take the consumer or citizen as
the starting point. The interdisciplinary approach that follows from that
starting point should be the new default position.
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