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Preface

This thesis is a cumulative dissertation composed of one project deliverable and four original
research articles published or currently under review in peer-reviewed journals. In chapters 1
and 2, I present the context and the conceptual building blocks of the thesis. Chapter 3 outlines
the research design and methodology, while chapters 4 and 5 present the interdisciplinary and
transdisciplinary contributions. I summarize the contributions and provide conclusions in
chapter 6, followed by chapter 7 where I outline the research limitations and the
recommendations for research, practice, and transdisciplinary early career researchers.
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Summary | EN

The energy transition stands as one of the most pressing challenges of our time, requiring not
only a transformation of technical energy systems but also significant shifts in social and
institutional structures. This thesis investigates the interplay between technical infrastructure,
agency, justice, and large-scale transformation in the energy transition, with a focus on how
individual and collective agency is shaped by and shapes technical, social, and institutional
dimensions. By bridging insights from engineering, social sciences, and transdisciplinary
approaches, this work provides a multifocal understanding of how these dimensions interact to
drive change.

A central theme of the thesis is the interdependence between technical infrastructure and social
systems. The design and operation of technical systems, such as electricity grids and heating
systems, profoundly influence the capacities of individuals and communities to make decisions
and take action. At the same time, social and institutional dynamics shape the evolution of
technical systems, demonstrating that agency is both constrained by and capable of influencing
the structures within which it operates. This bidirectional relationship increases the complexity
of achieving systemic transformation and highlights the need of interdisciplinary approaches
to achieve the needed transformation with the required pace.

Historical analysis reveals the transformative potential of collective action in challenging
entrenched interests and influencing social norms. This perspective is critical for understanding
how agency can drive large-scale systemic change in the energy transition. The thesis also
explores how the design of technical systems impacts decision-making capabilities and justice
outcomes. In the electricity sector, the operational and structural grid requirements, such as
maintaining stability and integrating decentralized renewables, constraint both individual and
collective agency, demonstrating the interplay between technical and social systems.

Alignment of stakeholder visions emerges as another critical factor for achieving large-scale
change. By analyzing the perspectives of system operators, policymakers, and energy
companies, the thesis highlights the importance of shared visions in overcoming institutional
inertia and addressing the technical and operational constraints of legacy energy systems. These
shared visions are necessary to align individual and collective actions with broader systemic
goals, to accelerate the energy transition.

The research also emphasizes the role of capacity-building and participatory processes in
amplifying agency. Through structured programs and community-driven initiatives, the thesis
demonstrates how local actors can co-create solutions that align technical feasibility with social
legitimacy. For example, a case study on a rural energy community in North Macedonia
illustrates how transdisciplinary facilitation enables communities to address local challenges
while contributing to the broader energy transition. Such efforts highlight the potential of
participatory approaches to bridge the gap between top-down policies and bottom-up actions,
fostering resilience, equity, and inclusivity.
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Overall, this thesis reveals that the energy transition cannot be achieved solely through
technological innovations or policy mandates. It requires an integrated approach that
recognizes the interdependence of technical systems, social dynamics, and institutional
frameworks. By addressing these dimensions collectively, the research contributes to a deeper
understanding of how agency can be exercised and amplified across different scales, from
individual households to institutional governance.

The findings show the possibilities of technical systems to accommodate diverse forms of
agency and ensure they are not only technically effective but also socially equitable and
contextually embedded. They also highlight the importance of institutional adaptation to
support the transformation of energy systems to foster collaborations among citizens,
communities, businesses, and policymakers. These insights provide insights for achieving a
sustainable, just, and inclusive energy transition, where technical and social transformations
reinforce each other to address the global challenge of climate change.
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Zusammenfassung | DE

Die Energiewende stellt eine der grofiten Herausforderungen unserer Zeit dar. Sie erfordert
nicht nur eine Transformation technischer Energiesysteme, sondern auch eine erhebliche
Verdanderung sozialer und institutioneller Strukturen. Diese Dissertation untersucht das
Zusammenspiel zwischen technischer Infrastruktur, Agency, Handlungsmacht, Gerechtigkeit
und groBangelegter Transformation im Kontext der Energiewende. Besonders herausgearbeitet
wird dabei, wie individuelle und kollektive Handlungsmacht durch technische, soziale und
institutionelle Dimensionen geformt wird und diese zugleich beeinflusst. Durch Erkenntnisse
aus Ingenieurwissenschaften und Sozialwissenschaften, verkniipft mit transdisziplindren
Ansitzen, schildert diese Arbeit umfassend, wie die Dimensionen interagieren, um Wandel zu
bewirken.

Ein zentrales Thema der Dissertation ist die wechselseitige Abhingigkeit zwischen technischer
Infrastruktur und sozialen Systemen. Gestaltung und Betrieb von technischen Systemen,
beispielsweise von Stromnetzen und Heizsystemen, beeinflussen mafgeblich die
Entscheidungs- und Handlungsmdglichkeiten von Individuen und Gemeinschaften.
Gleichzeitig pragen soziale und institutionelle Dynamiken die Weiterentwicklung technischer
Systeme. Einerseits wird Agency also durch bestehende Strukturen begrenzt, andererseits kann
sie diese Strukturen aktiv beeinflussen. Diese wechselseitige Beziehung verstirkt die
Komplexitidt systemischer Transformationen. Auch unterstreicht sie die Notwendigkeit
interdisziplindrer Ansdtze, um den Wandel mit der erforderlichen Geschwindigkeit
voranzutreiben.

Historische Analysen zeigen das transformative Potenzial kollektiven Handelns auf, um
hartnéckige Interessen herauszufordern und soziale Normen zu beeinflussen. Dieser Ansatz ist
entscheidend, um zu verstehen, wie Agency groBangelegte systemische Verdnderungen in der
Energiewende beglinstigen kann. Die Arbeit untersucht zudem, wie die Gestaltung technischer
Systeme sowohl Entscheidungsfahigkeit als auch Gerechtigkeitsaspekte beeinflusst. Im
Stromsektor werden dariiber hinaus die betrieblichen und strukturellen Anforderungen von
Netzen analysiert, zum Beispiel die Aufrechterhaltung der Stabilitit und die Integration
dezentraler erneuerbarer Energien. Die Anforderung sind mit Einschrankungen fiir individuelle
und kollektive Agency verbunden und verdeutlichen das Zusammenspiel von technischen und
sozialen Systemen.

Der Abgleich von Stakeholder-Visionen erweist sich als ein weiterer entscheidender Faktor,
um grofangelegte Verdnderungen zu erreichen. Durch die Analyse der Perspektiven von
Netzbetreibern, politischen Entscheidungstriger:innen und Energieunternehmen zeigt die
Dissertation die Bedeutung gemeinsamer Visionen auf, um institutionelle Tragheit zu
iiberwinden und technische sowie operative Einschrinkungen bestehender Energiesysteme zu
adressieren. Diese gemeinsamen Visionen sind notwendig, um individuelle und kollektive
Handlungen mit umfassenderen systemischen Zielen in Einklang zu bringen und die
Energiewende zu beschleunigen.



Die Forschung betont aulerdem die Rolle von Kapazititsaufbau und partizipativen Prozessen
bei der Verstarkung von Agency. Durch strukturierte Programme und gemeinschaftsorientierte
Initiativen zeigt die Dissertation, wie lokale Akteur:innen Losungen mitgestalten konnen, die
sowohl technisch machbar als auch sozial legitimiert sind. Ein Fallbeispiel einer ldndlichen
Energiegemeinschaft in Nordmazedonien verdeutlicht, wie transdisziplindire Moderation
Gemeinschaften dabei unterstiitzt, lokale Herausforderungen zu bewéltigen und gleichzeitig
zur breiteren Energiewende beizutragen. Solche Bemiihungen unterstreichen das Potenzial
partizipativer Ansitze, die Liicke zwischen top-down-Politiken und bottom-up-Initiativen zu
schlieen und Resilienz, Gerechtigkeit und Inklusion zu férdern.

Insgesamt zeigt diese Dissertation, dass die Energiewende nicht allein durch technologische
Innovationen oder politische Vorgaben erreicht werden kann. Sondern sie erfordert einen
integrierten Ansatz, der die Wechselwirkungen zwischen technischen Systemen, sozialen
Dynamiken und institutionellen Rahmenbedingungen anerkennt. Durch die gemeinsame
Betrachtung dieser Dimensionen trigt die Forschung zu einem tieferen Verstindnis dariiber
bei, wie Agency auf verschiedenen Ebenen ausgeiibt und verstarkt werden kann, von einzelnen
Haushalten bis hin zur institutionellen Steuerung.

Die Ergebnisse verdeutlichen die Mdglichkeiten, technische Systeme so zu gestalten, dass sie
verschiedene Formen von Agency fordern und nicht nur technisch effizient, sondern auch
sozial gerecht und kontextuell eingebettet sind. Zudem wird die Bedeutung institutioneller
Anpassung hervorgehoben, um die Transformation von Energiesystemen zu unterstiitzen und
Kooperationen zwischen Biirger:innen, Gemeinschaften, Unternechmen und politischen
Akteur*innen zu fordern. Diese Erkenntnisse bieten eine Grundlage fiir die Gestaltung einer
nachhaltigen, gerechten und inklusiven Energiewende, bei der sich technische und soziale
Transformationen gegenseitig verstirken, um die globale Herausforderung des Klimawandels
anzugehen.
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“The ultimate, hidden truth of the world is that it is something we make
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1. Introduction

The world faces an unprecedented challenge in addressing the consequences of climate change,
with the window of opportunity for action narrowing rapidly. Despite decades of scientific
warnings and different global commitments, including the historic Paris Climate Agreement
2015, greenhouse gas emissions have continued to rise (Carbon Brief, 2024), as seen in Figure
1-1. This persistent growth highlights a disconnect between international ambitions and the
realities of large-scale changes that are needed for tackling the climate change consequences.

The energy sector remains the largest contributor to these emissions (Ritchie et al., 2024),
underscoring the urgent need for a transformation of the energy supply chain and how energy
is produced, distributed, and consumed. From a technological point of view, the transformation
of the energy supply chain for decreasing the emissions is often related to increasing
operational efficiency (IRENA, 2018), replacing technologies that use fossil fuels such as oil,
coal, and natural gas with less carbon intensive, sustainable alternatives, together with
sequestering, capturing and storing the emissions (IPCC, 2023). These approaches highlight
the dominance of a technocentric viewpoint in addressing climate change, which prioritizes the
development and deployment of advanced technologies as the primary solutions for achieving
decarbonization. Aligned with the technocentric approach, the technoeconomic argument
focuses on optimizing energy systems to maximize cost-effectiveness and efficiency. This
perspective advocates for innovations that reduce the levelized cost of energy (LCOE) for
renewable technologies, such as solar and wind, making them economically competitive with
fossil fuels. It also emphasizes economies of scale, infrastructure optimization, and market-
based mechanisms to accelerate the adoption of these technologies.

Figure 1-1: Global CO2 emissions (1959-2024)
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However, the required transformation of the energy sector is a complex process in which
technological innovations alone have proven insufficient to reverse current trends. Even though
these technologies are essential components for decreasing greenhouse gas emissions, their

1



deployment has not gained the required pace to substitute fossil fuels, which according to some
analyses are on track to peak before 2030 (IEA, 2023a). The deployment of the required
technologies is often constrained by social, economic, institutional, cultural and barriers related
with entrenched interest (Seetharaman et al., 2019).

This reality calls for a fundamental shift in how we conceptualize policies for the energy
transition. The dominant technocentric and technoeconomic approaches, while instrumental in
shaping key aspects of policymaking, often overlook the broader socio-political, institutional,
and cultural dimensions of energy systems (Fattahi et al., 2020). These approaches typically
emphasize the benefits and promises of technological advancements, such as increased
efficiency and reduced emissions, without fully addressing the complexities of their
implementation or the unintended consequences they may bring. A narrow focus on technology
risks marginalizing the voices of those most affected by the energy transition, potentially
perpetuating existing inequalities and failing to tackle the root causes of unsustainable practices
and injustices. These include persistent issues such as the lack of access to energy, inequitable
distribution of resources, and the exclusion of marginalized groups from decision-making
processes. For the transition to pick up the required pace, it must be regarded as a socio-
technical challenge, where technological advancements are deeply intertwined with social and
Justice aspects.

At the heart of the energy transition lies the question of agency - who has the power to drive
change, make decisions, and shape the future of energy systems? Historically, energy
transitions have been dominated by technological innovations driven by top-down approaches,
where governments, public and private companies dictated the pace, direction, and scale of
technology adoption (Sovacool, 2017; Fouguet and Pearson, 2012). This model has undeniably
achieved significant milestones on a global scale. For example, the large-scale electrification
in the 20th century (Figure 1-2), brought transformative impacts on human development.

Figure 1-2: Shares of electricity production per energy source
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Such electrification rates boosted the human development index (HDI) (Lenzen, 2010) by
enabling economic prosperity and improved health outcomes through enhanced access to
lightning, heating, clean water, sanitation, and medical services, to name a few. Similarly,
centralized planning has enabled the deployment of various energy projects, reduced costs and
increased scale of energy production at unprecedented rates. Nevertheless, this top-down
approach of planning and technology deployment often operates within a narrow framework
of techno-economic feasibility aspects underpinned by efficiency, standardization, and
profitability, which can overlook the diverse needs, values, and capacities of local populations.

Energy systems designed and implemented without meaningful engagement from communities
tend to reflect the priorities of centralized authorities rather than the needs of the people who
these systems need to serve. This disconnect can lead to resistance at multiple levels - social,
cultural, and political, manifesting in delayed projects, public opposition, and even outright
failures. Such lack of community engagement risks developing energy solutions that are not
adapted to the local context (Susskind et al., 2022). For example, renewable energy projects
imposed on local communities without prior consultation or expressing the clear benefits for
the residents have sparked protests, particularly when perceived as infringing on land rights or
cultural heritage (Mosesdottir, 2024). Further examples include countless energy
infrastructure-related projects where communities have opposed developments such as power
plants or transmission lines due to their legitimate concerns based on perceived negative
impacts on their local environment, property values, or quality of life (Susskind et al., 2022).
These cases, often referred to as NIMBY, illustrate how the exclusion of local voices and the
failure to address community concerns can undermine even well-intentioned and very
important projects aimed at advancing the energy transition.

In previous decades, the energy transition was predominantly shaped by top-down approaches,
driven by centralized energy systems and large-scale policy initiatives. These policies focused
on setting ambitious climate goals, such as those outlined in the EU’s 2030 Climate and Energy
Framework (EUCO, 2014), which aimed to reduce greenhouse gas emissions, increase the
share of renewable energy, and improve energy efficiency across member states. However,
these strategies often emphasized market-driven mechanisms and large-scale renewable energy
deployment, with limited attention to local engagement or community participation.

In recent years however, a bottom-up perspective aimed at addressing the top-down failures
has gained significant traction, highlighting the crucial role and the agency of citizens,
communities, and grassroots initiatives in driving the energy transition. In Europe, this
perspective has even received a policy support through the ‘Clean energy for all Europeans
package’ adopted in 2019 (European Commission, 2024b), and the recognition of two types of
energy communities - Citizen Energy Communities (CEC) and Renewable Energy
Communities (REC) (European Commission, 2024c).

Energy Communities are open, non-discriminatory associations comprising citizens, local
authorities, or small enterprises, organized around collective energy activities with specific
ownership, governance structures, and non-commercial purposes. Their primary goal is to
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provide environmental, economic, or social benefits to members or local areas rather than
financial profit. Participation is open, voluntary, and emphasizes citizen and small business
involvement, particularly those not primarily operating in the energy sector. However, setting
up and integrating these energy communities pose significant institutional and technical
challenges, including the integration in existing markets and the coordination with system
operators, including Distribution System Operators (DSOs) and Transmission System
Operators (TSOs).

This shift towards the bottom-up perspective recognizes that meaningful change often arises
from local, collective and individual actions that harness the agency of people directly impacted
by energy systems. In this thesis, collective action is understood as ‘any cooperative effort
between individuals to reach a common goal’. Unlike top-down approaches, which prioritize
centralized control and large-scale interventions, the bottom-up perspective recognizes and
acknowledges the diversity of local contexts, empowering people to actively shape their energy
futures (Coy et al., 2021). This view aligns with the growing emphasis on empowering citizens
to take proactive roles in the energy transition, transforming them from passive consumers into
engaged participants and co-creators of sustainable energy systems.

Building on both the top-down and bottom-up perspectives, it becomes clear that accelerating
the energy transition requires an interdisciplinary understanding of how agency can be
effectively exercised and amplified. Addressing this requires a deeper exploration of how
agency 1is distributed across governance levels, how technical systems enable or constrain
collective action and agency considering the inherent challenges that technical systems pose
on individual and collective forms of participation, and how socio-technical transformations
can align the strengths of both approaches to achieve a more inclusive and sustainable
transition.

By positioning the energy transition as a socio-technical transformation, this thesis highlights
the interdependence of technological innovation, citizen engagement, and institutional
adaptation. It acknowledges that a sustainable, just, and inclusive transition demands an
interdisciplinary perspective, one that goes beyond the traditional boundaries of engineering to
fuse insights from other disciplines, such as social sciences and humanities. By taking this
approach, this research aims to address the complex interplay between technical systems, social
dynamics and innovations, and institutional structures, offering a more comprehensive
understanding of the energy transition. This fusion enables the identification of barriers and
opportunities that might otherwise remain overlooked, such as the constraints technical systems
impose on individual and collective agency or the potential for citizen engagement to drive
systemic change within technical realities. Ultimately, this perspective facilitates the design of
solutions that are not only technologically viable but also socially equitable and contextually
relevant, contributing to a transition that is inclusive, just and sustainable.



2. Conceptual building blocks
2.1. The dual nature of the energy transition

The energy transition can be regarded as both a goal and a process — there is an urgent need to
decarbonize energy systems to mitigate climate change, but addressing the social, economic,
and institutional challenges inherent in achieving this transformation is imperative. As a goal,
the energy transition represents the global commitment to reduce greenhouse gas emissions,
align energy systems with the objectives of global climate agreements, and ensure a sustainable
future for all. However, as a process, it involves navigating a complex interplay of
technological, social, and political factors to ensure that this transformation is equitable,
inclusive, and just.

The primary goal of the energy transition is to limit global warming to well below 2°C, with
efforts to pursue 1.5°C, as outlined in the Paris Agreement (UNFCCC, 2015). This requires
achieving net-zero greenhouse gas emissions by mid-century, necessitating a shift from fossil
fuel-based energy systems to renewable and low-carbon alternatives. The transition aims to
decarbonize key sectors such as electricity, heating, and transportation, while improving energy
efficiency and promoting sustainable consumption patterns. Reaching this goal is fundamental
for avoiding the most severe impacts of climate change, including extreme weather events,
biodiversity loss, and threats to human health and livelihoods (IPCC, 2021). It also aligns with
broader sustainability objectives, such as improving air quality, reducing dependence on finite
resources, and fostering economic growth through green innovation. However, focusing solely
on the technical and economic aspects of achieving climate goals can overlook the broader
societal implications of the transition, risking unintended consequences for marginalized
populations and vulnerable communities.

As a process, the energy transition is a socio-technical transformation that must address not
only decarbonization needs but also the energy justice principles. In broader terms, energy
justice encompasses three key dimensions: distributive justice (equitable allocation of
resources and benefits), procedural justice (inclusive decision-making processes), and
recognitional justice (acknowledging and addressing the needs of diverse groups) (McCauley
et al., 2019). Integrating these principles into the energy transition is essential to ensuring that
the transition does not exacerbate existing inequalities or create new forms of injustices. A just
energy transition must create opportunities for bottom-up participation, empowering
communities through inclusive mechanisms such as citizen energy initiatives and participatory
planning processes. These approaches not only enhance inclusivity but also foster local
innovation, resilience and capacity.

Furthermore, the energy transition must balance short-term trade-offs with long-term benefits.
Policymakers face challenges in addressing immediate concerns, such as energy security and
economic competitiveness, while pursuing the overarching goal of decarbonization. This often
involves complex negotiations between diverse stakeholders with competing priorities,
including policymakers, public and private companies, and citizens (Radtke and Renn, 2024).
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The dual nature of the energy transition as both a goal and a process require an approach that
integrates technical solutions with social, institutional, and justice considerations. Central to
this transition is the role of individual and collective actions and associated agencies, as the
energy transition is not solely a technical undertaking but a transformative process that depends
on the active participation and empowerment of diverse actors at all levels. The following
section explores how are individual and collective actions manifested in the energy transition,
what is their potential in shaping the energy transition, and what are the challenges they face.

2.2. Individual and collective action and agency in the energy transition

Individual and collective action represent key forms of bottom-up initiatives in the energy
transition, complementing and sometimes challenging top-down approaches. While top-down
approaches such as government policies often set the overarching goals or frameworks for
decarbonization, bottom-up actions arise directly from individuals and communities, enabling
localized and context-specific contributions to the energy transition. These bottom-up efforts
not only address immediate local needs but also have the potential to influence and shape top-
down actions over time.

Individual and collective action in the energy transition manifests in a variety of forms,
reflecting the broad spectrum of social, cultural, and economic conditions across communities.
At the collective level, actions may take the shape of community-led initiatives such as energy
communities or community learning programs, where groups of individuals collaborate to pool
resources, knowledge, and expertise (van Summeren et al., 2022; Berka and Creamer, 2018).
Similarly, community learning programs create spaces for sharing energy-related knowledge,
equipping participants with the skills and information necessary to adopt sustainable practices
and technologies. Energy communities, for example, not only increase renewable energy
generation but also foster a sense of ownership, accountability, and empowerment within the
community (Eklund et al., 2023). Beyond their direct impact on energy systems, these
initiatives create a range of social benefits, including increased trust among community
members and local economic development through job creation (Bielig et al., 2022).

On an individual level, actions align with personal circumstances and motivations. These
actions include adopting energy-efficient technologies, such as installing rooftop solar panels,
upgrading to energy-efficient appliances, or retrofitting homes with better insulation (Peng and
Klo6ckner, 2025). Such investments not only reduce energy consumption but also lower energy
bills, making them economically attractive and environmentally beneficial. Similarly, the
adoption of electric vehicles or participation in ride-sharing programs contributes to reducing
greenhouse gas emissions in the transportation sector. Individual actions are often
complemented by lifestyle changes, such as shifting to public transport, adopting active modes
of transportation like cycling or walking, and reducing energy consumption through mindful
behaviors like turning off unused devices or moderating heating and cooling usage (Andreou
et al., 2022).



In addition to these personal and household-level changes, individual agency is increasingly
being exercised in the political sphere, where citizens use their voices and votes to influence
policies and drive systemic change. This includes voting for climate policies, participating in
public consultations, advocating for sustainability measures, and supporting initiatives that
align with renewable energy goals. Furthermore, individuals play a crucial role as activists and
advocates, engaging in protests, campaigns, and movements that demand stronger climate
action from governments and corporations (Armstrong, 2024). These political actions not only
reflect individual agency but also amplify collective efforts, creating momentum for policy
changes and institutional reforms that are vital for achieving a just and equitable energy
transition.

These individual and collective actions are related to the energy citizenship concept, which
frames individuals and communities as active players in the energy transition, rather than
passive consumers. Devine-Wright (2006) outlines that the concept ‘conjoins rights and
responsibilities, underpinned by sustainability principles of participation, local action, equity,
justice and the remediation of poverty facilitated by procedural mechanisms supporting the co-
production of responses to contemporary challenges’. Energy citizenship goes beyond adopting
sustainable practices; it encompasses participation in energy decision-making (Ryghaug et al.,
2018), establishment and co-ownership of renewable energy initiatives (Sierro and Blumer,
2024) and engaging politically through advocating or participating in protest and supporting
movements aimed at policy changes that reflect collective values and priorities (Campos and
Marin-Gonzalez, 2020). Dunphy and Lennon (2023) define different expressions of energy
citizenship based on different modes of energy participation that may include consumption,
access to information and energy production, to name a few. The first category of energy
citizenship expressions is related with access to energy and energy resources; the second and
third categories are related with consumption and production of energy, while the fourth
category of energy citizenship is related with actions in the political sphere, such as litigation
and activism (Dunphy and Lennon, 2023).

Regardless of the category, one of the main characteristics of these bottom-up, individual and
collective actions, is their potential to challenge and reshape traditional power dynamics in the
energy sector. Historically dominated by centralized utilities and large corporations, the energy
sector has operated under a model where end-users are treated as passive consumers of energy
services (Geelen et al., 2013). Bottom-up initiatives disrupt this paradigm by enabling citizens
and communities to take on active roles as prosumers, co-owners, and decision-makers. This
shift may democratize energy systems, redistribute power and control while fostering more
inclusive governance models. Moreover, these efforts reform the current system by introducing
new models of participation, rethinking the ownership of infrastructures, and decision-making
processes that are more aligned with principles of equity, sustainability, and local
empowerment. For instance, energy communities often operate on democratic principles,
where members have an equal say in decisions about the functioning of the system (Jochemsen
et al., 2024). Such models not only address issues of access and fairness but also build local
capacity and social cohesion, creating energy systems that are more resilient to external shocks
and adaptable to future challenges.



This bottom-up perspective also highlights the cultural and behavioral dimensions of the
energy transition. By placing citizens at the center of energy systems, it acknowledges that
technological solutions alone cannot achieve the deep societal changes required for
decarbonization. Social acceptance, behavioral shifts, and community engagement are equally
critical (Steg et al., 2015), and bottom-up initiatives serve as laboratories for experimenting
with new practices, norms, and values that align with a low-carbon future. The bottom-up
approach may improve legitimacy, address local priorities, and tailor solutions to specific needs
and conditions that are often overlooked in one-size-fits-all top-down strategies (Hobson and
Payne, 2022). By using local knowledge and adopting participatory processes, these initiatives
ensure that energy systems are not only technically effective but also contextually embedded
and socially and culturally relevant. This localized adaptability is particularly important for
marginalized communities, which may face unique barriers to participation in centralized
energy transitions.

2.3. Technical considerations for individual and collective action

Despite this growing recognition of the agency related with individual and collective actions
in the energy transition, significant tensions persist between bottom-up and top-down design
and execution. From an engineering perspective, centralized planning and operation of
technical systems is crucial for the coordination of large-scale infrastructure projects and taking
advantage of economies of scale (Helmrich et al., 2021), including electricity grids and district
heating networks. Without these centralized systems, fragmented individual efforts risk being
inefficient, misaligned, or unable to address the scale of the climate crisis.

On the other hand, individual and collective actions face a range of challenges that may limit
their effectiveness and scalability. These initiatives operate within institutional and technical
environments that were not designed to support decentralized energy systems or active citizen
participation. For example, policies may favor large utilities over small-scale projects, creating
financial and bureaucratic hurdles for community energy initiatives. Similarly, technical
systems, such as centralized grids, may lack the flexibility to accommodate renewable energy
sources (RES) and distributed energy resources (DERs), effectively constraining the agency of
collectively driven energy initiatives. These constraints are inherent in the energy systems
designs, as they were not structured to give agency to their users (Lennon et al., 2019).

Additionally, barriers may arise not only from resource and design limitations or systemic
biases but also from the legacy issues embedded in existing technical and institutional systems.
Many energy systems were designed during an era of centralized control, reflecting priorities
and power structures that are often misaligned with the needs of decentralized, citizen-driven
energy systems. For example, legacy grid infrastructure may prioritize one-way energy flows
from centralized power plants to consumers (Iweh et al., 2021), making it technically and
economically challenging to integrate prosumers or energy communities. Similarly,
institutional legacies and entrenched interests, such as monopolistic utilities, may resist reforms
that threaten their traditional roles and revenue streams (Sovacool, 2009).



Bridging these perspectives requires an understanding of how agency is distributed across the
system and how such agency may be amplified or constrained by the technical and institutional
systems currently in place. In technical terms, the ability of bottom-up, individual and
collective actions to exercise agency depends on the design and flexibility of the technical
infrastructure. Institutionally, the challenge lies in creating governance structures and policies
that recognize and support the agency related with collective, bottom-up actions. Addressing
these tensions requires confronting legacy issues that perpetuate inequities and inefficiencies
in technical systems. This includes reevaluating the roles of traditional energy actors such as
system operators and adapting their functions to align with a more participatory and
decentralized energy future (Koirala et al., 2018). It also involves investing in infrastructure
upgrades that enable technical systems to accommodate and support diverse actors.

Ultimately, bridging the gap between bottom-up and top-down approaches demands a wider
perspective that recognizes the interdependence of technical, institutional, and social
dimensions. Therefore, the work presented in this thesis spans across scientific disciplines and
dimensions, offering a wider understanding of the energy transition. Grounded in the
intersection of engineering and social sciences, this work also reflects a personal
transformation, from perceiving the energy transition as a primarily technical challenge due to
my engineering background, to understanding it as a deeply socio-techno-institutional process
of change influenced by my doctoral research. These dimensions are deeply intertwined, and,
in this thesis, these dimensions are understood to relate to different elements. For example, the
technical dimension may include the design, integration and operation of technologies within
a technical system. The social dimension may relate to aspects including ownership, public
acceptance, community participation, and justice considerations such as equitable access to
energy resources and representation in energy decision-making. The third dimension, or the
institutional dimension, may include policies, governance structures, and market mechanisms
that either enable or constrain change. By addressing these dimensions collectively, this thesis
seeks to advance an integrated understanding of the energy transition as a multidimensional
process that requires alignment between technical solutions, social aspects, and institutional
reforms.

2.4. Overarching research goals

Despite significant multidisciplinary progress in the energy transition, a critical knowledge gap
persists in fully comprehending how agency operates at the intersection of technical, social and
institutional dimensions. While the existing literature has focused on either the technical
optimization of energy systems or the social and institutional dimensions of the transition, there
is limited integration of these perspectives to explore how technical constraints shape or limit
individual and collective agency. Additionally, the ways in which agency can be amplified
across different scales, ranging from individual households to community-driven initiatives
and institutional stakeholders, remain underexplored. This gap is evident in contexts where
bottom-up actions must navigate and challenge the rigidities of legacy systems (including



technical and institutional), while simultaneously aligning with top-down policy frameworks
and technical requirements.

Therefore, the overarching aim of this research is to deepen the understanding of where agency
resides, how it is exercised, and how it can be influenced and amplified within the context of
the energy transition. By situating the research at the intersection of engineering and social
sciences, it seeks to explore how agency is influenced by and how it is distributed across
structures of the technical energy systems, examining the roles of institutions, private and
public companies, communities, and individuals in advancing the energy transition and their
interests. Understanding how these actors interact, complement, or conflict with one another is
essential for identifying the barriers for the needed change. The research also seeks to shed
light on the ways in which technical, social, and institutional systems enable or constrain
agencies related with different types of individual and collective actions.
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3. Research design and methodology
3.1. Research motivation

The energy transition represents one of the most pressing societal challenges of our time,
necessitating a shift not only in technical systems but also in the underlying social and
institutional structures that support them. As outlined in the introduction and the literature
review, addressing this challenge requires an understanding of where agency for action resides,
how it is influenced by the technical systems, how it may be effectively exercised, and how it
can be influenced to drive systemic change. This thesis places a particular focus on collective
and individual action, energy justice, stakeholder vision alignment, and community
engagement. It is motivated by the need to explore these questions across different dimensions
such as technical, social, and institutional, using interdisciplinary and transdisciplinary
approaches. The research and the themes covered within this thesis are directly tied to the work
I conducted within the ENCLUDE project.

The Horizon 2020 project Energy Citizens for Inclusive Decarbonization — ENCLUDE, aimed
to support the EU's goal of a just and inclusive energy transition by sharing and co-creating
knowledge and practices that empower a diverse range of citizens to contribute to different
decarbonization efforts. Recognizing the growing role of citizens as active participants in
shaping the energy system, ENCLUDE emphasized the concept of "energy citizenship"”, as a
participatory role for energy consumers in the transition. A key initiative of ENCLUDE in
which I was directly involved was the ENCLUDE Academy for Energy Citizen Leadership.
The Academy aimed to share knowledge about energy citizenship, decarbonization
opportunities, and collaborative strategies for bottom-up actions with citizens and NGOs across
the world, with most participants coming from Africa and Europe. The Academy focused on
mobilizing actions for decarbonization, particularly engaging communities that have
historically been excluded or underrepresented in energy-related civic processes. Detailed
information about the Academy is provided in Contribution 4.

3.2. Methodology

To reach the overarching goal, this thesis adopts a methodological framework that combines
interdisciplinary and transdisciplinary approaches. These methodologies enable a deeper
exploration of agency, justice, and systemic transformation across different scales, contexts and
temporal dimensions.

The first contribution employs an interdisciplinary approach rooted in social and environmental
sciences to examine historical examples of collective action. By focusing on case studies of
past social movements, this contribution highlights how individual and collective agency has
historically influenced systemic change. The analysis draws on the Social-Ecological Systems
(SES) framework, providing a deeper understanding of the dynamics of individual and
collective action and its role and potential to influence large-scale transformations.
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The second and third contributions integrate insights from engineering and social sciences to
explore the interdependence of technical and socio-institutional dimensions of technical
systems. Contribution 2 applies an energy justice framework and the capability approach (CA)
alongside engineering analysis to evaluate energy decision-making capabilities and in
individual and collective heating systems. This interdisciplinary perspective reveals how
system design influences justice outcomes and decision-making at household levels across
different types of heating systems. Contribution 3 on the other hand uses the socio-technical
imaginaries (STI) framework to investigate different stakeholder visions in the electricity
sector in Switzerland, emphasizing the agency of system operators to influence the energy
transition. In this contribution, visions are considered to relate to the stakeholders’ subjective
understandings and expectations regarding the transformation of the electricity grid. This
contribution outlines the need for visions’ alignment among policymakers, system operators,
and energy companies for realizing the country’s electricity system transformation. By bridging
technical and social perspectives, this contribution identifies barriers to and drivers of system-
wide changes for reaching the national climate and energy goals.

The fourth and fifth contributions adopt transdisciplinary approaches to engage directly with
different stakeholders and co-create actionable solutions. The ENCLUDE Academy, explained
in Contribution 4, adopts transdisciplinary approaches to share knowledge with citizens and
local leaders to take active roles in the energy transition. This contribution highlights the value
of capacity-building and peer learning in fostering leadership and collaboration across diverse
contexts. On the other hand, Contribution 5 focuses on community collaboration,
demonstrating the role of a transdisciplinary researcher in setting up local energy solutions.
This study shows how participatory processes and knowledge-sharing workshops can empower
communities to address local challenges while aligning with broader sustainability goals.

3.3. Description of the contributions and their interconnections

The contributions in this thesis are interconnected, building on each other to address the
overarching goal of understanding, amplifying and using agency across different scales and
sectors for realizing the energy transition. By integrating interdisciplinary and transdisciplinary
perspectives and approaches, the contributions attempt to create a cohesive narrative that spans
theoretical analyses, contextual insights, and practical applications across different temporal,
geographical, and sectoral dimensions.

The first contribution provides a historical perspective on individual and collective agency,
exploring how social movements have driven large-scale transformations. By examining how
these actions have influenced policies, challenged entrenched interests, and influenced social
norms, this contribution sets the theoretical foundation for understanding the potential of
individual and collective agency in realizing large-scale transformations, which the ongoing
energy transition is regarded to be.

The second contribution builds on these findings by analyzing individual and collective agency
across technical systems (individual and collective heating systems). It highlights how
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technical system designs shape individual and collective agency, decision-making capabilities
and justice manifestations, emphasizing the role of equity and fairness in achieving just energy
transitions. At the same time, this contribution outlines how technical systems may be
influenced by the individual and collective agency households have.

The third contribution examines agency within the electricity sector by focusing on the visions
of stakeholders who are traditionally perceived as operating within a top-down framework,
including system operators, policymakers, and energy companies. Using the socio-technical
imaginaries (STI) framework, this study investigates how these actors, as individuals within
institutional structures, influence and are influenced by their personal perspectives and
professional roles. The paper highlights that, while these stakeholders are often viewed as
representatives of system-wide structures, they are also individuals whose visions and
decisions may shape, and be shaped by, their contexts and institutions.

Explaining the ENCLUDE Academy for Energy Citizen Leadership, the fourth contribution
transitions from systemic analyses to actionable capacity-building. This contribution
operationalizes the insights from the earlier studies by providing training and resources to
empower citizens and local leaders to take active roles in the energy transition. It demonstrates
how bottom-up approaches can be scaled to foster leadership and collaboration across diverse
contexts, contributing to a more inclusive and participatory transition.

The fifth and final contribution focuses on community-level initiatives, demonstrating how
participatory frameworks and local knowledge-sharing can empower communities to co-create
energy solutions. This contribution ties together insights from previous studies, illustrating how
collective agency, when supported by transdisciplinary approaches, can align technical
feasibility with local priorities and needs. The interconnections between the contributions are
outlined in the following figure 3-1.
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Figure 3-1: Connection between the contributions
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Contribution 1: Collective action lessons for the energy transition

This study serves as the groundwork for the thesis, examining historical cases of collective
actions and their capacity to drive large-scale societal change. The energy transition is framed
as a process of systemic transformation requiring shifts across technical systems (electricity,
heat, transport), social practices, consumption behaviors, policy frameworks, economic and
institutional dimensions. This contribution establishes the importance of citizen engagement in
enabling such transformations by examining historical examples of collective actions that
successfully challenged entrenched interests and reshaped social norms to bring change.

Using qualitative analysis, this study applies the Social-Ecological Systems (SES) framework
to analyze case studies of past social movements. By identifying key factors that enabled these
movements to achieve their objectives, it draws parallels to the conditions necessary for a
successful energy transition. The methodological approach includes a review of historical cases
to adapt the SES framework, after which the adapted framework was applied on two case
studies to better understand how collective actions may influence policy and social behaviors.

This contribution addresses the overarching goal of the thesis by highlighting the
transformative potential of collective action and the associated agency. It provides a theoretical
foundation for understanding how citizens, through collective actions, can disrupt power
structures and influence systemic change, offering insights into the mechanisms that can
amplify agency and drive the energy transition. On the other hand, the study points to the role
of political leadership in facilitating large-scale change through institutional and policy
interventions.

The motivation for this study stems from the recognition that history may offer valuable lessons
for the ongoing energy transition, particularly through examples of collective action that have
successfully driven large-scale societal transformations in the past. These historical insights
may provide guidance for addressing current challenges of the energy transition, such as
overcoming entrenched business and political interests that often act as barriers to change, or
ways in influencing social norms. Specifically, the study attempted to explore the role and
agency of different types of leadership and the potential of organized citizen groups in shaping
social norms and challenging established institutional powers. The motivation for this study is
also informed by my personal experiences, including witnessing the impactful work of NGOs
and citizen groups in North Macedonia as they mobilized against energy projects that
threatened the environment, demonstrating the power of collective action in resisting
developments perceived as unjust or environmentally harmful.

Contribution 2: Energy Justice and Decision-Making in Heating Systems
This study explores the concept of agency within the context of individual and collective

heating systems, focusing on how system design affects households’ energy decision-making
capabilities and justice outcomes. By examining the interplay between technical systems,
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governance structures, justice principles and capabilities, the contribution highlights how the
heating transition can be shaped to ensure fairness and inclusivity.

The research adopts a mixed-methods approach, integrating a literature review with interviews,
to understand the different types of heating systems and to evaluate how energy justice is
manifested across them, and what are the energy decision-making capabilities associated with
these systems. The study draws on the energy justice framework by Sovacool and Dworkin
(2015) and the capability approach (CA) to assess how individual and collective systems
influence household agency and how can households use their agency to influence the heating
systems.

This contribution directly addresses the overarching goal by demonstrating how system design
can enable or constrain individual or household level agency. It highlights the need for
governance structures that balance autonomy with collective benefits, providing actionable
insights into how justice-oriented frameworks can guide the heat transition while amplifying
the agency of diverse actors.

The primary motivation for this study was to connect technical aspects with social science
perspectives in the context of one segment of the energy transition - the heating sector. This
focus arises from the unique challenges of this sector that extend beyond installing power or
heat-producing technologies. These challenges are also related to the aging building stock, the
landlord-tenant dilemma, and the distribution of district heating systems across Europe, to
name a few. Also, personal experiences with district heating system billing in Switzerland and
North Macedonia, where households are charged based on the average collective building
consumption per square meter, provided additional motivations for this study. This billing
arrangement effectively undermines individual incentives for efficient consumption behaviors,
highlighting the impact of technical infrastructures that limit citizen actions. Such limitations
are also evident through the inability of households, in some contexts, to change heating
technologies or heat suppliers. These factors collectively drove the direction of this study.

Contribution 3: Stakeholder Visions and Agency in the Electricity Sector

This contribution examines the alignment of stakeholder visions and the agency of institutional
actors in the electricity transition, focusing on the role and agency of system operators, both
Transmission System Operators (TSO) and Distribution System Operators (DSO) for the
transformation of Switzerland’s electricity sector. Using the socio-technical imaginaries (STI)
concept, the study investigates what are the shared visions among system operators,
policymakers, and energy companies, and locates misalignments that may signal potential
barriers for the transition.

The research employs semi-structured interviews and document analysis to capture the
perspectives and priorities of key stakeholders in the Swiss electricity sector. These insights
are used to understand the alignment or misalignment of visions and identify how such
alignments may improve the pace of the transition. The study focuses on systemic barriers,
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such as institutional inertia, lack of resources, and transforming roles, that may impede progress
towards reaching the country’s national climate and energy goals.

By highlighting the importance of shared visions and the agency of system operators that are
often overlooked in research, this contribution advances the overarching goal by demonstrating
the importance of coordinated efforts across stakeholders with different roles and
responsibilities within a sector, to drive large-scale systemic changes. This contribution offers
practical insights into how aligning technical, social, and institutional perspectives can
accelerate the energy transition through pinpointing barriers and removing them in a timely
manner.

Similarly to the previous contribution, the motivation was to focus on a different aspect of the
energy transition in a country with peculiar characteristics - the electricity sector transition of
Switzerland. This focus emerged primarily from recognizing the complexity posed by the large
number of DSOs in the country and the unique way this decentralized system operates. Coupled
with the country's direct democracy and federalist structure, which led to the decision to phase
out nuclear power, Switzerland faces a distinct set of energy transition challenges. Additionally,
a new energy law that permits both new and existing energy cooperatives to trade with other
grid-connected entities may further complicate the grid operations tasked to system operators.
From an operational point of view, these aspects present significant challenges for the
numerous DSOs as well as for the single Transmission System Operator (TSO), Swissgrid,
which further drove the motivation behind this study.

Contribution 4: ENCLUDE Academy for Energy Citizen Leadership

This contribution outlines the development and implementation of the ENCLUDE Academy, a
transdisciplinary initiative designed to empower citizens and local leaders to take active roles
in the energy transition. By providing training, resources, and a collaborative platform, the
Academy aimed to operationalize the concept of energy citizenship and build capacity for
bottom-up action. This contribution takes the form of a deliverable of the ENCLUDE project
which I co-authored.

The development and implementation of the online ENCLUDE Academy was a collaborative
effort, led by my supervisor BinBin J. Pearce, with contributions from all ENCLUDE project
partners. The Academy was designed by integrating energy engineering insights with design
thinking principles to enable creative, actionable solutions for the energy transition.
Participants engaged in peer-learning activities and received mentorship from experts, ensuring
the program addressed their specific needs and contextual challenges. Over six months,
participants followed the design thinking methodology, progressing through stages of defining
problems, ideating solutions, and prototyping their ideas, culminating in presentations of their
solutions at the conclusion of the Academy.

This contribution directly supports the overarching goal by illustrating how capacity-building
initiatives can amplify and utilize individual agency and mobilize citizen-led actions. It
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demonstrates the potential for transdisciplinary work to connect global climate objectives with
local community needs, contributing to an inclusive and participatory energy transition.

While developing the ENCLUDE Academy was part of my project responsibilities, I was
personally motivated by a desire to simplify and effectively communicate engineering concepts
related to the energy transition. I wanted to showcase how these concepts could be applied to
real-world challenges while simultaneously learning about the diverse obstacles people face in
different contexts. This dual motivation, to share knowledge and gain insights, underscores my
goal of helping to create a program that was both impactful and inclusive.

Contribution 5: Engineering community resilience

The final contribution focuses on community-driven energy initiatives, highlighting the role of
td facilitators in developing projects through joint problem framing and co-creation workshops
together with local communities. Outlining the work done in a rural community in North
Macedonia, the study showcases how transdisciplinary facilitation can contribute to aligning
technical feasibility with local needs and priorities, ensuring social acceptability and legitimacy
of the technical solutions.

The research used a mixed-methods approach including field research, workshops for joint
problem framing and ideating and co-creating solutions, semi-structured interviews to explore
the needs and the dynamics within the community, and energy modelling as a final step in
developing the technical solutions. A transdisciplinary approach is central to this study, with
the researcher acting as a facilitator to bridge technical expertise and local knowledge. The
study demonstrates how collective agency can be mobilized to create energy systems and
improve community resilience.

The format of this contribution, which is shorter than usual research papers, with condensed
insights and a significant emphasis on reflection, was shaped by the specific requirements of
the conference proceedings. Despite this condensed format, the work underwent a peer-review
process prior to its acceptance for publication, ensuring its academic rigor and relevance.

This contribution addresses the overarching goal by operationalizing the insights from earlier
studies in a local context. It illustrates how collective agency, supported by participatory
processes and transdisciplinary facilitation, can enable communities to take ownership of the
energy transition and contribute to systemic change from the ground up.

However, neither the work behind this contribution nor the contribution as an output itself were
planned to be an official part of my doctoral research. Instead, they emerged throughout my
doctoral journey. My motivation to do the work stemmed from a strong desire to apply the
knowledge I gained throughout my research to my home country, North Macedonia. At the
time, no energy communities nor policy related to energy communities existed in the country,
and I was driven to help establish one, drawing on insights into the drivers and barriers faced
by energy communities across Europe. In doing so, I challenged a key element (which I
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consider to be a limitation) of the currently defined Citizen Energy Communities (CEC) and
Renewable Energy Communities (REC), which stipulate that they should not be driven by
financial profits. Instead, I intentionally designed a technical solution that would ensure
financial benefits for the community. These profits could then be reinvested into further
community development projects, such as expanding solar PV installations, implementing
energy-efficient technologies, improving building insulation to reduce energy consumption,
and modernizing the local electricity grid.

This initiative contributed to enhancing community resilience across multiple dimensions.
Financially, the energy community generates financial inflows from selling excess electricity
to the market, providing a sustainable source of income. Socially, the community benefits from
the availability of a year-round social center for various activities, fostering stronger social ties.
Before the energy community was set up, this social center was rarely used in late autumn,
winter, and early spring, due to the high heating costs. Environmentally, the transition to
renewable energy reduced reliance on carbon-intensive technologies, decreasing the
community’s carbon footprint. Additionally, the use of renewable energy and highly efficient
technologies eliminated indoor pollution from biomass use, resulting in significant health
benefits for the community members.

Furthermore, as rural regions in North Macedonia face significant challenges due to rural flight,
where people migrate to urban areas in search of opportunities, further exacerbating the gap
between urban and rural development, I saw this project as an ideal opportunity to contribute
to rural development by reinvesting financial profits into the community, thereby creating new
opportunities and incentives for residents to remain. At the time of writing this section, I am
proud to report that dozens of communities across the country have expressed their interest in
replicating this model to achieve similar benefits. This positive response shows the potential of
such initiatives to inspire broader, community-driven efforts to address both environmental and
socio-economic challenges. My future work will continue to focus on the expansion and uptake
of these communities across the country. The next step is to attempt to provide institutional
support, through supportive policies as well as one-stop-shops for streamlining and simplifying
the process of setting up bottom-up citizen initiatives.

3.4. Lessons learned: Reflecting on doing inter- and transdisciplinary research

Reflecting on the experience of doing interdisciplinary work, I found it both rewarding and
challenging. Bringing together insights from engineering and social sciences required me to
step out of my comfort zone, adapt to new terminologies, methodologies, and ways of thinking.
This process significantly broadened my understanding of the energy transition as a socio-
technical process, emphasizing the interplay between technical systems and societal dynamics.
However, it also highlighted fundamental differences between disciplines, particularly in how
they approach concepts and definitions. Engineering, which is my primary background, relies
on precision, standardization, and well-defined and universally accepted terms to ensure clarity
and reproducibility. This universality enables technical systems to function effectively, as they
are grounded in the immutable laws of physics, natural sciences, and engineering standards,
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leaving no room for interpretation or ambiguity in their operation. In contrast, I have found that
social sciences often operate in a realm where concepts are dependent on the context and may
be open to interpretation. Navigating this was very challenging in the beginning of my doctoral
research, as I had to balance specificity with flexibility required to capture the complexity of
social phenomena within technical systems. This sometimes led to tensions in ensuring that my
work remained accessible and relevant while avoiding oversimplification or over-
complication. This challenge continues to be a significant aspect of my work, pushing me to
constantly refine my ability to bridge these disciplinary differences.

Reflecting on the experience of doing td research on the other hand, I encountered several
challenges throughout the process. One challenge was navigating the diverse disciplinary
perspectives and values. Working with partners from different cultural, professional, and
disciplinary backgrounds required balancing priorities, expectations and communication styles
to achieve the set goal, challenges that I encountered in my work for the ENCLUDE Academy.
Another challenge was to manage the complexity and unpredictability of the participatory
processes in my work for the energy community in North Macedonia.

Time constraints also posed difficulties, as stakeholder engagement and co-creation require
significant investment in trust-building and communication, efforts that can be difficult to
manage with tight project timelines. This was evident in the ENCLUDE Academy, where we
worked with tight schedules to create and deliver content, based on the learnings from the
previous sessions. Also, trust-building was crucial for the success of the energy community —
as an outsider of that community, I had to spend significant time in building trust with the
representatives of the community, so that I can gain access to all members of the community.

Furthermore, I faced the challenge of integrating technical and local knowledge in ways that
respected both the rigor of engineering frameworks in ensuring systems’ operation and the lived
experiences of community members. Positioning myself between two different disciplinary
fields — social sciences and engineering, while adopting td practices to integrate insights from
different stakeholders outside of academia, I often felt like I do not belong to any of the fields.
Despite trusting that my work is important and will have a certain impact, I sometimes found
it hard to explain to different audiences, including within and outside of academia, why the td
approach is valuable. The lesson I learned, both in doing the work in the energy community
and later presenting it at different conferences and audiences, is that actions and results speak
louder than words. Instead of explaining what td is and why it may be important, I focused on
demonstrating its value through tangible outcomes and real-world impacts.

This shift in focus, from justifying the methodology to highlighting the outcomes achieved,
helped bridge the gap between disciplines and audiences. It allowed me to connect with
stakeholders on a more practical and relatable level, emphasizing what td research can achieve
rather than describing its theoretical underpinnings. Through this process, I came to appreciate
the value of transdisciplinary work in its ability to drive meaningful, context-specific change,
fostering trust and collaboration among diverse actors in the energy transition.
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Lastly, one of the greatest lessons I learned in doing inter- and transdisciplinary work is the
importance of having a culture of openness and reflection. Td brings together diverse
epistemologies, values, and worldviews, both from within academia and beyond. As someone
with a background in engineering that has engaged mostly with social sciences for conducting
this research, I found it essential to question my own assumptions and biases while remaining
curious and open to perspectives that challenged my way of thinking. This process was not
always comfortable, but it was transformative. It taught me that successful collaboration and
obtaining deeper relevant insights starts with humility and a willingness to learn from others,
even when their approaches seem unfamiliar or counterintuitive. This was particularly relevant
for me at the start of the doctoral research, where I struggled to fully understand the benefit of
and the ways to incorporate other disciplines and approaches in my research.
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Collective Action Lessons for the Energy Transition:
Learning from Social Movements of the Past

Abstract

To accelerate the energy transition and achieve the needed large-scale transformation to address
climate change, different barriers including lock-ins and path dependencies, incumbent power
structures and changing individual and collective norms, values, and behaviors around energy
need to be addressed. In the face of these challenges, citizens are beginning to play a bigger
role in the transformation of the energy system. For example, they are becoming prosumers
(energy consumers who also produce energy) and are increasingly engaging in collective
energy actions, including taking part in energy communities. In the latter instance, collective
investment and consumption decisions are made together, and norms, understanding and
behavior towards energy are shaped collectively.

To better understand the roles that individuals and groups can play in confronting the challenges
of the energy transition, we make use of and adapt Ostrom’s Socio-Ecological Systems (SES)
framework to analyze past examples of collective actions and to delve deeper into the causes
and catalysts of collective actions. We show how this framework can be used to analyze
collective actions across time and contexts, focusing on connecting individual and group
behavior with changing societal norms and the corresponding barriers to change.

By applying the adapted SES framework as a lens to analyze historical examples of collective
actions that have resulted in a widespread transformation in social norms and structures, we
identify similarities and differences between these case studies and the current energy
transition. Confronting incumbents and the challenge of changing social norms and behaviors
are among the similarities, but the specific tactics used to limit incumbents’ powers and the
actions taken to influence the norms and behaviors differ. Lastly, we determine the key actors
that influenced social and behavioral change, as one of the main outcomes of the analysis.

Keywords: energy transition, collective actions, barriers, large-scale behavioral change,
societal transformation, social-ecological systems
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4.1.1. Introduction

The energy transition is driven by the growing global threat of climate change. Reacting to the
current climate change-related events, governments are taking proactive steps to safe-proof
societies from future threats and make their countries more resilient. Accelerating the energy
transition is seen as a means for decreasing future climate change-related risks (Thomas et al.,
2022; Gielen et al., 2019; Creutzig et al., 2014). However, the energy transition will entail
large-scale transformations across different societal systems that will go beyond the adoption
of renewable energy technologies and will force governments to confront the implementation
gap between top-down policies and bottom-up actions. To successfully grasp the complexities
and provide insight in the on-going energy transition, there is a need for a diversity of
disciplinary approaches (Cherp et al., 2018). This diversity will also help in determining the
variety of barriers for the energy transition, including lock-ins and path dependencies
(Nordensvird and Urban, 2015) and incumbent sources of power (Matschoss and Heiskanen,
2018), to name a few.

Due to technological innovations, new decentralized forms of energy production and
governance started to appear. These new forms are backed by legislation that fosters citizen
engagement in the electricity system. In Europe, the Renewable Energy Directive (REDII) and
the Electricity Market Directive (EMD) are the legal frameworks that support Citizen Energy
Communities (CECs) and Renewable Energy Communities (RECs) (Bielig et al., 2022). The
new decentralized forms ultimately empower new, local actors, who directly oppose the
established modus operandi and those who benefit most from the status quo (Blanchet, 2015).
In line with this empowerment, the concepts of energy democracy and energy citizenship take
center-stage. Both concepts are closely linked to the energy transition research. Energy
citizenship for example, focuses on ensuring different manifestations of active forms of
participation within energy systems (Dunphy and Lennon, 2022).

Increasingly, individual consumers are expected to play a greater part in the energy system,
taking an active role in producing and consuming energy instead of keeping the passive role
they have in the current system (Wahlund and Palm, 2022). The role of an active prosumer
(individuals being able to produce and consume energy) is increasingly visible, but their
number and influence on reorganizing and restructuring the energy system to support the
energy transition is still limited. In addition to adhering to this prosumerism, individuals may
take on yet more active roles, by forming energy communities as well as other forms of
collective actions within the energy system (Shortall et al., 2022). As promising models to
implement the energy transition, these collective energy actions are becoming more popular,
gaining both public and policy support (Bauwens et al., 2022). They are regarded as grassroots
innovations that increase the uptake of new technologies such as renewable energy
technologies (Korjonen-Kuusipuro et al., 2017) and serve as a “more inclusive form of strategic
green niche development beyond the conventional scope of formal policies and markets”
(Sengers et al., 2019).
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Considering the new forms of citizen-led activities in the energy transition, understanding the
role and impact that individuals and collectives may play for realizing the energy transition is
imperative. For this reason, the main goal of this paper is to provide a better understanding of
the role of collective actions in creating a social tipping point towards changing individual and
collective norms, values, beliefs, and behaviors along with a potential to influence and change
political systems, economic structures, institutions, and power relations by turning to historical
cases of collective actions. As the energy transition is currently underway, past examples of
systemic change may offer rich material and insights. Thus, we ask how learnings from past
examples of collective actions might lead to better understanding of the current challenges of
the energy transition. To reach the goal, this paper will attempt to answer the following
question: how can we pinpoint key factors of past collective actions that have led to large-scale
transformation, requiring changes in individual and collective norms, behavior, institutional
and policy change? Based on these insights, we will discuss the implications of these past
collective actions to support the current energy transition.

The outline of the paper is as follows. In the literature review part, in Section 2.1, we start by
positioning this research in relation to existing literature about the social dimension of the
energy transition. In Section 2.2, we provide an overview of the energy democracy and
citizenship concepts, along with a bottom-up perspective of citizen participation in the energy
transition. In Section 2.3 we connect the effects of bottom-up activities and top-down
legislation changes through the concept of social tipping points and the associated mechanisms
of change. To understand the role of individuals and collective actions in initiating and bringing
about large-scale transformation by analyzing past examples, in Section 3, we adapt the well-
known interdisciplinary Social-Ecological Systems (SES) framework. We explain the
methodology in Section 4 and present the results in Section 5. In Section 6 we make
connections between the findings from the past collective action cases and the barriers of the
current energy transition. We outline the limitations of this research in Section 7, and we
conclude in Section 8.

4.1.2. Literature review
4.1.2.1. Complexities of and barriers to the energy transition

To understand the complexities of large-scale transformations, we consider transition research
as a field of study that focuses on the process of change of complex societal systems from one
state to another. One of the most prominent theories relating to the socio-technical perspective
in understanding these changes is the multi-level perspective (MLP) (Geels, 2002). MLP details
the interplay between regime structures, niches as protected spaces for innovation and the
landscape exerting pressure on the regime structures and niches over time. Another perspective
that positions technological innovations as drivers for transitions is the Technological
Innovations Systems (TIS) framework, proposed by Bergek et al. (2008). Both MLP and TIS
focus strongly on the technological aspects of transitions with the issues of power and agency
in the background. To complement this approach, Loorbach et al. (2017) have defined the
socio-institutional transition approach as a way to “identify the institutionalized cultures,

26



structures, and practices as regimes in which transitional change takes place”. This approach
places a greater emphasis on issues of power, politics and the public’s acceptance of the related
issues at hand (Fraune and Knodt, 2018) and thus enables the exploration of the role of agency,
governance, and power associated with incumbents.

When discussing the energy transition as a large-scale societal change, we refer to the “radical,
structural change of a societal (sub)system that is the result of a coevolution of economic,
cultural, technological, ecological, and institutional developments at different scale levels™ as
defined by Rotmans and Loorbach (2009, p.185). In line with the complexities of large-scale
transformations, we adopt the definition by Grubler et al. (2016) when referring to the energy
transition, and we consider the transition to include the change of the state of the energy system,
rather than a change in fuel sources or technologies. In essence, the energy transition entails
multiple interrelated change processes across many regions, with varying paces and
synchronicities (Markard, 2018). Studying large-scale changes within and across (sub)systems
reveals the involvement and interaction of different actors, and the resulting changes in
institutions, technologies and values (Holtz et al., 2015). Thus, the current energy transition
has elements of both socio-technical and socio-institutional perspectives, as it represents a
large-scale, complex and multifaceted transformation that requires coordinated efforts at local,
national, and international levels.

According to Simoens et al. (2022) there are two main barriers for the energy transition. First,
the concept of ‘lock-in’ has been extensively used to describe the continuous reliance of
industrial economies on fossil fuels systems, as they are essentially locked to carbon-intensive
energy systems and technologies (Unruh, 2000). Such incumbent systems are not necessarily
better than new entrants, but they are more powerful as they are more diffused and do not face
entry costs. Therefore, “lock-in mechanisms are conceptualized as mechanisms, which
reinforce a certain pathway of economic, technological, industrial and institutional
development and can lead to path-dependency” (Klitkou et al., 2015). To successfully
counteract the consequences of these concepts, simultaneous alterations of all system levels are
needed, meaning that “one must alter technologies, political and legal regulations, economies
of scale and price signals, and social attitudes and values together” (Sovacool, 2016).

The dominating power of incumbents in retaining the current system and avoiding sunk costs
and stranded assets is seen as one of the greatest barriers of the energy transition (Geels, 2014;
Haukkala, 2015; Lockwood et al., 2020; Firdaus and Mori, 2023). Such incumbent actors
dominate the discourse around the transition and frame it around financial and technical risk
(Moss et al., 2015), influence its pace and direction and promote the ‘greening’ of the current
fossil-based system instead of radically departing away from it (Bosman et al., 2014). Turnheim
and Geels (2012) show that political, social and cultural factors play crucial roles in pressuring
incumbents, while the technical and economic pressures have a lesser effect when dealing with
this barrier. For example, market reforms and regime transformations as political pressures are
far more effective than supply and demand reduction, market contractions and cheap
alternatives as economic pressures.
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Another barrier of the energy transition is the need for changing the norms, behaviors and
understandings around the supply and use of energy. As new decentralized forms of governance
and energy production increase their presence in the system, people’s access to intermittent
renewable energy sources and associated technologies increases. This in turn relates to a need
for changing individual behaviors to ensure the technical stability and security of the energy
system in terms of supply and demand. More specifically, the presence of intermittent sources
entails changes in the way we interact with the system. Steg et al. (2015) argue for the need to
shift energy use in time to balance the demand and supply in the new system, while at the same
time investing in energy efficient buildings and appliances. Moreover, to succeed in the energy
transition, people’s perceptions and norms around energy need to change (Komendantova,
2021), as well as their choices, preferences and behaviors (Steg et al., 2018). An example of a
moral norm would be ‘to support the use of renewable energy sources as a climate change
mitigation option’ (Komendantova, 2021).

The transition literature, and the focus on issues within the energy transition as a particular
subset of this literature, takes often a top-down perspective of how large-scale change might
unfold. However, to understand the role of individuals and groups in fostering such changes, a
bottom-up perspective needs to be provided. Related with the current energy transition,
particular focus on the role of the individuals and collectives in speeding up the energy
transition needs to be provided, which is where the concepts of energy democracy and energy
citizenship come into play, as explained in the next subsection.

4.1.2.2. Energy democracy, citizenship, and (collective) citizen participation in the energy
transition

As the role of individuals and collectives in the energy transition becomes recognized and even
supported from a policy perspective such as through EU’s Renewable Energy Directive
(REDII) and the Electricity Market Directive (EMD), the relationship between the individual
and the system needs to be strongly considered and understood. The increased access to and
interactions with new technologies leads to greater citizens’ participation and representation in
the energy transition, aspects that are embedded in the concepts of energy democracy and
energy citizenship. While the latter concept relates to the concept of environmental citizenship
and broadly sees energy citizens as active rather than passive players in the energy system (van
Veelen and van der Horst, 2018), the main focus of energy democracy is “the participatory
dimensions of democratic governance, with many arguing for a need to reform how decisions
around energy are made” (ibid.). Both concepts promote the rights of individuals and groups
to be included in the energy transition in a more active way, going beyond decision-making
and including the share of benefits and obligations. However, Lennon et al. (2019) argue that
the energy citizenship as a concept is largely open to interpretation, and discussions around it
are centered on neoliberal discourses while ignoring issues of exclusion and inequality.
Moreover, the energy citizenship concept includes tensions from individualizing the energy
consumption problem, as it fails to grasp the range of social positions that the citizen consumer
has and the ends for which the energy is consumed (Lennon et al., 2020). Contrary to the
individualistic perspective of energy citizenship, the energy democracy literature focuses more
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on the collectivistic view of energy, its control and ownership (van Veelen and van der Horst,
2018). Such collectivization of control and ownership of energy entails people coming and
working together, but what would drive individuals towards such coordinated actions?

To understand individual motives for coordinated actions, we turn to collective action theories
within the social psychology stream of literature. Two theories that link personal perception
and belief to take part in collective actions are the self-efficacy and the collective efficacy
theory. Self-efficacy is an individual’s belief about their capability to do a certain task or to
execute a course of action to achieve some result (Wang and Lin, 2007). Collective efficacy is
an individual’s perception of a group’s capability to perform a certain task (Watson et al., 2001).
Furthermore, the collective (social) identity theory links individuals’ identity with groups or
communities, where collective identity is defined ‘as an individual’s cognitive, moral, and
emotional connection with a broader community, category, practice, or institution’ (Davis et
al., 2019). While the efficacy theories link people’s belief in the capability of the individual or
the group as a reason behind the collective action, the social identity theory deals with
individual’s connection and belonging to a certain group or community as the reason for the
collective action.

Turning to examples of collective actions within the energy transition, energy communities are
one such form that is organized around energy, where the community owns and/or manages the
energy technologies and/or collaborates across different energy production and consumption
practices. Other forms include grassroots associations, community energy initiatives, collective
renewable energy prosumers, or citizen energy communities (Lupi et al., 2021). Additionally,
protests and movements geared towards promoting or opposing energy projects can also be
regarded as collective energy initiatives.

In essence, energy communities promote “cleaner and more sustainable electricity, energy
autonomy and self-sufficiency, economizing own energy production and consumption,
participating in the electricity market as a group, and revitalizing local economy” (Gui and
MacGill, 2018). Moreover, energy communities as collective citizen actions geared towards
supporting the energy transition are formally recognized as strategic assets by European
institutions, introduced under the Clean Energy Package (Boulanger et al., 2021).

On the one hand, top-down policy changes have been considered crucial for the energy
transition. On the other hand, bottom-up activities organized around a common goal have been
recognized as indispensable assets that will speed up the ongoing energy transition. The
combined effects of these two approaches yield the concept of social tipping points, as
discussed in the next subsection.

4.1.2.3. Social tipping points and diffusers of change
Participation in energy communities entails a shift in the way people interact with the energy

system as well as with each other. This leads to individual and collective changes around
energy. Since the need for changing individual and collective norms and behaviors around
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energy is regarded as a barrier to the energy transition, we aim to explore the mechanisms
behind such changes. For that reason, we consider the concept of social tipping points, which
we broadly define as the results of the collective agency that citizens have when undertaking
coordinated activities. We consider tipping points to be “points in dynamic systems, where a
small change in the underlying elements or actors’ behavior triggers an abrupt irreversible
change in the social system of which outcome may be both negative and positive” (Juhola et
al., 2022). Winkelmann et al. (2022) argue that “a social tipping element is a social system in
which small changes in the system or its environment can lead to macroscopic changes”.
Compared to climate/ecosystem tipping points which have been long discussed in the literature
(Lenton, 2011; Dakos et al., 2019), social tipping points differ in terms of the agency present,
the mechanisms of change, the temporal and spatial scales in which it occurs, and the
complexity of interaction between the natural and the social systems (Winkelmann et al., 2022).
The work by Otto et al. (2020) showed that in certain regions, a combination of different actors
(including civic organizations and NGOs) is key in influencing the social situation and bringing
it towards the tipping status, while Nyborg et al. (2016) argue for the need of diffusers
(connected people in a social network) to spread a norm change to reach the tipping point.

Building on the role of initiators and diffusers to reach the tipping point, concepts from the
management and organization sciences might provide insight into how behavior and norm
changing activities within social networks can be initiated and steered. In particular, the quality
and type of leadership has been identified as being imperative for overcoming initial barriers
of change, along with addressing the resistances on the way of reaching the goals. One of the
forms of leadership is called collective leadership, which can be defined as “a dynamic
leadership process in which a defined leader, or set of leaders, selectively utilize skills and
expertise within a network, effectively distributing elements of the leadership role as the
situation or problem at hand requires” (Friedrich et al., 2009). Contrary to this leadership form
is positional leadership, in which the leadership power is related with the power vested in the
position (Grint, 2005). This is most often seen in the political power that elected officials have
as part of some governmental or public institution.

In this paper, we understand social tipping points to go beyond changing individual and
collective norms, values and behaviors to include institutionalization of these changes for a
tipping point to be reached in full. For that reason, when referring to social tipping points, we
follow Juhola et al. (2022) definition of a social tipping point to be “a social process that
involves drastic changes in both individual and collective behaviors, as well as in institutional
settings. The latter can include changes in governance, legal and economic arrangements, as
well as long-term effects on social norms and values”.

4.1.3. Analytical Framework: The SES Framework
To understand the role of individuals and collective actions in initiating and bringing about
large-scale transformation, we use a framework that recognizes individuals and groups norms

and behaviors, the role of leadership and governmental and non-governmental organizations as
stakeholders in addressing the challenges, while situating the issue within a context described
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by political, social and economic factors. The chosen framework should also make use of
theories from diverse fields of thought in order to collect a holistic selection of variables
influencing individual and group behavior to better understand ‘how’ and ‘why’ different
collective actions unfold in a given context.

We use Ostrom’s Socio-Ecological Systems (SES) framework (Ostrom, 2009a) as a starting
point. The SES framework builds on the Institutional Analysis and Development (IAD)
framework (Ostrom, 1990) as a means of understanding and comparing different instances in
which actions or changes in action by actors lead to certain outcomes. Originally focusing on
the governance and management of common pool resources across the world, Kiser and
Ostrom (1982) mapped the structure and dynamics of existing institutions formed around such
resources. The IAD framework considers an institution as “a widely understood rule, norm, or
strategy that creates incentives for behavior in repetitive situations” (Crawford and Ostrom,
1995) and has been extensively applied for studying the collaboration and organization of
people in managing common pool resources (Imperial and Yandle, 2005; Andersson, 2006;
Brodrechtova et al., 2018; MacKenzie and Gibbons, 2019). The IAD framework analyzes the
social spaces where individuals interact (‘action situations’) and links it to the outcome of this
behavior based on a set of evaluation criteria specific to each context (Ostrom, 2011). This
framework has been widely adopted by many social scientists to understand the effects of
alternative institutional arrangements and rules on the outcomes of the collective management
of natural resources (Cole et al., 2019).

The SES framework elaborates the set of the contextual variables from the IAD framework and
allows a macro situational perspective to the analysis of action situations. This offers a means
of linking more elaborated contextual variables with how actors interact with each other and to
policy processes at various scales (McGinnis and Ostrom, 2014). The SES framework has not
only been used only for understanding the linkages between human and natural systems, but
also for analyzing the human-technical systems relations (McGinnis and Ostrom, 2014;
Ostrom, 2011), specifically also in the context of community energy systems (Acosta et al.,
2018).

An application of the SES framework for analyzing national energy transitions has been
completed by Cherp et al. (2018). While the authors use the SES framework and other
frameworks to build a new theoretical framework, our approach differs, as we apply the SES
framework as a standalone lens that we link to the energy transition stream of literature, to
provide a complementary approach in understanding the role of individuals and groups in
bringing changes within a specific context and address the barriers of the transition.

Within the original SES framework, there are four interconnected subsystems that make the
core part of the framework. The ‘resource systems (RS)’ part contains variables such as the
size, location, and productivity of the system, along with the sector to which the system belongs
(e.g., a protected natural area). The ‘governance systems (GS)’ includes the government and
non-government organizations, along with the network structure and the monitoring and
sanctioning processes. The ‘resource units (RU)’ subsystem includes the number of units, the
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growth or replacement rate, as well as the economic value (e.g., number of trees, plants,
wildlife, amount of water in the protected natural area). Finally, the ‘users (U)’ subsystem
includes, among other variables, the number of users, their socioeconomic attributes and the
established norms and social capital. These four subsystems interact leading to outcomes and
are also connected with the contextual or the macro environmental ‘political, social, and
economic settings (S)’. Lastly, the entire system in which the collective action takes place is
linked with other systems, defined in the original SES framework as ‘related ecosystems
(ECOY’.

The original SES framework, despite being extensive in terms of the variables found across the
subsystems that enable for the complexities of evolving systems to be grasped, lacks a category
of outcomes that refer to policy and individual/group norms and behaviors change as part of
the social tipping point. Also, the original framework includes variables that go beyond the
scope of this paper and do not offer any insight into the role of individuals and groups in
addressing the specific barriers faced in the transition, including lock-ins, path dependencies,
incumbent power structures, and established norms and behaviors. Therefore, an adapted
version of the SES framework is needed for the complexities of the energy transition to be
grasped. This adapted version will serve as an analytical lens that will be applied to historical
cases of collective actions to extract insight for the ongoing transition, as we believe that past
examples may offer rich insights and provide better understanding of the current challenges of
the energy transition. The development of this framework is explained in the next section.

4.1.4. Methodology

The approach taken to analyze and learn from past collective actions by using an adapted SES
framework is twofold. The first step includes the adaptation of the original SES framework.
This is done by analyzing different historical cases of collective action to extract relevant
information that will be used to adapt the framework. The second step includes the testing of
the adapted SES framework on cases that were not considered in the first step, to learn and
relate the lessons from the historical collective action instances to the current energy transition.
The two steps of the methodology are explained in greater detail below.

The first step includes a selection of subsystems and variables from the original framework that
are present in different historical examples of collective actions. An in-depth analysis of these
examples that resulted in changing individual and collective behaviors as well as social and
individual norms was performed. In addition to the contextual factors (political, economic,
social, technological and environmental) in which the collective actions took place, we also
considered the method of organization, the actions and tactics used, the outcome and impacts
of the collective actions, as well as the leadership position found across the case studies. The
adaptation was based on detailed analysis of past collective actions out of which relevant
information for adapting the SES framework was extracted. On the one hand, the adaptation
included the selection of variables from the original SES framework that were present across
the case studies. On the other hand, important variables that were not present in the original
SES framework were identified and added to the adapted version of the SES framework.
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The analysis focused on 22 collective actions and social movements in the US, all part of the
‘Collective Action for Social Change’ book by Schutz and Sandy (2011). The book was chosen
as it serves as a repository of historical case studies of collective actions centered across
different goals. From actions geared towards justice and equality elements such as the
American Civil Rights movement, women’s suffrage and gay rights movements as well as
different forms of labor actions to anti-war collective actions, this book offers a simplified
overview of the ‘moments of social action that seem to best exemplify the range of social action
strategies visible in the twentieth century’ (Schutz and Sandy, 2011, p.47). Using historical
examples to extract lessons for the energy transition is justified as most, if not all, of the
analyzed case studies offer insight in dealing with vested interests, power imbalances and
changing individual and group norms and behaviors. Moreover, the variety of case studies offer
different mobilization tactics and approaches when it comes to individual and collective actions
that may be directly applicable in the current energy transition.

The 22 case studies found within the book relate only to the American context and provide a
condensed overview of collective actions across one century. The description of the case
studies’ complexities is often downplayed as the authors focus their efforts more to “highlight
particular tactics and strategies” (Schutz and Sandy, 2011, p.47). Indeed, the American-specific
context and the authors’ approach in analyzing the case studies serve as limiting factors when
it comes to the adaptation of the SES framework. Extracting insights from a single source that
focuses on a single context has a direct influence on the selection of the variables, as it relies
on the lens and approach utilized by Schutz and Sandy (2011). However, we believe that the
variety of case studies in terms of scale, scope, duration and goals serve as counterweight to
the drawbacks of this approach.

While the first step of the research approach includes the selection of the subsystems and
variables from the original SES framework that are present in different historical examples of
collective actions that resulted in changing individual and collective behaviors as well as social
and individual norms, the second step is to test the applicability and implementation of the
adapted SES framework by applying it to additional case studies, meaning that the new case
studies are not related with the book by Schutz and Sandy (2011). The additional case studies
were selected because they come from different regions, but they share the same outcome —
both cases represent historical examples of collective actions that resulted in large-scale social
and societal changes, with a specific aim on the role of individuals and groups in driving that
change.

Moreover, despite not being concerned with the energy system, these additional case studies
were selected as they share features of the current energy transition, since they involve the need
for addressing existing power structures and examples of changing individual and group norms
and behaviors. Also, they include the need for changing individual and social norms, behaviors,
and understandings, as well as changing current legislation to create widespread societal
change.
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We set out to find and analyze case studies that succeeded in reaching their initial aims. We
aimed at selecting case studies that differ in the time period, the context, and the stakeholders
involved in the collective actions. We did the analysis by following the comparative case study
approach as a suitable method that “explores similarities revealed in different situations or
cases sharing some common element(s) while differing in others” (Knight, 2001). The
comparative case study approach relied on different studies and press releases as well as
published data from both government and non-government organizations.

While the first case study is a well-documented global example, the second case study has
limited available peer-reviewed materials. For the well-documented example, a review of
existing literature and official documents was undertaken. This method ensured a
comprehensive analysis by drawing on established sources and scholarly insights. In contrast,
for the case with limited materials, along with utilizing published data and press releases from
governmental and non-governmental organizations, the approach also relied on one of the
author's firsthand experience and knowledge of the issues in question. Given the scarcity of
available materials, the researcher's direct insights became paramount and played a crucial role
in providing depth and context to the analysis. By leveraging these diverse approaches, the
reporting on each case is tailored to its unique circumstances, contributing to the robustness of
the SES framework’s application in the absence of abundant source materials.

4.1.5. Results

4.1.5.1. The Adapted SES Framework

After analyzing the 22 past collective actions found in the book by Schutz and Sandy (2011),
the most relevant variables of the case studies were matched with the corresponding variables
in the SES framework. The adapted version of the original SES framework excludes the
subsystems ‘resource system (RS)’ and ‘related ecosystems (ECO)’ as their variables do not
match the corresponding variables from the case studies. These two subsystems are strongly
grounded in ecology, with variables including sector (e.g., water, forest, pasture), equilibrium
properties, or climate and pollution patterns, making them irrelevant to this study. However,
the ‘social, economic and political settings (S)’ and the ‘outcomes (O)’ subsystems were
modified to better reflect the results of the analysis. While government policies and market
incentives were selected as the only variables for the first subsystem, legislative/policy change
and norms/behavior were added in the ‘outcomes (O)’ subsystem, as the original SES
framework lacked these outcome variables. Across the other subsystems, variables from the
original framework were selected, and no new variables were added. For example, from the
‘resource units (RU)’ subsystem that includes, among other variables, the number of units, the
growth or replacement rate, as well as the economic value of the units (e.g., number of trees,
plants, wildlife, amount of water in the protected natural area), only the economic value was
selected. The variables and subsystems of the adapted SES framework are presented in table
4-1.
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Table 4-1: The adapted SES framework

Variable found in the

Subsystems Variables original SES
framework
Social, economic, and political Government policies Yes
settings (S) Market incentives Yes
Resource unit (RU) Economic value Yes
Government organizations Yes
Governance systems (GS) g —
Non-government organizations Yes
Leadership Yes
r -
Users (U) Norms/behaviors Yes
Information sharing Yes
Interactions (1) Lobbying activities Yes
Self-organizing activities Yes
Legislative/policy change No
Outcomes (O -
©) Norms/behavior change No

4.1.5.2. Analyzing Collective Actions for Social and Societal Transformation

To extract lessons from past collective actions, we implemented the adapted SES framework
to two additional historical case studies of collective action that led to transformative change.
The first case study details the complex relations between the tobacco industry and the different
citizen-led and NGO actions and tactics, taking place over several decades throughout the 20th
century in the United States. The introduction of legislation that limited tobacco industry’s
power is an outcome of the decades-long societal struggle in which “positional leaders’ had a
crucial contribution. The second case study focuses on the collective actions of NGOs,
communities and individuals in North Macedonia in reaction to the development of
hydropower plants. Motivated by the risks that these plants pose for natural habitats and
protected areas, citizens and citizen groups took different forms of non-violent actions to block
the planned expansion of hydropower plants in the considered areas. Despite the contextual
differences, the chosen case studies share similarities in the types of actions undertaken, as well
as in the motivation behind the collective actions, as detailed in the following sections
according to the adapted SES framework.

Social, economic, and political settings (S)

As the ‘product that defined America’ (Hall, 2007), tobacco has a long and complex history in
the US. Before being introduced in the form of cigarettes in the early 19" century, tobacco in
the US was used in the different forms including tobacco for pipes and for chewing, as well as
cigars. After their introduction to the market, cigarettes quickly gained in popularity and
became a major US tobacco product (Slade, 1989; Musk and De Klerk, 2003), with subsidized
production (Riquinho and Hennington, 2012) and made available across different selling points
with an affordable price, making tobacco consumption an interesting and easily reachable
social activity. Smoking rates soared until 1966 when the first legislation related with tobacco
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control was introduced. Aimed at placing health warnings on cigarette packs, this legislation
was introduced after the first Surgeon General’s report on smoking was published, which
outlined the dangers of smoking (Antman et al., 2014). This legislative step can be seen as the
first congressional action and the first tobacco control milestone.

The story of hydropower plants in North Macedonia revolves around the country’s
commitments to increase renewable energy production, the obligations to international banks
for renewable energy projects in the form of loans, one of the last remaining habitats of the
Balkan lynx, and different non-violent citizen actions aimed at stopping the implementation of
the projects. Located in the western part of the country, the Mavrovo National Park is home to
a great variety of flora (Papp et al., 2016) and fauna (Huemer et al., 2008) including, rare trout
species, wolves and bears. Besides being the active breeding place of the Balkan lynx, a
critically endangered species (Melovski et al., 2020), the Mavrovo National Park also has many
rivers which were considered as potential hydropower plant sites. Back in 2010, the state-
owned utility company ELEM proposed the construction of two large hydropower plants in the
national park — ‘Boshkov Most’ with annual generation of 126 GWh, and ‘Lukovo Pole’ with
annual generation of 160 GWh. The foreseen energy projects that included the construction of
dams, tunnels and new roads secured loans from the European Bank of Reconstruction and
Development (EBRD) in the amount of US$65 million, and the World Bank in the amount of
US$70 million (Schmidhuber, 2015). However, the planned hydropower plant projects violated
not only the national environmental legislation, but also the EBRD’s own policies.

Resource units (RU)

When analyzing the tobacco in the US case study, the resource taken for consideration is public
health - a resource to be protected from tobacco-related diseases. One of the ways in which the
associated economic value (as the only variable considered in this subsystem) of this resource
can be characterized by considering the healthcare expenditures for treating smoking-related
diseases. The economic cost of smoking in the US includes the direct medical care costs as
well as the lost productivity costs due to smoking-related illness and premature death. When
both aspects are considered, the economic costs of smoking in the US exceeds $300 billion per
year, with nearly US$170 billion for direct medical care costs and more than US$150 billion
in lost productivity due to premature death (Hall and Doran, 2016).

When discussing the economic value of the system as the main variable in this SES subsystem,
there are two important perspectives that need to be considered for the North Macedonia case
study. The first one is the value that the national park provides as a habitat for different species
(including protected ones) to which no clear monetary (financial) value can be attributed. The
second one considers the potential extraction of monetary (financial) value from the national
park by the local communities, such is the case with fisheries (regulated fishing activities),
lakes (regulated leisure and sport activities), or pastures (norms and laws related to grazing).
Since the system under consideration is a regulated national park with a strict natural protection
system in place (Tiepolo, 2007), the value of the park as a habitat for different species including
the endangered Balkan lynx cannot be monetarily quantified. On the other hand, the extraction
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of financial value from the national park by the local communities is already regulated with the
strict protection system.

Governance systems (GS)

In the US case study, the efforts to limit the power of the tobacco industry came from various
government as well as non-government organizations. The shift towards increasing tobacco
control happened after the landmark report by the Surgeon General was published in 1964.
More specifically, this was the first such governmental report that linked smoking cigarettes
with dangerous health effects, including lung cancer and heart disease (Alberg et al., 2014).
Aside of the Surgeon General, governmental organizations such as the US Food and Drug
Administration, the US Department of Housing and Urban Development as well as the US
Environmental Protection Agency had a significant impact on the societal fight against the
tobacco industry. The Congress also played a crucial role in terms of introducing new control
measures. In terms of the non-governmental organizations, the American Lung Association, a
voluntary organization, made significant contribution in lowering tobacco consumption
through different strategies and scales of action (Stachowiak, 2010).

In the North Macedonia case study, it was the state-owned utility company ELEM that initiated
the activities for building the two hydropower plants. As a governmentally-controlled and
owned entity, ELEM obtained support from two crucial non-governmental international
organizations that provided the funding — the European Bank for Reconstruction and
Development (EBRD) and the World Bank. Opposing these energy projects and organizing the
pushback against their realization came from a coalition of Macedonian non-governmental and
environmental law activists under the ‘Save Mavrovo’ campaign, led by Eko-svest. Through
grassroots actions and international legal mechanisms, Eko-svest with the support of the
coalition of other NGOs and activists managed to block and revoke the financing and
effectively stop the implementation of the hydropower plants.

Users (U)

In the case of tobacco in the US, this subsystem includes the community leaders responsible
for initiating different forms of collective action against smoking, the surgeon general, the
tobacco industry and citizen groups and organizations, with the American Lung Association
being the most prominent non-governmental actor. All these stakeholders had an impact on the
norms, behaviors and perceptions related with tobacco use. In the North Macedonia case study,
the ‘users’ include the central and the local governments, the international banks, the ‘Save
Mavrovo’ coalition led by Eko-svest and the local communities.

The most prominent type of leadership in the tobacco case study is the positional leadership,
as the Surgeon General used the governmental position and its powers to influence the large-
scale change. Community leadership also had a role to play, but mainly in local, small-scale
mobilization actions that influenced the social norms on tobacco use (Karasek et al., 2012). On
the other hand, the community leadership type was decisive in the North Macedonia case study
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in canceling the energy projects. The efforts by Eko-svest and the other members of the
coalition were crucial also for informing, educating and influencing the established social
norms related with hydropower plants as renewable energy sources that are congruent with the
environment.

Interactions (I)

In tobacco’s case study, community-wide information sharing actions and events were focused
on spreading the facts on tobacco’s harmful effects within and across communities, taking
direct action to safeguard their collective well-being (Cummings, 1999). The work of different
NGOs and especially the American Lung Association in informing and educating the public
and the government on tobacco’s damaging effects had a positive impact on the large-scale
changes that followed. Through research, education, advocacy, and lobbying, the American
Lung Association was one of the crucial non-governmental players that helped reshape the
society. The parallel to the American Lung Association for the North Macedonia case study is
Eko-svest, considering their non-violent actions including petitions, educational events for
local communities, face-to-face meetings with foreign ambassadors and presence in public
debates intended to inform and educate the public (Bujaroska and Colovic Lesoska, 2019),
undertaken for promoting the importance of the national park as a habitat for endangered
species and the destructive potential of the planned hydropower plants.

Going back to the tobacco case study, the lobbying and influence activities conducted by the
non-governmental sector and especially by the American Lung Association were influential but
to a limited extent, as they could not be compared with the influence that the tobacco industry
had. The tobacco industry’s tactics included buying scientific and other expertise to create
controversy about established medical and tobacco facts, investing in political parties,
influencing policy through lobbyists, managing front groups to oppose tobacco control
measures, pressing for weaker laws to be introduced, corrupting public officials, conducting
various PR campaigns and other power-increasing activities (Brandt, 2012). Moreover, the
tobacco industry was involved in a decades-long conspiracy “to resist smoking restrictions,
restore smoker confidence and preserve product liability defense” (Saloojee and Dagli, 2000).

The lobbying activities in the North Macedonia case study were mainly associated with the
efforts of the ‘Save Mavrovo’ coalition to cancel the funding for the planned hydropower
plants, challenging the international banks’ funding decisions before the Bern Convention — the
convention on the conservation of European wildlife and natural habitats (Breitenmoser and
Sovinc, 2021).

In terms of the self-organizing activities and tactics used by citizens and organizations, the US
society responded to the growing concerns of tobacco’s harmful effects by taking small-scale,
community-led actions and measures against smoking (community tobacco control actions)
(Cummings, 1999). Intended to reduce harm, different community actions were organized in
the areas of public policy information, providing support for clinical treatment of nicotine
dependence and different community-led youth development programs, often organized and
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lead by local, community leaders. The self-organizing activities of the local communities in the
case of North Macedonia included community-led rallies and road blockades to organizing
protests, marches and pickets in front of the central government building, directly supported
by the ‘Save Mavrovo’ coalition.

Outcomes (O)

In the case of tobacco in the US, the small community actions had an influence on the social
norms, but the main shift in imposing control measures on the industry happened after the
Surgeon General’s report was published. A selection of policy introduction after the Surgeon

General report was published are provided in the following table 4-2.

Table 4-2: Tobacco control measures

Year Explanation of legislation
US Food and Drug Administration (FDA) is empowered to regulate hazardous

1960 substan_ces, defined as toxic, corrosive, irritant, ser_wsitizing, flammable, or pressure-
generating substances. However, FDA does not interpret tobacco as a hazardous
substance.

1965 First federal statute for cigarette packages labeling requirements, with no warning on
cigarette advertisements.

1969 Cigarette advertising in broadcast media is prohibited, and health warnings on
cigarette packages are strengthened.

1984 Previous health warnings on cigarette packages are replaced with a system of four
rotating health warnings.

1986 A system of three rotating health warnings is introduced on smokeless tobacco
packages, and smokeless tobacco advertising is prohibited in broadcast media.

Source: Adapted from Emmons et al. (1997)

The combination of legislation change and small-scale actions aimed at influencing social
norms related with smoking had a great impact in bringing social change. In fact, the social
tipping point in terms of tobacco use can be grasped through the decline of the smoking rates
in the past decades. According to Cummings and Proctor (2014), back in 1965, more than 40%
of adults were active smokers, while less than 20% of adults were active smokers in 2011, with
adult per capita consumption of tobacco use decreasing by more than 60% since 1963.
Legislation changes made impossible for tobacco products to be marketed via television and
radio channels. Pollay (1994) argues that back in 1963, average teenagers in the US were
exposed to more than 100 tobacco ads per month, with children and teens representing between
24% and 30% of the bought television audiences by the cigarette firms. Changing of the social
norms can also be witnessed by the poll results in 1966 and 2001 - while 40% of Americans
recognized smoking cigarettes as a major cause of cancer in 1966, more than 70% shared that
view in 2001 (Cummings and Proctor, 2014).

Considering the North Macedonia case study, the different tactics used by the ‘Save Mavrovo’
coalition as well as the citizens’ participation in the different forms of protests resulted in the
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international banks canceling the loans for constructing the hydropower plants (Breitenmoser
and Sovinc, 2021). However, banks withdrawal of funding cannot be regarded as a social
tipping point, even though the effects of canceling these projects and raising the environmental
concerns related with building hydropower plants in protected areas spilled over in other
hydropower plant projects throughout the country.

A summary of the differences outlined above between the case studies according to the adapted
SES framework’s subsystems and variables is provided in table 4-3.

Table 4-3: Comparison of the two case studies

SES framework
subsystems and
variables

The story of tobacco in the
us

Protecting the Balkan lynx in
North Macedonia

Social, economic, and political settings (S)

Government policies

No restrictions on tobacco
consumption in place

Policies geared towards promoting
renewable energy expansion

Market incentives

Tobacco products available at
affordable prices and across
different selling points

Expansion of renewable energy
capacity to provide cheaper
electricity

Resource unit (RU)

Economic value

Health as a resource to be
protected, with economic cost
of smoking determined
through the direct medical cost
and the lost productivity costs
due to smoking-related illness
and premature death

The value of the national park as
habitat for different species is
unquantifiable; The value that can be
extracted from the national park by
the local communities is strictly
regulated

Governance systems (GS)

Government
organizations

Surgeon General, Food and
Drug Administration,
Department of Housing and
Urban Development,
Environmental Protection
Agency

ELEM - state owned utility
company

Non-government
organizations

The American Lung
Association

Eko-svest, Save Mavrovo Coalition,
European Bank for Reconstruction
and Development, World Bank

Users (U)

Leadership

Positional leadership seen
through the Surgeon General’s
actions

Community leadership enacted by
Eko-svest and the Save Mavrovo
coalition

Norms/behaviors

Smoking is seen as a cool
social activity and is allowed
everywhere (no smoking bans

in place)

Conflict between no citizen
opposition to renewable energy
projects and the need to protect the
Balkan lynx

Interactions (1)
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Information sharing

Information sharing within and
across communities to
implement different tobacco
protection measures

Information sharing within the Save
Mavrovo coalition and between the
coalition and the local communities

Lobbying activities

The lobbying activities by the
tobacco industry outweighed
the American Lung
Association and other
NGOs/CSOs lobbying efforts

Lobbying efforts from the Save
Mavrovo coalition directed towards
the government and the two
international banks (EBRD and
World Bank)

Self-organizing activities

Community efforts in
establishing no-smoking zones
and tobacco-free areas

Local communities and citizens led
by Eko-svest and the Save Mavrovo
coalition organized rallies, road
blockades, protests, marches and
pickets

Outcomes (O)

Legislative/policy change

Change in policy happened
after the publication of the
Surgeon General’s report

No change in policy, but the energy
projects were stopped due to the
revocation of the financing by the
international banks

Norms/behaviors change

Decreased smoking rates,
smoking considered as a bad
habit with negative health
impact

Citizen recognition of the negative
environmental impact that renewable
energy projects can have; Increased
environmental concerns

4.1.6. Discussion and Implications

The analysis of the two case studies yields insights that may be applied to the current barriers
of the energy transition. In terms of dealing with incumbents as one of the barriers, lessons can
be drawn from both the North Macedonia case study of the influence of bottom-up activities
on incumbent interests, and the US tobacco case study and the role of positional leadership in
initiating policy/control measures. The North Macedonia case study shows that bottom-up
efforts by citizens and citizen organizations in the form of petitions and meetings with
government representatives, foreign ambassadors and the projects’ creditors can be effective in
avoiding the effects of lock-in driven by national and international incumbents. Persistent non-
violent bottom-up actions, with a clear pro-environmental message, organized in different cities
and regions of North Macedonia across several years, helped in stopping the funding and
canceling the energy projects. The US case study shows that the incumbents were confronted
by a top-down, policy approach. The findings are in line with the arguments provided by
Turnheim and Geels (2012) who state that political pressures play a crucial role when dealing
with incumbents.

Learning from these insights to the energy transition, legislative measures can focus on
addressing the industry’s marketing tactics. For example, the alternative causation arguments
(a misinformation tactic used to deflect attention from the scientific evidence, which is a tactic
that was heavily used by the tobacco industry) is a tactic that the fossil fuel industry also relies
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on (Maani et al., 2022). Biased economic analyses to oppose climate policy (Franta, 2022) is
another tactic used by the fossil fuel industry to negate the need or delay the transition.
Mandatory changes to the marketing activities can be imposed through policy interventions in
the same way as tobacco’s marketing practices were influenced in the past. Moreover,
considering the subsidies associated with tobacco production and the associated influence on
making tobacco products easily reachable, changes could also be made in the realm of fossil
fuel subsidies. Since more than US$ 5 trillion are spent by governments yearly on both the
consumption and the production sides (Skovgaard and Asselt, 2019), cutting these subsidies
may have a positive effect towards speeding up the transition. Another control measure that
governments can impose on the energy transition incumbents is to cease the issuance of permits
for new fossil fuel production (Erickson et al., 2018) and to effectively stop the industry’s
actions on influencing national policies and international climate change agendas (Nasiritousi,
2017). All of these efforts constitute top-down pressures to address incumbents, which is in
line with the arguments of Turnheim and Geels (2012) that political will exercised through
legislative pressures yield most favorable results when dealing with incumbents.

Actions and changes can also come from local, bottom-up actions focusing on individual
change in norms, understandings and behaviors, as argued by Niamir et al. (2020) and Bal et
al. (2021). The bottom-up actions and tactics used in the two case studies were aimed at
initiating change on a personal, individual level — making smoking less cool, and shaping
people’s understanding about the consequences of hydropower plants in protected natural
areas. The work done by Eko-svest and the coalition can be regarded as the spark and catalyst
that led different NGOs, citizens and entire communities to take action to stop future small
hydropower plants in North Macedonia, despite the norm being that ‘renewable energy sources
are a climate change mitigation option’ (Komendantova, 2021). The support against
hydropower plants in protected areas, regions and within communities directly affected by such
energy projects gained due to the coalition’s efforts shows the effective change in social norms
and understandings. This further outlines the role of connected social actors as diffusers of
change towards a social tipping point, as outlined by Otto et al. (2020). In terms of the US case
study, the bottom-up collective actions did not manage to assemble critical mass to initiate a
large-scale cross-country social movement to demand new policy measures for controlling
tobacco. Instead, these growing small-scale community actions shifted the narrative and
perception of people, from ‘smoking being cool’ towards ‘smoking is bad for your health’. As
such, influencing citizens on an individual level to reduce smoking rates through shifting the
social norms had a positive influence on decreasing smoking rates (Karasek et al., 2012).

Both cases show similar motivators behind the non-violent actions taken to address the issues,
as they are both related with the protection of the communities’ well-being through joined,
organized action. Such organized group activities are more effective than individual actions in
reaching the goal, as explained by the collective efficacy theory (Watson et al., 2001).
Moreover, being part of the same community and being subjected to the same risks, citizens in
the two case studies took action as they shared the same beliefs, norms and concerns — smoking
is bad for the communities’ health, and the planned hydropower plants will have a negative
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influence on the local communities. Being part of a collective action due to shared moral values
and beliefs is explained by the collective identity theory (Davis et al., 2019).

Driven by the need to protect the environment and organizing local groups of collective actions,
the non-violent tactics used by the ‘Save Mavrovo’ coalition share similarities with current
climate change actions. From rallies, protests, marches and pickets to the ever-growing number
of road blockades organized by collective actions such as Just Stop Oil, Extinction Rebellion,
Fridays for Future and others, these non-violent actions are aimed at awakening and mobilizing
the public to increase the efficacy of the collective efforts.

The findings from this research also have implications to both academic research and practice.
The adapted SES framework can be utilized for the analysis of collective actions geared
towards different goals, regardless of the context or the time period, as it allows for different
theories and a vast array of variables to be considered which are deemed important for
explaining the collective action. In short, using the adapted SES framework might provide more
insight than other approaches that rely on a single theory or model. Moreover, the findings
complement the existing literature, especially when it comes to the issues of power and politics
as one of the key elements of the socio-institutional transition theories (Fraune and Knodt,
2018) and the effects that different bottom-up collective actions can have on bringing change
across different scales. When it comes to the social tipping point and considering the different
definitions of the concept, we align our findings mostly with Juhola et al. (2022) view of the
concept - a process that entails changes on individual, collective, and institutional level.

In terms of the implications outside of academia, the findings show that individuals and non-
governmental organizations can play a substantial role in the energy transition, especially when
it comes to mobilizing bottom-up, non-violent activities to address community challenges and
risks (table 4-4). Such mobilized citizen activities may also impact different aspects that go
beyond influencing individual and social norms and understandings and have a direct policy
impact.

Table 4-4: Outcomes of the research process

Key Themes and Findings Method of addressing the barrier

Bottom-up efforts effective in avoiding lock-ins driven by
national and international incumbents.

Political pressures through positional leadership and policy
changes crucial when dealing with incumbents.

Addressing industry’s marketing tactics through policy
interventions.

Legislative measures Cutting subsidies as a measure to speed up the transition.
Ceasing the issuance of permits for new fossil fuel production
and limiting the industry influence.

Initiating change through bottom-up actions.

Importance of connected social actors as diffusers of change.

Dealing with incumbents

Local, bottom-up actions
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Similarities between the ‘Save Mavrovo’ coalition and the

Non-violent tactics for current global climate change actions.
environmental protection Increasing efficacy of collective actions through rallies and
protests.

Individuals and NGOs/CSOs playing a substantial role in the
energy transition.

Organized citizen actions impacting policy outcomes beyond
norms, understandings and behaviors..

Implications outside of academia

4.1.7. Limitations

When it comes to the limitations of this study, we identify two categories of limitations that
must be considered. The first category of limitations includes the approach taken to adapt the
SES framework. Namely, adapting the SES framework by using case studies from the
American context outlined by a single source result in a limited consideration of variables that
might be relevant in other contexts, or that might be deemed relevant by other researchers and
other research approaches. In line with this, treating the adapted SES framework as a ‘one-size-
fits-all” solution for analyzing past collective actions might yield limited insights. Also,
contrary to using models for analyzing transformations, frameworks cannot pinpoint whether
and to what extent variables or actions taken by different actors shape the results. This means
that the SES framework cannot determine the order of the causal effects of the subsystems and
variables considered nor their weight and impact on the final outcome. However, frameworks
offer the advantage of considering greater array of variables which are not able to be grasped
by models nor theories (McGinnis and Ostrom, 2014), thus providing greater potential for
explaining the complexity of the considered case study.

The second category of limitations is related with the framework itself, and to the selection of
case studies that the framework is applied to. By using the SES framework, pinpointing the
social tipping points across the case studies might not be possible. We addressed this limitation
by adapting the SES framework to include variables that we define to be part of the social
tipping point process. Also, despite the fact that the two case studies offer different insights
into ways to address incumbent sources of power, the different leadership roles and the variety
of tactics that can be used to achieve the goals, the examples provided and the lessons that can
be drawn from the two case studies are important but limited. We do not claim that the insights
are readily applicable to the current energy transition, nor that the actions depicted through
them should be followed to achieve the same goals. Rather, we want to offer examples that can
be considered when developing strategies to tackle challenges that might be addressed through
individual and collective actions. We point to the importance of the context (time and macro
elements including the political, economic and social situation) in initiating, driving and
obstructing collective actions. Moreover, both case studies reveal different trajectories and
paces in which the intended change happened, despite the fact that the extent of the large-scale
transformations achieved in the two case studies varies greatly. However, in the analyzed
contexts, both changes can be considered as transformative, as they directly impacted social
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and societal issues, from influencing individual and social norms, beliefs and practices, to
changing existing policies and governmental decisions.

4.1.8. Conclusion

In conclusion, we state that historical cases of collective actions that resulted in large scale
transformations offer valuable lessons for the current energy transition. The analysis of the case
studies showed different strategies to address the barriers currently faced in the energy
transition, from dealing with lock-ins and incumbent sources of power, to changing individual
and social norms and behaviors. By using the adapted SES framework, we outlined that both
top-down measures and bottom-up activities are needed for effective change to happen across
different scales. Focusing on the role that collective actions can play, we showed that bottom-
up activities are effective means to reach a social tipping point, with individuals and local
organizations acting as catalysts.

The wider lessons that can be drawn from the results presented in this paper extend far beyond
the energy transition, offering valuable insights applicable to diverse large-scale transitions.
These lessons emphasize the need for interdisciplinary, adaptive, and inclusive approaches that
recognize the role of both top-down and bottom-up strategies. Understanding the dynamics of
cultural and behavioral change while learning from historical precedents enables the successful
navigation and facilitation of large-scale transitions across a variety of contexts.
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Heating up the energy transition: Comparing energy justice and energy decision-
making in individual and collective heating systems to support a just heat transition

Abstract

The shift from carbon-intensive technologies to renewable sources is crucial for reducing
emissions and combating climate change. This paper compares individual and collective
heating systems through the lens of energy justice and citizens' capabilities for energy decision-
making, focusing on resource availability, financial implications, governance structures and
decision-making mechanisms. Using semi-structured interviews with stakeholders associated
with or having knowledge of different collective heating systems across eight European
countries, we reveal disparities in how these systems impact energy justice and households’
energy decision-making capabilities.

Our findings show that individual heating systems, while offering autonomy and freedom of
choice, might place significant financial and environmental responsibilities on households.
This can exacerbate disparities in energy access and affordability, particularly for low-income
households facing high costs of new renewable heating solutions.

In contrast, collective heating systems, despite limiting households’ control over energy
choices, leverage economies of scale and may better enable efficient integration of local
renewable resources. These collective systems may also offer more stable and lower
operational costs, distribute financial risks across the users, and provide a potential safeguard
against energy poverty. However, collective systems also require robust governance
frameworks to ensure transparency, accountability, and inclusiveness in decision-making
processes.

This research highlights the necessity for energy policies that can address the differences
between individual and collective heating systems to ensure that everyone, regardless of their
income or type of heating system they use, can benefit from renewable and low-carbon energy
solutions as a part of a just heating transition, one that balances the values of operational
efficiency and dependability with social justice.

Keywords: energy justice, heating transition, energy decision-making capabilities, individual
heating systems, collective heating systems

47



4.2.1. Introduction

The heat transition is a key part of the broader energy transition, which involves shifting away
from conventional heating methods to less carbon-intensive alternatives. The heating sector
contributes significantly to global greenhouse gas emissions and is a major challenge for
decarbonization, primarily due to its reliance on fossil fuels such as natural gas, oil, and coal.
Within the European Union, 79% of the total final energy use by households is for providing
space heating and hot water, and 84% of both heating and cooling loads are serviced by fossil
fuels, primarily natural gas and oil (European Commission, 2019). While the industrial sector
was directly responsible for a quarter of global energy system carbon dioxide emissions in 2022
(IEA, 2024), space heating in the built environment accounted for 10% of the total carbon
dioxide emissions (IEA, 2022). Alternative solutions, such as individual, household-level
systems based on heat pumps, solar thermal systems, as well as collective heating systems that
are scaled for neighborhoods or a collection of households, such as district heating networks
and thermal communities that utilize renewable energy, offer less carbon-intensive and more
sustainable options for decarbonizing the heating sector, which also improves air quality
(Martin et al., 2024; Chudy-Laskowska and Pisula, 2022).

Central to realizing the heat transition is not only the adoption of alternative technologies but
also the integration of energy efficiency measures across the built environment, the
development and integration of smart technologies as part of the next-generation heating
systems (Chen et al., 2024), and the provisioning of basic energy needs and efforts to decrease
energy poverty, considering the increasing number of energy-poor people or people that are at
risk of falling into energy poverty (Collins, 2023; Elissaiou, 2023). There is also a need for
transformation of the existing infrastructure, policies, markets, and consumer attitudes and
behaviors (Geels et al., 2017), to ensure that the transition supports broader societal goals
related to inclusivity, environmental sustainability and justice — what we define as a ‘just’
energy transition, and by extension, a ‘just’ heating transition. However, achieving a society
underpinned by principles of environmental sustainability and justice that are deeply embedded
in all aspects of energy use, requires viewing this transition not merely as a goal to be reached,
but as a continuous process of transformation that addresses technological, social, and
economic dimensions in an inclusive manner.

In realizing this just energy transition, the role of citizens and the diverse forms of citizen
engagement become crucial, especially in the context of energy justice. Energy justice is
typically conceptualized through three dimensions: distributive justice, which concerns the
equitable distribution of the benefits and burdens of energy systems (Granqvist and Grover,
2016); recognitional justice, which emphasizes acknowledging and respecting the rights and
perspectives of all societal groups, especially those historically marginalized (Heffron, 2022);
and procedural justice, which calls for fair and inclusive decision-making processes that engage
all stakeholders (Hanke et al., 2021). However, the recognitional and procedural aspects require
more attention as compared to its distributional aspects. Citizen participation is a lens through
which these other aspects of energy justice can be more fully developed. It is widely recognized
in the literature as a cornerstone of a successful energy transition (Suboticki et al., 2023;
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Wierling et al., 2023; Koutra et al., 2023; Shortall et al., 2022) and is supported by national and
EU policies, such as the ‘Clean energy for all Europeans package’ (Lowitzsch et al., 2020) and
the ‘Citizen-led renovation’ support service (European Commission, 2024a) that ties directly
to the heat transition and the need for improving the building stock efficiency (Kaandorp et al.,
2022).

Citizen engagement and participation can take different forms, including a government-led
deliberative consultation, a technological trial of energy practices, grassroots innovations as
well as environmental social movements (Chilvers and Longhurst, 2016). These engagement
forms may vary in terms of who participates (such as consumers, activists, communities), what
they participate in (ranging from energy efficiency measures to the adoption of technologies),
and how they participate (including but not limited to deliberative processes, protests, digital
engagement) (Chilvers et al., 2021). Wahlund and Palm (2022) further argue that forms of
citizen participation in the energy transition can be split into three groups: i) consumer forms,
such as deliberative polls and consumer choices, ii) direct forms of participation, including
prosumerism and organizing social movements and protests, and iii) representative forms, such
as municipal ownership and participation in policy processes. By having different forms and
scales of citizen engagement, the policies in the energy transition will not only be technically
and economically viable, but also socially acceptable and equitable (Lennon et al., 2019).

To better understand citizen engagement, it is essential to connect it to the individuals’
capability to act and make decisions within their contexts. We turn to the Capability Approach
(CA), as it highlights individuals’ capabilities to advance their well-being and achieve the life
they value (Garces, 2022). The CA emphasizes individual agency, ensuring personal
capabilities and freedoms are not overlooked, and has been used in the literature to understand
the tensions between energy use, climate change mitigation and well-being attainment (Wood
and Roelich, 2019), to consider issues of energy poverty (Day et al., 2016), to determine the
social acceptability of renewable energy technologies (Velasco-Herrejon and Bauwens, 2020),
as well as to analyze the development impacts of electrification across developing countries
(Cole, 2018). However, there is limited exploration of the use of CA for planning and designing
energy systems to build in justice considerations, as argued by Melin et al. (2021) in the
introduction to the ‘Energy justice and the capability approach’ special issue. Also, the
literature is limited with cases where capabilities are considered specifically in the heating
transition, and how individual heating systems such as boilers and heat pumps and collective
heating systems such as district heating systems, influence people's capabilities to make
decisions related to energy beyond adopting new technologies or adjusting consumption (IEA,
2023b; Brauer et al., 2024; Corbos et al., 2023; Huebner et al., 2023). This limited focus signals
a gap in understanding the broader capabilities people have to improve their comfort within
their contextual constraints, such as income levels and the feasibility of technology adoption
in their households.

Building on the concept of capabilities, we introduce the term ‘individual energy decision-

making’ to encompass all household decisions related to the energy transition - particularly the
heating transition, that extend beyond individual well-being to broader societal impacts. This
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concept expands traditional notions of energy decision-making, which often focus on
technology adoption, operation, and consumption (Antonopoulos et al., 2024). It includes
diverse forms of citizen engagement, such as prosumer activities, participation in
policymaking, and municipal ownership initiatives (Wahlund and Palm, 2022). It also
incorporates collective actions, such as forming or joining thermal energy communities,
petitioning authorities, voting, protesting, and other civic activities that go beyond basic energy
consumption decisions.

These forms of engagement reflect the practical capabilities individuals possess to enhance
their well-being, which is shaped by the heating systems they utilize. In this paper, well-being
is primarily defined by thermal comfort, while related factors such as affordable heating costs,
access to renewable heating technologies, and availability of information for example, are
considered important capabilities that enable households to achieve and maintain thermal
comfort. Although physical and mental health considerations are beyond the scope of this
research, we acknowledge the strong connection between thermal comfort and overall health.
Our focus centers on understanding the capabilities individuals need to take meaningful actions
to improve their well-being and support the broader goals of the energy transition.

This paper highlights that variations in citizen capabilities across different heating systems are
inevitable, as physical infrastructure inherently enables or constrains possibilities for action.
To promote a just heating transition, we integrate technical realities with justice and citizen
engagement considerations, examining how heating infrastructure shapes households’
capabilities to make energy decisions with both individual and collective impacts. Effective
policies for a just energy transition must address the interplay between technical systems such
as heating, and justice dimensions, as these systems influence who has a voice in decision-
making, who gains access to resources, and whose needs are prioritized. Furthermore, we
explore capabilities and justice-related tensions and trade-offs in areas such as equity, access
to renewable energy, operational efficiency, and system usability. Based on these
considerations, we pose the following research question:

How do energy justice and citizens' capabilities for energy decision-making differ between
individual and collective heating systems, and what are the implications and trade-offs of
these systems for justice concerns related with the heating transition?

This paper is structured as follows. In section two, a literature review is provided, laying out
the energy justice arguments and their integration with the CA, along with the forms of citizen
engagement and participation in the energy transition. Section three outlines the methodology
behind this research, while sections four and five present the results and discussion
respectively, before the conclusion.
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4.2.2. Literature review
4.2.2.1. Energy justice and the energy transition

Developing effective policies to support a just energy transition requires a thorough
understanding of the requirements and constraints of different technical systems. However,
technical systems, including heating systems, profoundly shape households' capabilities for
energy decision-making, influencing what actions they can take to improve their
circumstances. This impact extends to energy justice by determining who has a voice in
decision-making processes, who gains access to resources, and whose needs and identities are
acknowledged - core tenets of the energy justice framework.

Energy justice extends the concept of environmental justice to the energy sector, emphasizing
equitable access to energy technologies and inclusive decision-making, particularly for
marginalized groups (Schlosberg, 2007). Heffron and McCauley (2017) outline two primary
definitions of energy justice, with the first encompassing three dimensions: distributional
justice, focused on fair access to and distribution of energy services and harms (Sovacool and
Dworkin, 2015; Mundaca et al., 2018); procedural justice, which ensures transparent and
inclusive decision-making processes (Williams and Doyon, 2019); and recognitional justice,
which emphasizes the acknowledgment and representation of marginalized communities
(Jenkins et al., 2016).

Although valuable, the three-dimensional approach is often applied in isolation, risking a
fragmented understanding that overlooks the deep interconnections between these dimensions
and limits the development of comprehensive, long-term strategies (Wood, 2023). Additionally,
this approach “does not specify who is responsible for defining justice concerns, potentially
contributing to a top-down approach to energy justice that does not explicitly include the values
of people on the ground” (Velasco-Herrejon and Bauwens, 2020, p.1). By addressing energy
dilemmas in isolation from broader issues, it fails to fully consider the challenges faced by
those adversely affected by energy systems (Wood and Roelich, 2020). As a result, this can
lead to policies disconnected from lived experiences that fail to tackle the root causes of
injustices within the energy system.

In contrast to the limitations of the three-dimensional framework, the second definition of
energy justice proposed by Heffron and McCauley (2017) offers a more integrative and
operationalized approach for analyzing energy systems. This framework, developed by
Sovacool and Dworkin (2015), shifts the focus toward actionable principles that emphasize key
issues such as resource availability, governance structures, and affordability, as detailed in
Table 4-5. Unlike the three-dimensional approach, which often isolates justice dimensions, this
framework provides a way that links justice concerns directly to the operational and systemic
aspects of energy systems.
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Table 4-5: Energy justice decision-making framework

Energy justice principle Explanation
Availability People deserve sufficient energy resources of high quality
Affordability All people, including the poor, should pay no more than 10 percent

of their income for energy services

Countries should respect due process and human rights in their

Due process .
P production and use of energy

All people should have access to high quality information about

Good governance energy and the environment and fair, transparent, and accountable
forms of energy decision-making
Sustainability Energy resources should not be depleted too quickly

Intragenerational equity All people have a right to fairly access energy services

Future generations have a right to enjoy a good life undisturbed by

Intergenerational i o
tergenerational equity the damage our energy systems inflict on the world today

All nations have a responsibility to protect the natural environment

Responsibilit o .
P y and minimize energy-related environmental threats

Source: Sovacool and Dworkin (2015)

The energy justice principles outlined in this framework can be interpreted as forms of
capabilities that shape households’ energy decision-making, resulting in both individual and
collective impacts. For example, having the ability to choose an available sustainable
technology for an affordable price, while respecting due process is a capability of a household
to improve its well-being. This perspective facilitates the integration of justice and capability
considerations, a combination highlighted as essential by Melin et al. (2021), who argue that
merging energy justice and the capabilities approach offers a more comprehensive framework
for examining tensions. By adopting this approach, we can effectively analyze the justice
tensions across the individual and collective heating systems, and how they enable or constrain
capabilities, ensuring our approach is rooted in practical considerations of justice.

4.2.2.2. The Capability Approach and the energy transition

The Capability Approach (CA) has been widely applied in studies examining justice and energy
issues, particularly in addressing the tensions between energy use, climate change mitigation,
and the attainment of well-being. For example, Day et al. (2016) applied the CA to consider
how energy and well-being are interconnected in the context of energy poverty, and what does
energy enables or produces. More specifically, the authors develop two sets of capabilities,
basic and secondary, whose attainment ultimately requires energy. While the basic capabilities
are the ultimate concern for households and include elements such as maintaining good health
and being educated for example, they require secondary capabilities such as storing and
preparing food, accessing information or using machinery. It follows clearly that such
secondary capabilities require energy services and ultimately, an energy source or fuel (Day et
al., 2016). This relationship is shown in Figure 4-1.
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Figure 4-1: Relationship between energy, services and outcomes

Fuel / Energy Domestic Domestic energy Secondary ' Basic capabilities
Source energy or services capabilities

e.g. biomass, power supply E.g. lighting, space e.g. washing clothes, e.g. maintaining
kerosene, solar e.g. electricity, heating/cooling, storing and preparing good health, having
energy, gas {may >| energy from >| water heating, Z| food, accessing | social respect,

be outside the burned biomass refrigeration, ICTs, information, using maintaining
domestic or gas mechanical power machinery relationships, being
setting) educated

Source: Day et al. (2016)

Derivation of different capabilities is also found in the study by Lee et al. (2021), as the authors
applied the CA to define three categories of energy capabilities to assess energy poverty relief
policies in the US. The authors developed three main categories of capabilities related to
biological and physical needs, intellectual and emotional needs, and social and political needs,
each having specific energy-related capabilities. For example, the capabilities category related
to biological and physical human needs include access to affordable and safe energy services
as energy capabilities. Lee et al. (2021) found that empowerment-focused policies offer a long-
term solution compared to the financial aid approach, as the empowerment approach may
create lasting improvement across the three categories of capabilities.

Hillerbrand and Milchram (2021) used the CA as a normative energy justice perspective to
analyze the impact of digitalization in the energy sector. The authors analyzed two
technological developments — smart grids and autonomous driving and focused on the potential
impacts on end-users instead across the overall supply chain. The authors assessed the impacts
of the two technological developments in the energy sector on the energy capabilities
developed by Hillerbrand and Goldammer (2018), demonstrating that the CA can be used for
identifying energy justice challenges.

Furthermore, the CA has been used to assess the energy justice issues related with access to
technologies and infrastructures. For example, Velasco-Herrejon and Bauwens (2020) adopted
the CA to investigate the social acceptability of renewable energy technologies and understand
whether these technologies enhance the lives within the indigenous communities in Southern
Mexico. Framing the capabilities of residents in three communities as their understanding of
what a good life is, Velasco-Herrejon and Bauwens (2020) used the CA to understand what the
three dimensions of energy justice mean to people on the ground, gain deeper context-specific
understanding of their acceptance of energy technologies, and how such technologies influence
their capabilities. One of the major findings is that the CA contributes to “building more
inclusive definitions of energy justice, ensuring that people on the ground are the ones defining
justice concerns, as opposed to developers, NGOs, and government officials” (Velasco-
Herrejon and Bauwens, 2020, p.13).

Hunt et al. (2021) have used the CA to look at the cost and benefit as well as the achievement

of freedoms and capabilities of Indigenous people in a renewable energy transition in North
Australia. The findings show that the CA may point out the diverse aspirations of Aboriginal
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people across renewable energy developments, underscoring the need for Aboriginal decision
making to be placed at the center rather than the periphery of the decision-making and
development processes of the renewable energy projects (Hunt et al., 2021). Frigo et al. (2021)
on the other hand have used the CA as a normative framework when arguing for a human right
to access necessary energy services, including electricity and cooking fuel, strengthening the
calls for making access to electricity a universal human right, confronting both the contractual
rights and the derived human rights positions, as summarized by Lofquist (2018). Further,
Wood and Roelich's (2019) focused on the tensions between energy use from fossil fuels and
climate change mitigation, arguing that these aspects must be viewed by their relationships to
achieving well-being, instead of viewing them separately.

Moreover, the studies done by Malakar (2018) and Rajagopalan (2021) used the CA to
understand the impact that solar micro-grids and rural electrification have on residents’ well-
being in India. For example, Malakar (2018) adopted the CA to examine the effect of residents’
access to electricity on their secondary capabilities such as irrigation, entertainment and
cooking, as well as basic capabilities such as improved health, increased security and
strengthened resilience to changing climate, determining that access to electricity has a positive
influence across all capabilities of the residents. The study by Rajagopalan (2021) show that
the CA can be implemented to understand what people value, how they achieve it, and what
factors restrict or enhance their valued capabilities, determining that access to solar micro grids
has a positive impact across all the well-being aspects and capabilities.

As defined previously, we define the term well-being primarily as thermal comfort, while
related factors such as affordable heating costs, access to renewable heating technologies, and
availability of information for example, are considered important capabilities that enable
households to achieve and maintain thermal comfort. These capabilities are essentially covered
by the principles of the energy justice decision-making framework by Sovacool and Dworkin
(2015). However, we build on previous studies such as Day et al. (2016), Lee et al. (2021),
Hillerbrand and Milchram (2021) and other presented above to better understand the different
capabilities citizens have and the forms of actions they can take once part of a heating system.
As the types of heating systems influence the forms of citizen actions which we here understand
to be part of the households’ capabilities for energy decision-making, we turn to understanding
the different citizen engagement forms which are inherently part of the procedural and
recognitional energy justice aspects.

4.2.2.3. Citizen engagement and participation in the energy transition

An underexplored aspect of the energy justice discourse is the integration of procedural and
representational justice dimensions, particularly through the lens of the capabilities approach,
as emphasized in the interdisciplinary discussions and outlined in the introduction to the special
issue ‘Energy Justice and the Capability Approach’ by Melin et al. (2021). For the heat
transition, as a subset of the energy transition, citizen engagement is crucial in both individual
and collective heating systems, though it manifests differently, considering the capabilities for
energy-decision making that the technical infrastructures enable or constrain. Individual,
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household-level systems based on heat pumps, solar thermal systems, as well as collective
heating systems that are scaled for neighborhoods or a collection of households, such as district
heating networks and thermal communities that utilize renewable energy, offer distinct
opportunities and challenges for citizen engagement. In individual heating systems for
example, engagement is often about personal choice, investment, and maintenance of the
heating system, which brings the risk of sustaining or exacerbating energy poverty, considering
that the cost of new heating systems may disproportionately affect low-income households
(Chaudhuri and Huaccha, 2023). In contrast, citizen engagement in operator-controlled
collective systems such as district heating often takes the form of public consultations,
advocacy and voting. This involvement is more about influencing policies and decisions at a
communal or municipal level, reflecting a broader form of engagement.

However, the capability of citizens to act and advance their well-being depends on the heating
systems they are part of. Institutional arrangements, such as ownership, management, and
operational structures, play a significant role in either limiting or fostering citizen engagement.
For instance, the absence of inclusive decision-making procedures in certain heating systems
can act as a barrier to engagement (Kiss et al., 2022). Additionally, institutional barriers and
entrenched interests often resist change to maintain the status quo, further constraining citizen
agency (Sovacool et al., 2020). The decision-making processes associated with heating systems
also differ significantly. In individual heating systems, citizens typically have full agency over
their choices within contextual constraints, such as selecting and operating their heating
systems. On the other hand, collective heating systems that are owned and/or controlled by a
single operator (a district heating system operated by a municipality or a public institution for
example), often limit citizens in their ability to influence management, operation, or the
selection of heat sources. While citizens in district heating systems face restricted decision-
making capabilities, those outside these systems often miss out on the equitable distribution of
the local energy resources used by the system. For example, municipal waste incineration can
produce hot water distributed through district heating systems, benefiting only their users and
excluding others from access to this shared resource.

Understanding citizens’ capabilities across different heating systems is crucial to identifying
the barriers and enabling factors these systems impose on the decarbonization process. Such
insights can illuminate pathways toward a more just heat transition, ensuring that all citizens
are empowered to contribute to and benefit from the energy transition.

4.2.3. Methodology

4.2.3.1. Data collection

Recalling that this study aims to understand how energy justice and citizen capabilities for
energy decision-making differ between individual and collective heating systems, and what are
the implications and trade-offs of these systems for realizing a just heating transition, our data

collection approach was two-fold. The first step involved a literature review of published
articles and grey literature to understand and differentiate between different types, scales, and
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applications of heating systems. When conducting the literature review, we relied on our
personal energy and environmental engineering knowledge to analyze the different heating
sources and technologies that are currently utilized in the residential built environment, along
with their scale and scope, the different activities surrounding the operation and maintenance
of these heating systems, and the actions that citizens can take to improve their thermal comfort,
utilize renewable energy and decrease their heating costs. Furthermore, to enrich the data and
to gain deeper understanding of the issues surrounding the collective heating systems, we
conducted interviews with stakeholders that have knowledge of different types of collective
heating systems. From December 2023 until April 2024, we conducted 17 semi-structured
interviews across eight European countries, with representatives of operator-controlled thermal
communities, former and current representatives of district heating companies and district
heating associations, as well as researchers with current or past projects associated with any
type of a collective heating system. Our goal was to provide different perspectives across
different European countries, thus maximizing the diversity of the collective heating systems
and contexts as well as the associated citizens’ capabilities for energy decision-making. We
contacted representatives with the aim of diversifying the following characteristics: 1) the
technical composition and operation of the collective heat system (fuel/ heat source, area of
system operation, evolution of the system, ownership and operational aspects), ii) the role that
citizens play in the current system and their ability to improve their thermal comfort (including
decisions about consumption, choice of supplier, joining or leaving the system, drivers and
barriers of organized citizen forms for supplying heat), and iii) the future of the collective
heating system and the roles that citizens are expected to play. We first contacted all
representatives which were already in our research network, and then relied on a snowballing
approach to reach more potential participants.

We focused mainly on stakeholders who have knowledge of collective heating systems rather
than individual households for several reasons. Firstly, even though these stakeholders
primarily operate within the realm of collective heating systems, they possess extensive
knowledge of both collective and individual heating systems, as they offered insight related to
individual heating systems relevant for their specific context, which was in the interest of this
study. Involving these stakeholders allowed us to mitigate potential biases from the personal
experiences and preferences of individual households, which may not reflect broader systemic
issues related with households’ energy decision making capabilities and fell outside the scope
of this research. Finally, our aim was to contribute to the literature by offering empirical insights
into how operators of collective systems perceive the differences between individual and
collective decision-making, as much of the existing research focuses on household behaviors.
Table 4-6 below provides a summary of the interviewees’ profiles, along with the codes that
would be recalled in the discussion section.
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Table 4-6: Profiles of interviewees

Code Country Affiliation
BEL1TCR Belgium Thermal community representative
BE2TCR Belgium Thermal community representative
BE3TCR Belgium Thermal community representative
BE4TCR Belgium Thermal community representative
DK1DHA Denmark Association of district heating companies
DE1DHA Germany Association of district heating companies
GR1RES Greece Researcher
IEIDHC Ireland District heating company
NL1TCR Netherlands Thermal community representative
MK1RES North Macedonia Researcher
MK2DHC North Macedonia District heating company
CH1DHC Switzerland District heating company
CH2RES Switzerland Researcher
CH3DHC Switzerland District heating company
CH4RES Switzerland Researcher
CH5DHC Switzerland District heating company
CH6TCR Switzerland Thermal community representative

The semi-structured interviews were conducted in English, they lasted between 50 and 90
minutes and were carried out online. The initial interview transcripts were either obtained
through the transcription service of Microsoft Teams which produced the transcripts
automatically, or by uploading the recordings to Trint (Wollin-Giering et al., 2024). In both
cases, the automatically generated transcripts were manually checked for consistency and
possible errors by comparing the transcripts with the recordings.

4.2.3.2. Data analysis

The initial interview transcripts were anonymized, thoroughly reviewed to correct transcription
errors and ensure formatting consistency and subsequently coded with MAXQDA by the first
author, following the thematic analysis approach (Braun and Clarke, 2022). More specifically,
we looked across two main themes: 1) the technical composition and operation of the collective
system (with codes related to costs, efficiency and operation issues, decision-making processes
for example, all related with the energy justice decision-making framework principles) and i1)
the role that citizens play in the current and the roles they can play in the future system as well
as their decision-making capabilities to enhance their well-being (codes related with
consumption behavior, choice of technology, joining/leaving a certain system, or otherwise
influencing the system, all related with the CA). In terms of data analysis, we relied on the
energy justice decision-making framework by Sovacool and Dworkin (2015) to differentiate
between the manifestation of energy justice between the individual and the collective heating
systems. We summarized the results and categorized the topics according to the corresponding
energy justice principle found in the framework. Even though the original aim of this
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framework is to promote energy decisions that are more just, we adopt it as an analytical tool
to examine the two types of heating systems across the eight principles of energy justice.
Moreover, to better understand the capabilities for individual energy decision-making that
households have in order to advance their well-being (as defined previously), we also refer to
the capability approach (CA). With the CA, we aim to determine the individual energy decision
making that households are capable of making as part of the different types of heating systems.
More specifically, we asked interviewees about the capabilities that households have to make
decisions related to energy and thus improve their well-being. Therefore, after describing the
heating systems according to the energy justice decision-making framework, we look at the
specific capabilities that households have to improve their situation.

4.2.3.3. Ethical concerns and potential limitations

The interview guide was shared with the participants before the interview was carried out,
together with a consent form that outlined all ethical considerations related to the research. The
ethics approval was obtained by the ETH Zurich ethics commission prior to starting the
seventeen interviews. The interview transcripts were anonymized and are stored safely on the
ETH Zurich internal server. The transcripts are accessible only to the authors and they will be
deleted after 10 years.

The limited number of interviews and countries that were part of this study represents the
strongest limitation. The interviewees were able to provide input regarding their domain of
work, their activities within the companies/organizations they are associated with or that they
have knowledge of, as well as the governing policies associated with their field. However,
neither of the cases can be viewed as a representative of the respective country, hence the
information we obtained from the eight European countries prevents us from generalizing the
findings. Despite the limited number of cases, we are able to reveal important insights
regarding operator-owned and controlled heating systems since we analyzed different types of
such systems. Considering the same technical, operational and management aspects of such
systems, contextual factors play an important role, as is also the case for having different types
of citizen engagement, which we were able to analyze to a limited extent, as we only
interviewed stakeholders from eight European countries. Nevertheless, as the goal of this
exploratory study was to provide an insight into a diversity of heating systems and their impacts
on differences and outcomes rather than provide generalizations, the results offer valuable
perspectives on how various contextual factors can influence the effectiveness, equity, and
applicability of different types of heating systems across various settings.

While the study focuses on stakeholders associated with collective heating systems, which
might introduce a potential bias towards the perspectives and technical aspects specific to these
systems, the findings offer valuable insights into the structural, policy, and operational
dynamics that can inform broader discussions about heating systems. The stakeholders
interviewed also have relevant knowledge of individual heating systems, which helps mitigate
this bias to some extent. However, it is important to note that the lived experiences of end-users
of individual systems may not be fully represented.
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Another potential limitation of this study is that it focuses on either individual or collective
heating systems in isolation, rather than considering the combination of both. This may result
in overlooking some unique challenges and opportunities related with energy justice and
individual capabilities for decision-making related with energy. However, such combined
systems were beyond the scope of our work.

4.2.4. Results

We begin this section by outlining the characteristics of individual and collective heating
systems, highlighting their technical and operational differences. This foundational comparison
sets the stage for understanding how these systems shape energy justice considerations.
Afterwards, we present insights from the interviews, identifying the primary capabilities for
energy decision-making, framed through the eight principles of the energy justice decision-
making framework by Sovacool and Dworkin (2015). Building on these findings, the analysis
explores additional or secondary capabilities, offering a deeper understanding of the decision-
making capabilities that households have based on the type of heating system they utilize.

4.2.4.1. Understanding the types of heating systems

Collective Heating Systems. Collective heating systems are characterized by centralization,
enabling economies of scale and enhanced efficiency compared to individual systems. These
systems rely on extensive networks for the efficient transport of energy to end users and allow
for the integration of diverse heat sources (Zach et al., 2019). Their development requires long-
term planning that accounts for future energy needs, urban integration, and advanced
forecasting (Gustafsson et al., 2019). Operationally, they demand continuous management and
monitoring to ensure safety and adaptability to fluctuating demands. Financially, these systems
involve substantial capital investment and ongoing operational cost management, with
ownership typically residing with public utilities or local governments. Expansion feasibility
hinges on dynamic heat load demands and associated economic considerations, alongside
technical viability. Collective heating systems that are owned and operated by local public
authorities, dominate across Europe (Ayrault, 2023). These systems include centralized heat
supply networks, such as district heating systems, energy communities (including thermal
communities), and setups managed by energy service companies that deliver heat to individual
or collective housing units. Here, individual households’ decisions primarily revolve around
their consumption patterns.

District heating systems demonstrate higher efficiency and sustainability scores across
economic and technical dimensions compared to individual systems, as analyzed by Balode et
al. (2021). Their cost-effectiveness and environmental benefits are particularly pronounced in
populated areas with minimal retrofit requirements (Lake et al., 2017). However, sustainability
outcomes depend on factors like the availability and cost of heat inputs, spatial distribution,
and system design (Yu et al., 2024). District heating's potential for global adoption as a climate
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mitigation tool is well-recognized, though significant efforts in planning and implementation
are required (Werner, 2017).

A different type of collective heating system are thermal communities. These thermal
communities, owned and operated by citizens, represent a distinct form of collective heating
system. These citizen-led initiatives, though underexplored, involve high levels of coordination
and engagement, addressing aspects such as leadership, stakeholder roles, and financial
responsibility (Ghorbani et al., 2020; Bauwens, 2019). Despite their promise, these
communities currently occupy a minor market share compared to centrally operated systems.

While natural gas and electricity networks may be considered as collective heating systems,
key distinctions exclude them from this category. District heating systems and thermal
communities often involve municipalities, public entities, and community managers,
emphasizing renewable energy integration, local resource use, and community governance.
These systems align with energy efficiency and decarbonization policies due to their
adaptability to renewable sources like biomass, geothermal, and solar thermal. In contrast,
natural gas networks, being fossil fuel-based, do not support decarbonization goals, making
district heating systems and thermal communities better suited for low-carbon heating
transitions.

Individual Heating Systems. In contrast, individual heating systems are decentralized
solutions operated by households, offering autonomy in selecting, installing, and managing
technologies such as natural gas boilers, biomass systems, heat pumps, and electric heaters
(Sovacool et al., 2021). While this independence allows customization based on preferences
and budget, it requires technical knowledge and financial resources. These systems demand
regular maintenance by users and place the financial burden of installation, operation, and
upkeep on homeowners (Kiihn et al., 2024). However, widespread reliance on individual
systems risks fragmented management and reduced operational efficiency, posing challenges
to achieving broader system-wide benefits. Table 4-7 summarizes the differences between the
individual and the collective heating systems.

Table 4-7: Summary of differences between individual and collective heating systems

Feature Individual scale Collective scale
Biomass, oil derivatives, Natural gas, municipal
Heat source/technology heat pump, natural gas, waste, biomass, oil, heat
electricity pumps, lake-source
Control and operation Decentralized Centralized
Responsibility for management and Individual Central body (e.g. district
maintenance of the system heating operator)
Financial risk borne by Individual Shared

Landlord-Tenant Dilemma. Who needs to invest, and who gets to pay higher bills, stands to
be a common tension point (Dato, 2023). This dilemma affects decision-making barriers in the
built environment, from the adoption of new technologies such as solar PV (Hammerle et al.,
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2023), the introduction and the levels of carbon taxes (George et al., 2023), retrofitting
processes and energy-efficiency measures (Morgan et al., 2024), to the lack of tenants’
influence on technology or energy performance of the homes they live in (Palm et al., 2020;
Ambrose, 2015).

The comparison between the heating systems highlights distinct technical and operational
characteristics as well as their implications for system-wide efficiency and decarbonization.
However, these systems do not operate in isolation from broader socio-economic and policy
challenges. Issues such as the landlord-tenant dilemma underscore how financial
responsibilities and decision-making power can create barriers to equitable heating transitions.
Addressing these challenges requires a deeper understanding of how these technical
arrangements shape energy justice principles. The following section presents insights from the
interviews, structured around Sovacool and Dworkin’s energy justice decision-making
framework (2015), to identify the basic capabilities that households have to improve their well-
being.

4.2.4.2. Understanding energy justice and energy decision-making capabilities

In assessing the energy justice manifestations across individual and collective heating systems,
the results show clear differences across the principles of the energy justice decision-making
framework, each associated with specific advantages and challenges. The differences outline
the influence that technical systems, and more specifically, heating systems, have on energy
justice considerations. The results are presented below according to the principles of the energy
justice decision-making framework.

For example, availability of resources/technologies varies significantly between individual and
collective systems. The interviews showed that individual heating systems offer users a wider
range of choices within their geographical and economic contexts, allowing for tailored
solutions based on personal preference and financial capabilities (DK1DHA; IEIDHC). In
contrast, collective heating systems may inherently be limited by their fixed infrastructures,
often confined to specific locations, where the decision to join the system depends on techno-
economic conditions (CHIDHC; IEIDHC).

Some interviewees argued that differences between individual and collective heating systems
may also be found across the affordability principle, as individual heating systems often require
significant capital and operational investments directly borne by the household (GRIRES;
MK2DHC). Collective systems, while initially capital-intensive, may benefit from economies
of scale that may reduce overall operational costs, spreading financial risks across the system’s
operators rather than individual users.

Another point raised in the interviews relates to the aspect of control and governance.
Individuals enjoy considerable autonomy in managing their heating solutions, which supports
personalized decision-making but also requires a high level of engagement and knowledge
(BEITCR; MK1RES). On the other hand, collective systems are managed centrally, which can
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limit individual choice but enhance governance through professional management, ensuring
efficiency and compliance with broader environmental standards (MK2DHC; DK1DHA).

Differences are also evident among sustainability and equity outcomes, as some of the
interviewees pointed out. Individual systems may allow households to directly influence their
environmental impact through choices around energy resources (GRIRES; IEIDHC).
Collective systems on the other hand leverage centralized management to implement large-
scale efficient practices, potentially reducing environmental footprints more effectively and
fostering intragenerational equity through uniform access to heating services (DE1IDHA;
CHSDHC; DK1DHA).

The following Table 4-8 provides the detailed points raised in the interviews across the eight
principles of energy justice, offering a comprehensive view of how these principles manifest
in different types of heating systems.
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Table 4-8: Comparison of heating systems according to energy justice principles

Energy justice principle

Individual heating systems

Collective heating systems

Availability
(of resources/ technologies)

People can freely choose their heating source/ system within contextual
boundaries®, depending on their preference, financial situation, and
information they have (DK1DHA; IEIDHC)

The availability of the collective heating system is limited to certain
areas, and people cannot join the system if techno-economic

conditions? are not met (CHLDHC; IELDHC)

Affordability
(low cost of energy services,
also for the poor)

Individual systems may have high capital expenditure (CAPEX) or
operating expenses (OPEX), while the financial risk of implementing the
system is fully borne by the individual/ household (GR1RES;
MK2DHC)

Capital expenditure (CAPEX) costs are significant in collective
systems, however due to economies of scale, these systems may have
low operating expenses (OPEX), while the financial risk is borne by
the system’s operator/owner

Due process
(respect due process in
production and use of energy)

People have full control over decisions on choice and operation of the
heat system, within contextual boundaries (BE1TCR; MK1RES)

People have limited to no individual control over decisions on choice
and operation of the system (MK2DHC; DK1DHA)

Good governance
(access to energy information,
accountability and transparency
in decision making)

People require accessible information of the different heating systems to
choose according to their preference and financial situation, as well as
for efficient use of the system (NL1TCR; CH4RES)

The collective system operator/ owner is responsible for providing
access to information and ensuring transparent decision-making
processes (BE2TCR; CH2RES)

Sustainability
(energy resources not depleted
quickly)

The decision on the use of the energy resources rests on the households
(GR1RES; MK2RES)

Collective systems may use local resources such as municipal waste,
or excess heat from different processes (DE1DHA; CH5DHC;
DK1DHA)

Intragenerational equity
(fair access to energy services)

Disparities may arise due to affordability (CH1DHC; MK1RES) and
knowledge of technologies (NL1TCR)

Disparities may be reduced by providing equitable access to the
system (IELDHC; MK2DHC)

Intergenerational equity
(concern for future generations
from today’s energy use)

Individual decision to adopt renewable and highly efficient heat
technologies may decrease the environmental impact of energy use
(GR1RES; IEIDHC)

Collective systems may rely on renewable and highly efficient heat
technologies along with local resources to satisfy the heat demand
(DE1DHA; DK1DHA)

Responsibility
(to protect the environment and
minimize energy-related
environmental threats)

Households bear the full responsibility to protect the environment and
minimize environmental threats (BE1TCR; CH4RES)

The responsibility rests with the collective heating system operator
(DK1DHA; BE2TCR; BE4ATCR)

! Contextual boundaries may include but are not limited to a ban on specific heating technologies in certain areas (such as a ban on geothermal technologies in areas with
protected ground waters (CH1DHC)) or due to incompatibility of the system with the built environment (individual wood stove in a collective housing unit), to name a few.

2 The decision to build or extend an existing collective heating system depends on the techno-economic conditions, meaning that available heat sources, heat loads, and favorable
financial conditions, among other conditions, must be met.
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The framework presented in Table 4 can be analyzed through the lens of the capability
approach, as it underscores the opportunities and freedoms provided by individual and
collective heating systems to households to achieve their thermal comfort. These capabilities
are shaped by the principles of energy justice, revealing how the design and operation of
heating systems influence citizens' abilities to access, afford, and manage heating solutions.

For example, availability reflects the capability to access heating resources. Individual systems
offer greater flexibility in choices, albeit within contextual constraints, while collective systems
are geographically limited by techno-economic conditions. Similarly, affordability highlights
the capability to manage financial risks, with individual systems placing the burden entirely on
households, whereas collective systems distribute financial risks between operators and users,
leveraging economies of scale.

The principles of due process and good governance emphasize capabilities related to decision-
making and access to information. In individual systems, households have full control, while
in collective systems, decision-making is centralized, requiring operators to ensure
transparency and accountability. Furthermore, sustainability and responsibility reveal trade-
offs in environmental stewardship - collective systems may integrate renewable resources and
local waste streams, reducing individual burdens while centralizing environmental
accountability. Lastly, the principles of intragenerational and intergenerational equity illustrate
how access and sustainability are distributed. Collective systems often promote more equitable
access and long-term sustainability through coordinated, centralized design.

Beyond these distinctions in energy justice dimensions which can be viewed as households'
capabilities for energy decision-making, the interviews also highlighted additional decision-
making opportunities that vary depending on the type of heating system. Table 4-9 summarizes
these findings, categorizing capabilities as full, limited, or none based on the unanimity of
interview responses. A capability is classified as "full" or "none" if there is consensus, while
"limited" capabilities reflect divergent views on the matter. As a reminder, energy decision-
making is considered as an overarching term that encompasses more than adopting or operating
technologies or making consumption choices. It also includes actions such as forming or
joining thermal communities, petitioning authorities, voting, protesting, and other forms of
civic engagement aimed at enhancing individual well-being.

Table 4-9: Additional energy decision-making capabilities across different types of heat

systems
Individual energy decision-making capabilities In-d|V|duaI CF)“EC'[IVG
heating systems | heating systems
Join or leave the collective system Limited Limited
Form/join a thermal community Limited Limited
Call for or participate in a referendum Full Full
Organize or join a protest Full Full
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To summarize the results, we follow the framing of the conceptual relationship between energy,
services and outcomes as presented by Day et al. (2016), to present the capabilities we derived
from the results when it comes to achieving or improving households’ well-being or thermal
comfort. More specifically, we define the capabilities presented in Table 4-8 to be primary
capabilities, while we define the capabilities presented in Table 4-9 as secondary capabilities
for energy decision-making that households have.

Figure 4-2: Conceptual relationship between the capabilities for energy decision-making
and achieving thermal comfort

/ Energy decision-making capabilities Households gom

/ Secondarycapabilities: Primary capabilities (based on\
- Choosingthe heat Sovacooland Dworkin (2015)):
source/technology - Availability
- Joinor leave the collective - Affordability
heatlng gystem - Due process Thermal comfort
- Form/joinathermal - Goodgovernance
community - Sustainability
- Callforand/or participate - Intragenerationalequity
in a referendum - Intergenerational equity
\\ - Organize orjoin a protest - Responsibility /

Source: Authors’ own work

An important point that needs to be emphasized is that the capabilities are highly dependent on
the context. This means that the results may vary across the eight countries that were included
in the data collection. Moreover, not all capabilities that are presented in table 5 are found
across the eight countries. Therefore, the table should not be considered to provide results that
can be generalized across Europe, nor within the eight countries. Instead, the table provides the
possible capabilities that were determined across the limited number of interviews.

4.2.4.3. Efficiency concerns

In addition to differences in energy justice and decision-making capabilities, the interviews
highlighted technical and coordination challenges associated with the implementation and
operation of individual and collective heating systems. These concerns, while not directly tied
to justice issues, play a critical role in the broader evaluation of system efficiency and
sustainability.

Individual heating systems tend to have lower overall efficiency compared to collective
systems. System efficiency encompasses the production, supply, and consumption of energy
and is closely tied to the operational practices of the heating system. In decentralized setups,
efficiency is influenced by personal preferences, practices, and varying levels of information
among users. This can result in inefficient operation and maintenance, as the responsibility for
these tasks lies solely with households, leading to a lack of standardized, centralized strategies
to enhance system performance (MK2DHC).

65



In contrast, collective heating systems benefit from centralized operation and maintenance,
which contributes to higher system efficiency. For instance, district heating systems are
managed by operators who continuously monitor and balance heat production and consumption
to optimize system performance. The centralized structure enables coordination by skilled
professionals, ensuring consistent maintenance and efficient exploitation of resources. This
combination of technical design and professional oversight makes collective systems
inherently more efficient than their individual counterparts (MK2DHC).

However, the higher efficiency of collective systems can be undermined if households are
permitted to exit the system without constraints. Several interviewees emphasized that the
ability of households to leave collective systems, such as district heating networks, poses risks
to system efficiency and cost stability. In some cases (e.g., DK1DHA, CHIDHC, CH3DHC,
IE1DHC), mechanisms are in place to impose conditions or constraints on households seeking
to leave the system, safeguarding efficiency and preventing cost increases for remaining users.
In other cases (e.g., MK1RES, MK2DHC), no such conditions exist, potentially jeopardizing
the system's overall performance.

Ultimately, decisions about remaining in or leaving a collective system, as well as choices
regarding heating technologies, are often driven by cost considerations. As noted by
interviewees from various contexts (e.g., BEITCR, BE3TCR, IEIDHC, NLITCR, MKIRES,
MK2DHC, CH2RES, CH4RES, CH6TCR), heating costs are the primary concern for
households and the most influential factor shaping their heating-related decisions.

4.2.5. Discussion and implications

In this discussion, we refer to a 'just heating transition' as defined in the introduction section. It
is important to acknowledge that there is no singular, universally 'just' transition pathway.
Instead, justice in the heating transition should be understood as context-dependent, shaped by
local governance structures, social conditions, and technological arrangements. Our focus is
not on the organization of the transition itself, but rather on the implications of heating systems
on justice considerations and their ability to meet the diverse needs of communities in a fair
and equitable manner. Importantly, the transition is not a static goal but an ongoing process
addressing technological, social, and economic dimensions inclusively. Viewing it as a process
means embedding the justice principles throughout, adapting to evolving challenges and
fostering equitable, sustainable outcomes.

As this is an exploratory study, no generalizations across and within the countries can be made,
especially due to the different context-specific policies in place. Therefore, to understand how
energy justice and citizen capabilities for energy decision-making differ between individual
and collective systems across different contexts, we compared the two types of heating systems
by adopting the eight energy justice principles put forward by Sovacool and Dworkin (2015).
We determined primary and secondary capabilities for individual energy decision-making that
households have within the two types of heating systems. The results raise important issues for
realizing a just heating transition that we discuss below, according to the primary and secondary
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capabilities for energy decision-making, which we developed by following previous studies
such as Day et al. (2016), Lee et al. (2021), and Hillerbrand and Milchram (2021). The
implications of this study are presented across the energy justice principles at the end of this
section.

4.2.5.1. Primary capabilities for energy decision-making

Availability, intergenerational equity and sustainability. The results highlight the capability
of households to access reliable and environmentally sustainable heating resources through
collective heating systems. By utilizing local heat sources, such as municipal waste incineration
or waste heat from production processes and IT equipment, collective systems provide
opportunities that are typically unavailable to individual households (DK1DHA; IE1IDHC;
CHI1DHC; CH2RES; CH4RES; CH5DHC). These sources, which are viable at a larger-than-
individual scale, enable households to benefit from the externalities of local activities,
including waste heat recovery or municipal waste management, without requiring them to
manage or invest in these processes individually.

By incinerating municipal waste to generate heat (or combined heat and power in cogeneration
plants), collective systems enhance the capability of households to participate in sustainable
energy practices. This approach not only ensures a steady supply of energy but also helps
mitigate environmental challenges, such as reducing landfill waste (Sikder et al., 2024). Thus,
households contribute to and benefit from broader sustainability goals without bearing the
direct logistical and environmental responsibilities. These capabilities - accessing shared
resources, reducing environmental impacts, and contributing to long-term sustainability, are
made possible by the centralized and collective nature of these systems.

Affordability and intragenerational equity. In the context of the heating transition, both
individual and collective heating systems aim to meet households' thermal comfort needs, but
their affordability depends significantly on households' capabilities. The efficiency and
operational costs of these systems are influenced by factors such as individual decisions and
contextual conditions. Collective heating systems, in particular, benefit from economies of
scale, which can reduce costs for households by distributing expenses across a larger user base
(Zach et al., 2019). However, their cost-effectiveness also relies on factors like the spatial
distribution of the region, as highlighted by Yu et al. (2024), making geographic and
infrastructural considerations critical.

Considering that costs are a decisive factor in heating choices (BE1TCR; BE3TCR; IEIDHC;
NLITCR; MKI1RES; MK2DHC; CH2RES; CH4RES; CH6TCR), households’ capabilities to
manage heating expenses play a critical role. Interviews revealed significant concerns about
energy poverty (GRIRES; MK 1RES), with participants emphasizing how rising electricity and
gas prices in recent years have strained budgets, forcing households to seek alternative heating
solutions. This aligns with findings from Gordon et al. (2023), which highlight the financial
pressures driving such shifts. Households' capabilities to adopt specific heating systems depend
on their financial capacity to handle both capital expenditures (CAPEX) and operational
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expenditures (OPEX). For example, renewable energy-based systems like solar thermal or
efficient heat pumps have higher CAPEX than wood stoves but generally offer lower OPEX.
Without supportive policies, households with limited resources may struggle to adopt these
technologies, creating a gap between the needed uptake rates for decarbonized heating and
actual adoption. This financial barrier not only hinders the transition to low-carbon solutions
but also risks deepening energy poverty, a growing concern across Europe (Collins, 2023;
Elissaiou, 2023).

Collective heating systems can play a vital role in enhancing households’ capabilities to avoid
and recover from energy poverty. By leveraging economies of scale, these systems can be
designed to address the needs of energy-poor households through mechanisms such as
subsidized or reduced heating costs, ensuring equitable access to thermal comfort. As energy
poverty often overlaps with broader issues of poverty, integrating collective heating systems
into social housing developments can provide a dual benefit, addressing both energy and
housing needs (IEIDHC). The sharp increase in natural gas prices in recent years exemplifies
how external shocks can strain households’ capabilities to maintain stable heating. In North
Macedonia, the government nationalized a private district heating company to shield citizens
connected to the system from financial shocks, ensuring stable service and steady costs
(MKIRES; MK2DHC). This intervention highlighted the potential of collective systems to
protect vulnerable households by enhancing affordability and stability. However, such targeted
interventions also raise concerns about distributional energy justice. In this case, governmental
support was exclusively directed toward households connected to the district heating system,
leaving others reliant on individual systems without similar protections. This disparity
underscores the importance of designing collective systems and policies that enhance
capabilities equitably, ensuring that interventions consider all affected households to avoid
exacerbating existing inequalities.

Furthermore, insulation and retrofitting of buildings is crucial for reducing carbon emissions
and preventing future carbon lock-ins (Kaandorp et al., 2022). However, the high costs of these
interventions can limit households’ capabilities to invest in energy-efficient upgrades,
exacerbating energy poverty for those unable to afford the initial capital expenditures. This
issue is further complicated by the split incentives between landlords, who may be reluctant to
invest in energy-efficient upgrades, and tenants, who are often responsible for energy bills but
lack the authority or resources to make significant changes to the property. These concerns are
pointed out through the landlord-tenant dilemma, especially in terms of the adoption of
renewable energy technologies (Hammerle et al., 2023) and the need for urgent government
investments in retrofitting to alleviate energy poverty (D’ Alpaos and Bragolusi, 2021). That is
why, for example, Greece is providing subsidies to energy poor citizens (GR1RES), while
Switzerland is providing financial support to individual households that want to switch to and
utilize individual heating systems based on renewable energy, considering the higher CAPEX
associated with these systems (CHIDHC). Such activities align with the literature, as Domenig
et al. (2024) outline the need for diverse support measures that may span from incentives to
adopt new technologies, to subsidies for renovation and retrofitting, considering that energy
retrofits play a key role in decarbonizing heat (D’Alpaos and Bragolusi, 2021). Supporting
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mechanisms are also needed across different types of housing tenures, such as the non-profit
housing or the social housing sector, considering the slow rollout of energy efficiency and
renovation measures (Filippidou et al., 2016) despite the tenants being attracted by decreased
costs and enhanced comfort (Liu et al., 2023).

Due process, good governance and responsibility. Households’ capabilities to influence
decisions and ensure accountability in heating systems vary significantly depending on the
ownership and operational structure. In operator-owned and controlled systems, centralized
management eliminates coordination challenges commonly found in citizen-owned thermal
communities, such as disagreements over technology choice, financing, and system operation.
While this enhances operational efficiency, it may limit households’ capabilities for democratic
participation in decision-making, raising procedural justice concerns. These findings are
supported by the study of Knox et al. (2022) related to (in)justices of local energy systems, and
by Lacey-Barnacle (2020) regarding the procedural (in)justice related with non-recognition and
exclusion from consultation.

Households connected to collective heating systems also face trade-offs between individual
autonomy and collective responsibility. For instance, households can choose to leave a district
heating system without administrative or time constraints in some contexts, but such individual
actions can reduce system-wide efficiency and increase costs for remaining users (MK1RES;
MK2DHC). This raises questions about balancing individual capabilities with collective
system performance. By contrast, in other contexts, constraints on exiting collective systems
safeguard efficiency. For example, households in Denmark and Switzerland must coordinate
their exit with the operator, often requiring years of notice or payment of collective mortgages
(DK1DHA; CHIDHC; CH3DHC; IE1DHC). These constraints highlight a trade-off: while
limiting individual flexibility, they ensure the system operates efficiently for all connected
users.

Housing type further shapes household decision-making capabilities. In collective housing
units, decisions often require majority consensus, but renters face structural barriers to
implementing changes, as decisions rest with property owners (CHIDHC; CH3DHC). This
limitation aligns with literature that identifies renters as having diminished capabilities to
influence technological choices (Palm et al., 2020; Ambrose, 2015). By contrast, households
in individual housing units retain greater autonomy to opt for sustainable alternatives, such as
switching to individual heating systems, provided technical and financial conditions allow.

Collective heating operators also attempt to balance efficiency with household autonomy by
providing conditional opt-out options. For instance, in Belgium, citizens are given a period to
explore alternatives before signing a 10-year commitment contract with a collective system
operator, ensuring they make an informed choice (BEITCR). Such systems leverage
economies of scale, efficient technologies, and supportive policies to maintain low costs,
making it unlikely for households to opt out. These findings are in line with Balode et al.
(2021), who emphasize the cost-efficiency of collective heating systems, however it must be
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emphasized again that the context-specific policies play a significant role, including the spatial
distribution of the built environment, as shown by Yu et al. (2024).

4.2.5.2. Secondary capabilities for energy decision-making

The findings illustrate various forms of citizen engagement that directly influence the energy
transition, aligning with the findings of Wahlund and Palm (2022) and Chilvers et al. (2021).
These engagements reflect households' capabilities to participate in and shape energy systems,
affecting both immediate operations and long-term strategies. For instance, citizens connected
to collective heating systems may enhance their decision-making capabilities by taking an
active role in governance. By running for a seat on the board of a local district heating company,
citizens can directly influence operational decisions, such as system efficiency and
maintenance, as well as strategic decisions, like long-term investment in sustainable
technologies (DK1DHA). This direct involvement enhances procedural justice by ensuring
citizens have a say in shaping systems they rely on. Another form of engagement is citizens’
capability to influence energy policy through voting, which can reshape technical systems and
expand household options. In Switzerland, for example, a citizen vote on more ambitious
climate policies prompted local governments to reduce the supply of natural gas over time
(CHIDHC). This decision, driven by collective citizen action, led to the planned
decommissioning of natural gas infrastructure, enabling households to transition to more
sustainable heating solutions. However, this shift also highlights the need for adequate
electricity supply to meet increased demand, underscoring the interconnectedness of technical
systems and households’ capabilities to adopt sustainable technologies.

The results suggest that in some contexts, citizens with individual heating systems may enhance
their capabilities by forming or joining thermal communities, which is also suggested by
Radtke et al. (2022). In the quest for decreased heating costs through renewable and low-carbon
energy technologies, citizens living in individual housing units may decide to form or join a
thermal community, therefore achieve economies of scale in production with highly efficient
technologies and decrease their heating costs. After banding together as a cooperative
(BE3TCR; BE4ATCR; NL1TCR; CH6TCR), citizens task an energy service company to deliver
and operate the heating system, making the thermal community an operator-controlled one. In
certain cases, citizens may involve the energy service company from the initial phase of the
project, leaving the financing considerations along with the operation of the system in the hands
of the energy service company (BE1TCR; BE2TCR), which outlines the thermal communities
which are not only operator-controlled, but also operator-owned.

4.2.5.3. Implications for realizing a just heating transition

To ensure the heating transition supports broader societal goals of inclusivity, environmental
sustainability, and justice, it is essential to improve citizens’ capabilities across all eight energy
justice principles. By framing these principles as actionable capabilities, policy interventions
can empower households to make informed decisions, participate equitably, and access
sustainable energy solutions.
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Availability as a capability can be improved by ensuring that households have access to reliable
and sustainable heating options. Collective heating systems, which leverage economies of scale
and integrate local resources like municipal waste incineration and industrial waste heat,
expand this capability. Policies that incentivize the development of such systems and their
integration with renewable technologies can make low-carbon heating solutions more widely
available, particularly in underserved areas.

Affordability is central to enabling equitable participation in the transition. Subsidies and cost-
sharing mechanisms in collective systems can stabilize heating expenses, reducing the financial
burden on households, especially those at risk of energy poverty. Expanding financial support
for retrofitting and renewable heating technologies for individual systems, along with targeted
interventions for low-income households, ensures all citizens can access affordable solutions.
This approach reduces disparities between households relying on collective versus individual
systems.

Due process and good governance capabilities must be strengthened to promote inclusive and
transparent decision-making. Citizens need greater opportunities to influence the operation and
governance of collective systems, such as running for board positions or participating in policy
votes. Transparent and inclusive processes ensure that citizens' voices are not only heard but
actively shape decisions, fostering procedural justice and a sense of ownership. For example,
enabling renters and other marginalized groups to participate meaningfully in governance
structures can address long-standing barriers to decision-making.

Sustainability as a capability depends on ensuring households can contribute to and benefit
from the transition to low-carbon systems. Collective systems are well-suited for integrating
renewable resources and reducing fossil fuel reliance. However, as demonstrated in
Switzerland, transitioning from natural gas requires careful planning to secure alternative
supplies and address the social acceptance of new technologies. Policymakers must ensure that
sustainability goals are met without compromising energy availability or affordability for
households.

Intragenerational equity can be advanced by reducing disparities in energy access and costs
between different socioeconomic groups. Collective systems must be designed to serve all
households equitably, with specific provisions such as subsidized rates or tiered pricing for
low-income and vulnerable populations. Policies that support energy retrofits and renewable
heating adoption across diverse housing types, including rental properties, can bridge existing
gaps and ensure that no group is disproportionately burdened.

Intergenerational equity requires embedding long-term sustainability into current decision-
making processes. Investments in durable, low-carbon heating infrastructure ensure that future
generations inherit systems that are efficient, equitable, and environmentally sustainable. This
capability also requires planning for resilience to climate and energy supply challenges,
ensuring that the benefits of today’s decisions extend well into the future.
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Responsibility as a capability involves empowering households to participate in collective
environmental stewardship. By centralizing resource management in collective systems,
households can indirectly contribute to sustainability goals, such as waste-to-energy initiatives,
without bearing individual logistical burdens. For individual systems, incentives for adopting
renewable technologies can enable households to take direct responsibility for reducing their
environmental footprint.

To achieve these improvements, policies must prioritize context-specific solutions, tailoring
interventions to local social, economic, and geographic conditions. Regulatory frameworks
should balance individual autonomy with collective efficiency, ensuring that households have
the freedom to make informed choices while protecting the broader system’s sustainability. By
enhancing citizens’ capabilities across all eight energy justice principles, the heating transition
can be both inclusive and equitable, fostering a future where all households can actively
participate in and benefit from the transition.

4.2.6. Conclusion

This paper explores the complexities, differences, and trade-offs between individual and
collective heating systems through the lens of energy justice and citizen capabilities for energy
decision-making across eight European countries. The findings provide valuable insights into
how technical systems shape justice considerations by influencing households' capabilities for
energy decision making, highlighting their role in enabling or limiting a just heating transition
and the trade-offs inherent in balancing equity, efficiency, and sustainability. Building on
previous studies, including Day et al. (2016), Lee et al. (2021), and Hillerbrand and Milchram
(2021), we identified distinct capabilities for energy decision-making that households possess
across different types of heating systems. This work highlights the capabilities that households
have to enhance their well-being, which is defined as their thermal comfort. Additionally, we
outline the broader implications of these findings for advancing a decarbonized and equitable
heating transition.

This exploratory study suggests that collective heating systems, despite limiting individual
decision-making capabilities, may present significant advantages in terms of efficiency,
environmental impact, and affordability. The centralized management and economies of scale
that are inherent in these systems may facilitate the integration of local renewable energy
sources, thereby contributing to broader decarbonization goals. Moreover, the potential for
collective systems to safeguard vulnerable populations from energy poverty issues strengthens
their role in advancing distributive justice.

On the other hand, the results show that individual heating systems may enable greater
autonomy and control to households, allowing them to adapt the energy solutions to their
personal preferences and financial situations. However, this decentralization can lead to
fragmented and uncoordinated efforts with possible inefficient operation and management of
the heating systems, which can lower the overall system efficiency and challenge the pace of
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the heating transition. From the financial point of view, the increased cost of sustainable heating
technologies can exacerbate existing inequalities, which can particularly burden low-income
households.

Key implications for realizing a transition that supports broader societal goals related to
inclusivity, environmental sustainability and justice include the need for supportive policies
and interventions that address energy poverty and affordability of the costly renewable energy
technologies, the expansion of collective systems together with the regulation of citizen
participation to maintain system efficiency. Also, the promotion of good governance through
transparent and inclusive decision-making processes along with the prioritization of renewable
energy and low-carbon heating technologies coupled with insulation and retrofitting activities
must be prioritized, with a focus on integrating local renewable energy sources and reducing
reliance on fossil fuels.
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Evolving roles and shared futures:
Challenges and visions for Switzerland’s electricity sector transition

Abstract

The transition to a low-carbon electricity system is reshaping the roles of system operators and
stakeholders across the electricity sector, requiring not only technological advancements but
also alignment across social, regulatory, and institutional dimensions. This paper investigates
the shared and divergent visions of the future electricity grid among key stakeholders in
Switzerland, including TSOs, DSOs, policymakers, and energy companies, using the socio-
technical imaginaries (STI) framework.

Through semi-structured interviews, the study highlights challenges such as coordination
between system operators, regulatory uncertainties, and the evolving roles of DSOs amidst the
rise of RES, DERs, and energy communities. The findings emphasize the importance of
enhanced TSO-DSO collaboration, coordinated investments in grid modernization, and tailored
support for energy communities to ensure grid reliability and accelerate the energy transition.

By expanding the understanding of socio-technical dynamics, this research provides a holistic
perspective on Switzerland’s electricity sector transformation, offering actionable insights for

achieving decarbonization and energy security goals.

Keywords: energy transition, socio-technical imaginaries, TSO-DSO coordination, energy
communities

75



4.3.1. Introduction

Replacing carbon-intensive technologies with renewable energy sources (RES) is a critical
component of the energy transition for tackling the challenges of climate change. However, the
integration of the renewable energy technologies to the electricity grid, along with the
integration of distributed energy resources (DER) such as energy storage and electric vehicles
(EV), challenges the capability of the electricity grid to accommodate the physical connection
of these technologies and to maintain the balance between generation and demand (Ruwaida
et al., 2022). The electricity grid is a vast and interconnected technical network that includes
the generation, transmission, distribution and consumption of electrical power. High-voltage
transmission lines connect generation sites to different regions, and this transmission part of
the grid is the backbone of the system and includes substations, transmission towers, and high-
voltage lines that move electricity across large distances (Melhem, 2013). Once electricity
reaches its destination, it enters the distribution system, where voltage is reduced to lower
levels and is distributed to homes, businesses, and industries.

Ensuring grid stability and the supply-demand entails addressing challenges such as congestion
management and voltage regulation, which requires real-time coordination between
transmission system operators (TSOs), responsible for high-voltage networks, and distribution
system operators (DSOs), managing local lower-voltage grids. As the energy transition entails
an increased integration of RES and DERs with intermittent production profiles, seamless
coordination between electricity system operators to maintain the supply-demand balance is
crucial for maintaining uninterrupted electricity supply (Uzum et al., 2024). This coordination,
including data exchange on grid conditions and demand forecasts, ensures the efficient
transmission and distribution of electricity from both centralized power plants and
decentralized sources, ensuring the supply-demand balance. This TSO-DSO coordination may
be improved through flexibility options like demand response and distributed storage,
optimizing grid operations, minimizing costs, and supporting the shift toward a decentralized
and sustainable energy system (Uzum et al., 2024).

In Europe, certain policy focus has been placed on grid-connected social innovations that rely
on RES and DERs, including prosumers and energy communities (ECs) (Campos and Marin-
Gonzalez, 2020), mainly through the ‘Clean energy for all Europeans package’ (European
Commission, 2024b). The growing integration of grid-connected entities, such as RES and
DERs, is compelling established system operators to redefine their roles, transforming
electricity grids from unidirectional systems focused on centralized power delivery to dynamic,
decentralized networks. The resulting bidirectional power flows, flexible consumption
patterns, and intermittent production profiles from the integration of RES and DERs to the grid
demand new operational and grid control models (Piano and Smith, 2022), as well as
supportive policies that enable the adaptation of operators’ roles. Facilitating the integration of
RES would benefit from improved coordination between TSOs and DSOs, including the
adoption of advanced control technologies and strategies to help maintain stability across all
voltage levels. Additionally, enhanced coordination in grid modernization efforts and
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investments, supported by transparent, predictable, and coherent policy adjustments, could play
a significant role (European Federation of Local Energy Companies — CEDEC et al., 2015).

Successfully navigating these complexities requires not only operational adjustments but also
a shared or closely aligned vision for the future electricity system among diverse stakeholders
in the electricity sector, including policymakers, energy companies, and grid operators. These
visions, understood as subjective understandings of a desirable future energy system, play a
crucial role in enabling the alignment on key aspects of the energy transition, thereby
accelerating the implementation of low-carbon solutions (Schmid et al., 2017). The study by
Ford and Hardy (2020) that involved experts from academia, government, energy companies
and other areas highlighted the importance of aligned visions for achieving a net-zero
electricity system. A different study which focused on the Finnish electricity system across the
production, network, and consumption sides underscored the benefits of having an agreement
among different stakeholders on the implementation activities related with fulfilling national
energy goals (Toivanen et al., 2017). Schmid et al. (2017) focused on the visions in the German
electricity sector and its transition, outlining the different preferences held across the sector
related to the system structure — centralized or decentralized, and the type of actor in the
electricity system — an incumbent or a challenger. By conducting interviews with stakeholders
that have different roles and responsibilities in the electricity sector including the TSOs, DSOs,
and energy companies, Schmid et al. (2017) found vastly heterogeneous preferences for the
German energy transition, signaling the need for public discourse on norms and values to
accelerate institutional reforms for the energy transition of the country.

This paper seeks to contribute to the literature by offering a sector-wide perspectives of the
challenges and opportunities involved in shaping Switzerland’s future electricity grid. Taking
Switzerland as a case study, the paper highlights the country's energy transition commitments
and the distinct characteristics of its electricity sector. These include a highly fragmented
structure with over 600 DSOs (Lonergan and Sansavini, 2022), nearly 200 energy cooperatives
(Schmid et al., 2022), and a new energy law, effective in 2025, that formally recognizes local
energy communities (ECs) as active participants in the grid (SFOE, 2024). This complex
landscape demands effective coordination between DSOs, the TSO, and emerging ECs, with
aligned visions for the future grid being critical to success. Misalignment could undermine the
objectives of Switzerland’s Energy Strategy 2050, such as the nuclear phase-out and the need
for massive expansion of renewable energy (Mohajeri et al., 2019).

To explore the different visions held across the Swiss electricity sector, we adopt the concept
of socio-technical imaginaries (STIs) (Jasanoff and Kim, 2009), which examines collectively
imagined futures that guide the evolution of socio-technical systems, including electricity
grids. This concept enables us to understand how different stakeholders envision and shape the
sector’s transformation by considering the technical, social, and institutional dimensions of the
electricity sector. By analyzing these visions, we gain insights into how they shape the design,
governance, and development of the electricity grid, while also identifying barriers that may
hinder the realization of a shared vision for Switzerland's electricity system.
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With this research, we address a critical gap in understanding the actors driving energy
transitions and the institutional contexts in which they operate - factors often overlooked in
quantitative and techno-economic modeling studies (Schmid et al., 2017). Additionally, we
contribute to the understanding of diverse visions for the future electricity grid across the Swiss
electricity sector. As no prior study has explored sector-wide visions for Switzerland's future
grid, we aim to identify areas of alignment among different stakeholders and offer
recommendations to support the country's energy transition. To address this, we pose the
following research question:

To what extent do stakeholders in Switzerland’s electricity sector share a common or a
different vision for the future electricity grid, and what are the key cross-sectoral
challenges that must be addressed to realize this vision?

This paper is structured as follows. The second chapter provides the literature review, focusing
on the operational challenges of system operators, the Swiss energy context and its electricity
sector specifically, as well as the theory related to socio-technical imaginaries. Chapter three
details the methodology, followed by the results presented in chapter four. Chapter five
provides the discussion and contributions followed by the conclusion and policy implications.

4.3.2. Literature review
4.3.2.1. Operational challenges of system operators

System operators who manage and operate the different voltage levels of the electricity grid
are tasked to ensure a balance between supply and demand by considering different energy
technologies that inherently have different operational characteristics such as intermittency,
load profiles, and ramp up periods. As DERs are usually integrated in low and medium voltage
grids (Caballero-Pefia et al., 2022), distribution system operators (DSOs) who operate these
grid levels are the main stakeholders of the electricity sector that are and will continue to be
challenged by the integration of these technologies. Integrating technologies with different
operational characteristics puts significant pressure on DSOs to ensure management,
coordination, planning and investment decisions in order to fulfill the technical requirements
of the grid and ensure reliability, quality, and uninterrupted supply of electricity (Alvarez-
Herault et al., 2022). Aside from managing the increased share of DERs, social innovations
such as energy communities and cross-sector electrification (such as the electrification of the
heating and the transport sectors) further challenge the traditional role of the DSO (Venegas et
al., 2021). Due to the technological developments that increase the operational complexity of
the grid, including the balancing of supply and demand from technologies with varying
operational characteristics, the traditional role of the DSO of guaranteeing distribution capacity
to bring power to final consumers (Silva et al., 2021) evolves to become an engaged, flexible
stakeholder in the system (Ochoa et al., 2016), as well as integrator of various intermittent
DERs.
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The increased share of RES in the electricity grid and the evolving role of the DSO also poses
challenges to the transmission system operator (TSO) role, an entity in charge of managing the
high voltage grid to which the DSOs are connected. To ensure that the entire power system is
operated efficiently in terms of balancing, congestion and voltage controls, the coordination
between the TSO and the DSOs is crucial (Ruwaida et al., 2022; Givisiez et al., 2020). Such
coordination relies on accurate information derived from all grid voltage levels, to guarantee
efficient system operation and dispatch of DERs and controllable network assets (Givisiez et
al., 2020). Moreover, the TSO-DSO coordination is necessary to utilize flexibility of electricity
production and consumption to meet the grid operation goals (Attar et al., 2024). Burger et al.
(2019) argue that the TSO-DSO coordination covers various topics, including congestion
management and investment viewpoints, while Eurelectric (2024) stresses the need for
anticipatory investment forecast coordination between the DSOs and the TSO to ensure the
efficiency and effectiveness of the entire electricity system and reach the decarbonization goals.

Considering that grid modernization (upgrading the physical infrastructure to increase
capacities and integrate smart technologies and controls that communicate and work together
to deliver electricity reliably and efficiently) is imperative in managing the grid successfully
and ensure predictability and controllability at the distribution level (Rossi et al., 2022),
coordination in the investments for the grid modernization stands to be crucial for expanding
DERs and maintain grid stability. Coordinated investments in grid modernization can help
optimize financial resource allocation, ensuring that technical upgrades align with cross-
sectoral long-term goals and maximize the benefits of distributed energy resources (DERs)
integration. To achieve this, CEDEC et al. (2015) outline the need for transparent, predictable
and coherent changes in policies and regulatory frameworks to reduce inefficient investments
that may hinder the electricity sector transition.

The establishment of ECs have gained a strong policy focus, mainly through the ‘Clean energy
for all Europeans package’ as Citizen Energy Communities (CEC) and Renewable Energy
Communities (REC) (European Commission, 2024c). Although thought of as a necessary
means for decarbonization, ECs can also negatively impact the system they are integrated in.
According to Dimovski et al. (2023), ECs expansion is associated with higher energy losses,
worsened voltage profiles, and increased loadings of the grid, as well as energy generation
fluctuations, resulting in a mismatch between local generation and consumption patterns. Also,
ECs may import more electricity from the grid, posing a negative grid impact, while at the
same time, due to the low correlation between demand and PV generation, ECs may require a
storage technology to increase their self-consumption (Berg et al., 2024), further increasing the
overall grid operation costs.

On the other hand, ECs may still provide grid balancing services, especially in terms of
frequency regulation, under certain energy dispatching management strategies (Barone et al.,
2023). Moreover, ECs with flexible assets may balance power peaks production or loads, thus
preventing the overloading of the grid (Sudhoff et al., 2022). Regardless of whether ECs help
in alleviating or complicating the congestion issues in the grid, the crucial underlying activity
is the balancing and coordination activities with the respective DSO, challenges which are
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ultimately imposed on and should be performed by the DSO. This is especially significant in
Switzerland, given the high number of DSOs and the potential for energy communities to
expand under the new energy law. The following section explores the current state of
Switzerland's electricity sector and the anticipated transformations that are likely to influence
the coordination dynamics between system operators.

4.3.2.2. The Swiss energy context

Switzerland is undergoing a significant transformation of its energy system. The new
Electricity Act (Mantelerordnung) passed by a popular vote in 2024 advances the existing
Mergers for self-consumption (Zusammenschluss zum Eigenverbrauch, ZEV), and recognizes
Local electricity communities (Lokale Elektrizititsgemeinschaften, LEG) as entities that can
market their self-generated electricity through the public grid in the district or municipality
(SFOE, 2024), a concept fully aligned with EU’s Citizen Energy Community (CEC) and
Renewable Energy Community (REC) (European Commission, 2024c¢). The potential uptake
and expansion of local electricity communities may pressure the coordination among the
system operators and the ECs, considering that Switzerland has a highly decentralized
electricity supply, with more than 600 DSOs and one TSO (Swissgrid). The country is unique
in terms of absolute number of DSOs and the varied number of customers served by these
DSOs, ranging from few hundreds to several thousands, while DSOs can take the form of
municipal utilities, co-ops, limited companies, or public sector institutions (Longergan and
Sansavini, 2022). Moreover, the DSOs are not functionally unbundled from electricity retail
(Raemy, 2015) when it comes to the supply of electricity to households, meaning that
households cannot choose an alternative supplier other than the local DSO. In other words,
households are not part of the liberalized market, which means that they cannot choose their
electricity supplier.

Given the country’s unique federalist structure where cantons and municipalities have key roles
in implementing and shaping energy policies (Schmid et al., 2022), effective coordination
becomes even more critical, especially as the energy landscape continues to evolve. The need
for increased TSO-DSO coordination in Switzerland is emphasized by Evrenosoglu et al.
(2022) when it comes to addressing current and mid-term challenges. These challenges are
varied and include the dynamic and stochastic profiles from increasing RES and DERs
capacities across the grid, considering the intermittent generation profile of these technologies.
Furthermore, the decreased generation from conventional power plants which is also related
with the closing of the nuclear powerplants, and a potentially reduced transfer capacities from
neighboring European countries, provide significant challenges in terms of TSO-DSO
coordination activities. Even though the current coordination among these stakeholders is
deemed adequate, Hemdler (2020) recognizes the potential for improved collaboration in the
future between the TSO, the DSOs, and the customers that have flexible assets (energy
technologies that can adjust power supply or demand), to procure reserve power and maintain
the security and reliability of the network operation (Hemdler, 2020).
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The new Electricity Act is in line with the national Energy Strategy 2050 that outlines the net-
zero GHG emissions target by 2050 (Stermieri et al., 2024), by reducing energy consumption,
increasing the share of RES in the energy mix, and closing down its nuclear power plants (Plum
et al., 2019). The country also aims to reduce the GHG emissions in both the heating and the
transport sector by promoting the use of electricity-based technologies such as heat pumps and
electric vehicles (Riidistili et al., 2022). In 2023, these nuclear power plants accounted for
32.4% of the total electricity production of the country, followed by hydropower (56.6%), other
RES (8%) and the rest 3% going to thermal power plants and cogeneration (SFOE, 2023).

To fill in the gap from the nuclear phase out, Lonergan and Sansavini (2022) argue that solar
PV production is expected to have a significant contribution, since this technology has a strong
annual generation potential. In the last few years, alpine solar PV production is being heavily
promoted, due to solar irradiation differences between the lower altitude parts of the country
and the Alps (Pukan et al., 2024). For this reason, the Swiss Federal Council introduced support
instruments for solar PV production, placing particular focus on alpine PV systems, due to their
importance for winter electricity production (SFOE, 2022). The expansion of solar PV across
the country is further strengthened by the public preferences for the Swiss electricity system
after the nuclear phase out. A choice experiment study on a representative survey by Plum et
al. (2019) found that solar energy, built in existing industrial and commercial areas, has a strong
public preference in Switzerland.

To navigate these challenges and achieve the goals of Switzerland's national energy strategy, it
is essential to assess how the various stakeholders across the electricity sector align their
visions for the future grid. These visions relate to the stakeholders’ subjective understandings
and expectations regarding the electricity grid of the future related with the uptake of
technologies including RES and DERs, the continuous integration of grid-connected entities,
the technical and governance possibilities as well as the role of policy and any potential barriers
for reaching the net-zero goals. While the current TSO-DSO coordination is deemed adequate,
the evolving landscape shows certain potential for improved coordination, which is key for
managing grid stability, optimizing resource allocation, and ensuring the security of supply,
especially as the country progresses with its electricity sector transformation.

Understanding how stakeholders across the electricity sector envision and plan the future grid
is essential for identifying synergies and addressing potential misalignments and barriers, as
highlighted by Ford and Hardy (2020). This is particularly relevant for Switzerland, given the
large number of actors in its electricity sector and the significant transformations required to
adapt the grid to the upcoming changes required by the national energy and climate goals.
Identifying potential barriers, accelerating the transition, and aligning visions for the future are
critical steps in this process. To analyze the diverse perspectives within the sector, we draw on
the concept of socio-technical imaginaries (STI). The STI concept offers a lens for examining
how collective and shared visions of the future influence the transformation of socio-technical
systems (Jasanoff, 2015), such as the electricity grid. The following section delves deeper into
this concept and its relevance for understanding the visions shaping Swiss energy transition.
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4.3.2.3. Socio-technical imaginaries

The concept of socio-technical imaginaries (STI) enables the analysis of diverse envisioned
futures within socio-technical systems (Schmid et al., 2022). Unlike traditional methods such
as scenario planning or techno-economic modeling, which focus on technical and financial
feasibility and policy-bound targets, STI explores beliefs, values, practices and cultures
shaping collective visions (Rudek, 2022). This makes STI especially suited for understanding
how stakeholder perspectives, rooted in societal and institutional contexts, influence socio-
technical transformations. The STI concept offers an open and interpretive approach,
accommodating intangible dimensions like governance preferences, individual norms and
beliefs, senses of efficacy and societal values that are often overlooked in quantitative methods.
As Schmid et al. (2017) highlight, while the techno-economic feasibility for low-carbon
transitions is well-modeled, implementation remains challenging due to conflicting visions of
desirable futures.

The STI concept complements techno-economic modeling by expanding the design space of
what is considered possible. It encourages a broader exploration of alternative futures, fostering
innovation and inclusivity in the envisioning process. The concept was coined by Jasanoff and
Kim (2009) and it relates to the exploration of how actors produce future visions or imaginaries
that describe their desirable and feasible futures. These visions are important as they “deploy
stories, narratives, or scenarios that reveal fundamental patterns of human reasoning, and how
humans communicate their thinking to others, in a future-oriented context” (Sovacool et al.,
2020, p.644). Visions are essential elements that help in shaping the future of energy systems
as they are the key drivers of energy policy debates (Lilliestam and Hanger, 2016). Conflicting
visions of a desirable future can lead to delays in implementing low-carbon solutions (Schmid
et al., 2017), thereby hindering progress and slowing the pace of the energy transition.
However, these visions are subjective perceptions and prioritization of problems, meaning that
different people value problems differently, thus their visions can be different, despite
addressing the same physical reality (Lilliestam and Hanger, 2016). As the aim of the paper is
to understand the different visions held across the Swiss electricity sector in reaching the
national energy and climate goals, the STI concept stands to be particularly relevant.

The STI literature offers numerous examples of the concept’s application on understanding the
shared vision within socio-technical systems. For example, Kuchler and Bridge (2018) used
the STI concept to investigate the imaginaries surrounding coal mining infrastructure and coal
use in Poland since the beginning of 20™ century. Through the analysis of different grey and
peer-reviewed literature, as well as policy documents and newspapers, Kuchler and Bridge
(2018) analyzed the meaning of coal for Poland’s modernization throughout the decades, from
the communist period that forged coal as ‘black gold’, to the current policy debates. Despite
the declining output from coal powerplants, Kuchler and Bridge (2018) outline that current
political efforts to rehabilitate coal and secure Poland’s energy future are based on coal-fueled
national modernization STIs. This poses significant challenges to the expansion of renewable
energy in Poland, undermining the potential role of RES for the country’s energy transition.
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Another study that focuses on Poland and the sociotechnical imaginaries related to the
country’s energy transition is the one by Rabiej-Sienicka et al. (2022), where the authors
analyzed strategic documents of the country’s policies, conducted interviews with actors from
the energy sector, and analyzed government funding programs for science. The results show
that the dominant STI is related to the preservation of the current centralized system, where
coal plays a key role, while prosumers act as supporters to the system. Two alternative STIs
were also determined by Rabiej-Sienicka et al. (2022), both having more decentralized system
architecture, where concepts such as energy democracy, protection against climate change, and
supporting the just transition efforts play a key role. These alternative STIs highlight the
potential for a transformative shift in Poland's energy system, emphasizing decentralized
governance and socio-environmental equity as crucial components of the country’s energy
transition.

The STI concept was also applied to determine the imaginaries related with a future smart grid
in Norway. The study by Ballo (2015) focused on analyzing empirical data from interviews
with experts from network companies as well as the analysis of regulatory documents in order
to understand the future imaginaries related with smart meters and the future smart grid. Ballo
(2015) determined that the future narratives are related with solutions that reflect current
institutional and technological structures, thus retaining the current structures intact.
Furthermore, the future imaginaries are techno-optimistic and entail commodification of
individuals’ behaviors through the concept of ‘consumer flexibility’, aiming to increase the
energy supply control for the energy sector (Ballo, 2015). The authors conclude that the
inclusion of multiple perspectives and increased openness when communicating these issues
to the public are needed, to consider potential social implications of these imaginaries.

Furthermore, Schmid et al. (2022) have used the STI concept to understand the shared visions
of desirable futures across socio-technical systems, specifically in community energy
initiatives in Switzerland. Going beyond the techno-economic approach, the authors
operationalized the STI concept by developing two dimensions, aspirations and performances,
to understand the visions of desirable futures in energy communities in Switzerland and how
those visions translate across the communities’ present-day practices. The findings reveal the
pluralities across aspirations (linked to a desirable future) and performances (enactment of the
future as of today) of community energy initiatives in Switzerland, especially outlining these
initiatives to have democratic characteristics that may serve as experimental spaces where
“future energy systems can be deliberatively contemplated and shaped, going beyond mere
technical expansion of renewables or economic efficiency” (Schmid et al., 2022, p.179).

Building on the insights from Schmid et al. (2022) regarding the diversity of visions across
community energy initiatives, the decentralized nature of Switzerland’s energy system offers
both challenges and opportunities for the application of the STI concept. While studies in more
centralized contexts, such as Poland’s coal sector or Norway’s smart grid, emphasize the
influence of national imaginaries on centralized energy governance, Switzerland’s federalist
structure requires an approach that acknowledges the diversity of local governance and regional
priorities. In this context, the STI concept may help in understanding how varied visions,
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shaped by different actors, are aligned or misaligned in terms of reaching the national goals,
making the concept particularly useful for analyzing the electricity sector transformation of
Switzerland.

4.3.3. Methodology
4.3.3.1. Conceptual framework

The purpose of this paper is to analyze the shared visions held across the electricity sector in
Switzerland to determine potential challenges for the sector’s transformation. To investigate
these shared visions and identify sector-wide alignments that can advance or can pose barriers
for the Swiss electricity sector transition, we apply the socio-technical imaginaries (STI)
concept developed by Schmid et al. (2022), shown in Table 4-10. This concept, which emerged
from an iterative process combining data from Swiss community energy initiatives with STI
theory, provides a comprehensive lens for understanding how different stakeholders envision
and enact the energy transition. There are two main dimensions of a STI — ‘aspirations’, or the
aim that stakeholders want to achieve and how they conceptualize the future, and
‘performances’, or the efforts that translate future visions into current actions and decisions.
The desirable future includes features outlining the vision of the future energy system, the
current operational goals and motivation of the stakeholders, as well as the role that technology
is expected to play in the transition. The performances on the other hand relate the current main
activities in reaching that desirable future, together with the current organizational governance
structures and the connections of the ECs with other actors.

Table 4-10: The STI concept

Dimensions Features of emerging new STls
Vision of a future energy system
Aspirations Operational goals at an organizational level
(linked to a desirable future) Motivations of members

Envisioned role of technology in the transition
Main activities

Performances Organizational governance
(enactment of the future as of g - . g - — -
today) Relationship of community energy initiatives with other local

actors
Source: Schmid et al. (2022)

Initially developed to explore visions within ECs, the concept’s flexibility makes it equally
valuable for examining the broader electricity sector. By incorporating the technical, social,
and institutional dimensions of Switzerland’s energy landscape, it facilitates a nuanced analysis
of how diverse and regionally specific visions interact and align, outlining both shared and
conflicting pathways of the energy transition. Its origins in the Swiss context further underscore
its relevance for our research, where we adapt only the third feature of the 'performances'
dimension, focusing specifically on the role and impact of ECs on the grid, rather than their
interactions with other local actors. This adjustment allows us to explicitly analyze how the
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integration of ECs in the grid is expected to influence the overall grid management and
coordination of activities.

We thus use this concept to capture and assess the varied perspectives of policymakers, the
transmission system operator (TSO), distribution system operators (DSOs), energy companies,
and other actors in the electricity sector. This concept enables us to delve into the nuances of
how these different actors envision the future, identifying both potential synergies and areas of
misalignment that could impact the success of Switzerland’s energy transition. By using this
concept, we can better understand the challenges, both current and expected, regarding the
interactions between the different stakeholders and their alignment for reaching the national
energy and climate goals.

4.3.3.2. Data collection and analysis

To explore the shared visions of the future electricity grid across the Swiss electricity sector,
we relied on semi-structured interviews with a diverse range of stakeholders. We interviewed
eight stakeholders, including a representative from the Swiss Federal Office of Energy, the
national policymaking government entity that shapes the regulatory and strategic direction of
the electricity sector, a representative from the single transmission system operator (TSO)
responsible for managing the high voltage grid, and representatives from several distribution
system operators (DSOs) that manage local grid operations across different regions of the
country. To ensure a diverse range of perspectives, we interviewed DSOs operating in different
language regions of Switzerland, varying in number of employees, customer base, and service
areas.

Additionally, we interviewed representatives from two of the largest energy companies in
Switzerland that are involved in both conventional and renewable energy generation. Finally,
we interviewed a representative from an aggregator (an entity that aggregates DERs on the
demand side), which might play a crucial role in integrating and managing decentralized energy
sources for demand side management when the policy environment enables such operations in
the country. We did not conduct interviews with ECs because their formal recognition as grid
participants under the new Electricity Act will only take effect in 2025, and their integration
into the grid will be the responsibility of system operators.

Through these interviews, we aimed to capture and analyze diverse perspectives, goals, and
expectations regarding the future electricity grid that are held by those who are responsible for
the daily operation of the current grid. Table 4-11 outlines the profiles of the interviewees, and
the corresponding codes referenced in the subsequent sections of the paper.
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Table 4-11: Profiles of interviewees

Code Level Reinterviewed
P1 Policymaking (SFOE) No
T1 Transmission system operator (TSO) Yes
D1 Distribution system operator (DSO) Yes
D2 Distribution system operator (DSO) Yes
D3 Distribution system operator (DSO) No
Al Aggregator/Virtual power plant No
El Energy company No
E2 Energy company No

Some of the participants were invited for a second round of interviews after the public
referendum that supported the new Electricity Act. Specifically, we sought to understand how
this new legal framework would influence the planning, operation, coordination and long-term
sustainability of the grid considering the recognition of Local electricity communities and their
ability to trade electricity with the grid. Therefore, the focus of these follow-up interviews was
to explore the expected implications of the Electricity Act on both the transmission system
operator (TSO) and the distribution system operators (DSOs) and assess the anticipated impact
of Local electricity communities on grid management and the coordination among the system
operators. The participants were asked to reflect on how the new law might reshape their
strategies and operations, particularly in relation to decentralized energy production, increased
integration of renewable energy sources, and the evolving role of local energy communities.
The interviews aimed to explore how DSOs and the TSO anticipate managing these changes,
including potential shifts in grid demand, fluctuations in energy flows, and a potential need for
new forms of coordination and flexibility. By reinterviewing the system operators, we were
able to capture their updated visions and concerns considering the changing regulatory
environment, offering an updated understanding of the future coordination between Local
electricity communities and the existing system operators.

In determining the types of stakeholders that we need to approach to obtain different visions
regarding the electricity grid of the future, we did a stakeholder analysis of the Swiss electricity
sector. Afterwards, we relied on our networks as well as the snowballing approach to reach the
interviewees, with the aim of gathering different perspectives on questions related with 1) the
current tasks and activities of the interviewees and the entities they represent, ii) the future of
the electricity grid, including the role of the entity they represent, the drivers and barriers to
reach that future grid, iii) citizen engagement forms in the electricity grid and related barriers
and drivers of citizen engagement, and iv) understanding of decentralization and associated
coordination challenges, both current and expected. After asking participants questions on
these four topics, the final question asked them to rethink and redo the whole electricity system
from the ground up, and how would they do it. The purpose of this final question was to find
the similarities and differences between the current, the future, and the ideal electricity grid
according to the participants’ subjective views, and understand these similarities across aspects
including energy technologies, role of citizens, structure of the system (centralized vs
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decentralized decision making and bundled vs unbundled institutions) and ownership (public
institutions vs private companies).

The semi-structured interviews from the first and second rounds were conducted in English,
they lasted between 40 and 70 minutes and were carried out online between January and
September 2024. The interview transcripts were obtained through the automated transcription
service of Microsoft Teams and were manually checked for consistency and possible errors by
comparing the transcripts with the recordings. The interview transcripts were anonymized and
coded with MAXQDA, following the thematic analysis approach (Braun and Clarke, 2022). In
terms of data analysis, we relied on the STI concept developed by Schmid et al. (2022) to
understand the sector-wide similarities and differences across the associated dimensions.
Lastly, we summarized the results and categorized them according to the features of the
emerging STIs from the two dimensions — the aspirations, linked to a desirable future, and
performances — linked to the enactment of the future as of today (Schmid et al., 2022).

4.3.3.3. Ethical concerns and potential limitations

Interview participants received the interview guide in advance, along with a consent form that
explained the ethical considerations involved in the research. Approval from the ETH Zurich
ethics commission was obtained prior to conducting the interviews. The transcripts from these
interviews were anonymized and are securely stored on the ETH Zurich internal server,
providing access only to the first author. The transcripts will be kept for 10 years before being
permanently deleted.

A key limitation of this study is the small number of interviews conducted. While these
interviews provided in-depth insights into the different visions across various levels of the
Swiss electricity sector, the limited sample size may not fully capture the diversity of views
across the entire sector, especially when the large number of DSOs is considered. Despite our
efforts to interview DSOs that operate in different cantons, serving regions and consumers of
various sizes, there is a risk that with fewer participants, certain nuanced or differing opinions
might not be adequately represented, potentially leading to an incomplete picture of the shared
visions for the future electricity grid of Switzerland. Additionally, the small sample size may
limit the generalizability of the findings, as the perspectives gathered could be influenced by
the specific roles, experiences, or contexts of the selected participants.

However, the interviews highlight the existence of diverse visions within the sector and among
stakeholders, which may turn into potential challenges for the electricity system transition.
Rather than aiming to provide a representative sample of all system operators in Switzerland,
this study focuses on demonstrating how variations in visions might impact the sector’s
evolution. The exploratory nature of this research aimed to check the applicability of STI
concept in analyzing stakeholder perspectives in the Swiss electricity sector. Future research
could build on these findings by expanding the participant pool to capture a broader spectrum
of viewpoints in the sector.
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4.3.4. Results

In this section, the results from the interviews are presented, structured according to the STI
concept developed by Schmid et al. (2022) while referring to the specific code of the
interviews. As a reminder, the STI concept has two main dimensions: 1) aspirations, related to
the visions of the future energy system and ii) performances, related with the enactment of the
future visions in the current setting. Each of these dimensions has different features, and we
provide particular emphasis on tensions between different stakeholders according to the
features of the STI concept.

4.3.4.1. Aspirations

This dimension of Schmid et al.'s (2022) socio-technical imaginaries (STI) framework captures
energy cooperatives' visions of a desirable future energy system, along with their operational
goals, motivations, and the envisioned role of technology. This dimension integrates the role
of technology with the motivations of cooperative members and the organizational goals of the
cooperatives, all of which contribute to achieving their vision for a future energy system. Since
we use this framework to analyze the perspectives of various stakeholders across the electricity
system, we adapted the features according to our goals. We consider the visions of the future
electricity grid to also include the potential challenges and drivers for reaching that goal.
Furthermore, we understand operational goals as tasks defined by institutional mandates and
regulations that outline an entity's role in the system. Motivations, on the other hand, extend
beyond these prescribed roles to encompass the drive to adopt new ideas and innovations that
facilitate or accelerate the achievement of operational objectives.

Visions of a future energy system

Decentralized energy production and flexibility emerge as key themes for the future of the
Swiss electricity system (D1, D2, D3, T1, P1, E1). There is a common shared vision across all
interviews that demand will follow energy generation and will shift closer to end users, with
localized control and increased reliance on decentralized energy generation, particularly solar
PVs, and other DERs. Despite this localized shift, critical elements such as grid stability
remains an imperative, to be coordinated at higher, centralized levels (TSO and DSO levels) to
ensure system reliability.

Some interviewees (T1, D2) emphasize the need for hybrid systems that combine both
decentralized and centralized elements to maximize efficiency. The interviewees suggest that
achieving this balance will be critical for the energy transition, particularly in managing
fluctuations in renewable energy generation and consumption. More specifically, significant
investments are required to upgrade the grid infrastructure, including high voltage lines and
storage solutions (T1).

A significant focus across several interviews (D2, E1, T1) is on the potential role of citizens in
the energy transition. Despite the currently limited role that citizens have (A1), the future
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energy system is envisioned as increasingly citizen-centric, with prosumer models becoming
more common. In these models, citizens not only consume but also produce energy, actively
participating in energy generation and management. Tools like smart meters and the
development of energy communities are seen as essential enablers of this transition.

Public education and engagement activities are recognized as crucial support factors of the
energy transition in terms of raising awareness and ensuring public acceptance (E1, D3, T1,
A1). These stakeholders emphasize the importance of raising public awareness about energy
issues and creating opportunities for citizens to actively participate in the energy system
through models like energy communities and prosumer arrangements. Moreover, there is a
need for more inclusive policymaking that goes beyond policymakers and academia to include
active participation of citizens who are better informed and educated on energy topics (P1).
Active public participation is also vital for the success of decentralized energy systems,
particularly in the shift towards prosumer models and energy communities (E1, D3, T1).

The main challenges that interviewees mentioned when it comes to reaching their vision of a
future electricity system are varied. The lag between regulatory developments and the pace of
technological innovations is a serious obstacle for the transition (E1, E2), as well as overall
regulatory uncertainties and changes in regulation (D1). NIMBY attitudes or the societal
acceptance of energy infrastructures may also present serious barriers (E1, E2) while making
complex energy decisions through a popular vote may result in certain challenges for the energy
transition (E1).

Operational goals at an organizational level

The mandated operational goals provide a structured pathway to achieving stakeholders'
visions by defining concrete, regulated actions that ensure system stability. A common thread
across all interviews is that efficient grid management is a top priority for all stakeholders in
the Swiss energy sector. Stakeholders emphasize the need for enhancing the efficiency of grid
management by incorporating advanced control systems and strategies that optimize the
management of DERs and prevent losses (D1, T1) to ensure the goal of having energy security
(P1). Furthermore, balancing intermittent renewable sources with stable energy supply requires
innovations in storage, demand response and flexibility, as well as grid control systems (D1,
T1, E2). These control systems enable real-time energy flow management across the grid,
which is increasingly important for grid stability and reliability as more RES are integrated to
the grid. By incorporating sophisticated control technologies such as smart meters, SCADA
and DERMS systems, grid operators aim to maintain grid stability (voltage and frequency
within certain limits) while enabling the connection of more DERs.

Market liberalization for households in Switzerland is seen as an opportunity by Al.
Liberalization will introduce competition and will encourage DSOs to concentrate on
innovation. For smaller DSOs, liberalization will open new possibilities for offering tailored
services, exploring innovative business models, and introducing dynamic pricing (D3).
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However, currently only large consumers can access competitive markets, while small
consumers are still under monopoly supply (D2).

Motivation of stakeholders

Maintaining grid stability and energy security are the core mandated goals for different
stakeholders in the Swiss electricity sector. However, innovation and adaptability are additional
drivers for stakeholders like E2 and A1, as well as for DSOs, outlined by the ideas they shared
regarding the integration of flexible demand-side management and dynamic pricing models.
These approaches allow for more responsive energy systems, where consumers can adjust their
energy usage based on price signals or available power. Al, in particular, focuses on using
technology to create more adaptive energy management systems, which can respond in real-
time to shifts in energy supply and demand. However, due to the current legislation, A1 is not
able to offer its services to the Swiss market and is therefore operating in the neighboring
countries.

Envisioned role of technology

Technology plays a crucial role in the visions of the future electricity sector. Automation,
digitalization, demand side management and flexibility, as well as energy mix diversification
are seen as pillars of the electricity system of the future, with devices and systems being
integrated through standardized communication protocols (D1, D3, T1, E2, P1). These
stakeholders emphasize the role of smart grids, which allow for more efficient management of
decentralized energy systems by integrating real-time data from various sources. By relying on
automation and digitalization, stakeholders can optimize grid operations, reduce inefficiencies,
and improve the overall resilience of the energy system, especially as RES increase their share
in the energy mix.

Energy storage and customer flexibility are recognized as essential components for managing
decentralized energy production (A1, D1, D2). Batteries, both large-scale and residential, offer
a critical solution for storing excess energy generated from RES. This stored energy can then
be used during periods of high demand or low generation, ensuring a stable and reliable energy
supply. Additionally, technologies such as electric vehicle (EV) charging systems may play a
significant role in optimizing energy consumption patterns. However, while energy storage
technologies are valuable for optimizing grid operations, controlling electric vehicle charging
presents a more immediate concern for DSOs (D1).

4.3.4.2. Performances

This dimension of Schmid et al.'s (2022) socio-technical imaginaries (STI) framework focuses
on how envisioned futures are enacted through present-day activities, organizational
governance, and relationships with other actors. The performances dimension captures the
ways in which energy cooperatives and other stakeholders operationalize their aspirations
within existing structures and through ongoing practices. In this study, we understand
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stakeholders' main activities as their ongoing efforts to achieve a future grid aligned with their
visions. Additionally, we have adapted the organizational governance feature to capture the
broader governance of the entire electricity system, including the evolving roles of system
operators, the potential centralization of efforts given the numerous DSOs, and debates on
public versus private ownership, considering the ownership structure of the DSOs. Lastly, we
adapted the feature of the relationships of energy communities with other actors, to understand
the potential role that the Local electricity communities may play in the wider system,
considering the introduction of the new law that explicitly recognizes these entities.

Main activities

To realize the envisioned electricity system of the future, the grid infrastructure, including the
high voltage lines, need to be upgraded to better accommodate decentralized energy production
and the more volatile flows in the grid (T1). Also, innovation projects and pilot programs need
to be supported as they stand to be avenues through which different stakeholders explore new
ways to interact, modernize and redesign the electricity system (D1, D3, A1). These projects
often involve testing algorithms for optimizing grid management, experimenting with energy
communities, or implementing flexible demand-side management strategies.

Organizational governance

Organizational governance spans the entire electricity system across different aspects,
including the centralization of efforts, changing roles of system operators, and debates on
ownership. Interviewees provided different arguments regarding the centralization of efforts
for realizing the future energy systems (D1, E1 T1). Centralization of efforts is favorable when
it comes to grid planning and investments (T1) as well as the centralization of standards,
regulations and interfaces (E1). However, rather than centralizing the efforts, more clarity in
regulations and procedures is needed as real operational challenges are more about the
ambiguities of what is allowed, along with the need for more decentralized decision-making
freedom within a clear framework (D1). Due to the large number of DSOs and other entities,
certain coordination challenges exist, particularly in implementing common standards (E1).
Moreover, there is a possibility for future fusion of actors to simplify grid operations,
potentially reducing the number of DSOs (P1).

The roles of some DSOs (D1, D2) as well as the role of the TSO (T1) are undergoing a
significant transformation. Traditionally focused on operating the grid to ensure grid stability
and reliable energy delivery, the TSO role is evolving into a system integrator who needs to
coordinate various aspects of the energy system rather than just operate the grid (T1). In this
context, system integration refers to the integration of the activities and operations of different
market actors (DSOs, energy companies, large consumers), integration of DERs as well as
advanced control technologies and mechanisms to ensure optimized energy flows that balance
supply and demand. DSOs on the other hand are expanding their responsibilities to include
energy innovation, public engagement, and managing decentralized energy systems. This shift
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is driven by the increasing complexity of energy networks, with more renewable and DERs
being connected to the low and medium voltage grids.

Arguments regarding public versus private ownership of the energy infrastructure were also
provided by several interviewees (D1, E1, E2, T1). Public ownership of critical infrastructure,
especially grid assets, is seen as vital for ensuring long-term energy security and stability. The
rationale is that public control can align energy policy with national objectives, such as the net-
zero GHG goals. At the same time, there is widespread recognition of the need for private
sector innovation as prerequisite for driving the energy transition forward.

Potential role of local electricity communities

The interviews provided a wide range of opinions on the viability and the potential role of local
electricity communities in the future electricity grid. Some stakeholders are optimistic about
their potential, emphasizing the role that ECs can play in decentralizing energy production and
enhancing public engagement (D2, T1). They see these communities as a promising way to
increase local renewable energy generation and encourage citizen participation in the energy
transition. However, other stakeholders are more skeptical (A1, D3). They highlight the lack
of information and understanding, the limited financial incentives available to participants and
the complexity of managing such initiatives, which could hinder their growth and long-term
sustainability. Moreover, the integration of energy communities to the grid may bring
additional administrative challenges for DSOs, which is especially relevant for smaller DSOs
(D1).

4.3.5. Discussion and contributions
4.3.5.1. Evolving roles and coordination issues

This study investigates the shared visions across Switzerland’s electricity sector, outlining the
challenges and opportunities that the sector faces in its transformation. The anticipated
evolution of the electricity system, marked by increased decentralization, enhanced flexibility,
greater integration of renewable energy sources (RES), and a dynamic balance between
centralized and decentralized elements, is consistent with insights from existing literature
(Lonergan and Sansavini, 2022; Motz, 2021). Achieving this vision, however, requires
substantial investments to modernize and strengthen grid infrastructure (Schnidrig et al., 2023;
Verhoog and Finger, 2016). Furthermore, the success of this transition hinges on robust
coordination between the TSO and DSOs to effectively manage the complexities of the
evolving energy landscape.

The findings emphasize the need for improved coordination between system operators,
particularly in grid planning and investment, due to the large number of DSOs in Switzerland.
This need for enhanced coordination is also outlined in the literature (Ringelstein et al., 2022;
Alazemi et al., 2022; Vagropoulos et al., 2022; CEDEC et al., 2015). While the possibility of
merging or consolidating DSOs could reduce coordination complexities, such measures would
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entail significant challenges, including the loss of local control, which is a key feature of
Switzerland’s municipally owned DSOs.

To address these challenges, DSOs must take an active role in shaping support measures to
ensure technical feasibility and grid preparedness are prioritized from the outset. Given the
diversity in size, capacity, and resources among DSOs, implementing solutions at the municipal
or DSO level, rather than through a top-down federal approach, is crucial. This localized
strategy would accommodate the specific needs and operational contexts of individual DSOs,
enabling tailored and effective solutions that align with the unique characteristics of
Switzerland’s electricity sector.

The results highlight the evolving roles of system operators, particularly DSOs, as they adapt
to the growing integration of distributed energy resources (DERs). While the integration of
these technologies presents challenges, such as variability and grid stability issues, it also offers
significant opportunities to enhance flexibility and provide advanced grid services. In
Switzerland, the findings emphasize the pressing need for DSOs to prioritize managing EV
charging, as its variability poses immediate operational challenges. This priority aligns with
the literature, which underscores the importance of mitigating grid power peaks caused by EV
charging and addressing its inherent unpredictability (Aoun et al., 2024; Kumar et al., 2024).

To manage flexible demand and localized energy production effectively, DSOs must adopt
advanced technologies and innovative strategies that optimize grid operations, address network
constraints, and balance variable energy flows, which is more relevant for smaller DSOs with
limited financial and human resources. These findings are consistent with IRENA (2019),
which highlights the critical need for DSOs to implement systems that facilitate the integration
of DERs and improve grid performance. Similarly, the Council of European Energy Regulators
(CEER, 2014) emphasizes that the DSO role has undergone significant transformation over the
past decade and will continue to evolve as the energy transition accelerates, requiring even
greater adaptability and innovation.

For Switzerland, these changes in DSOs roles are especially critical given the large number of
DSOs, each with varying capacities and resources. Smaller DSOs, in particular, face greater
challenges due to limited financial and technical capabilities, which may hinder their ability to
adapt to these new demands. Addressing these disparities requires tailored approaches that
support all DSOs in navigating their evolving roles while ensuring their ability to contribute
effectively to the energy transition. This highlights the importance of localized strategies and
targeted measures that reflect the diversity and unique operational contexts within
Switzerland’s electricity sector.

In line with enhancing TSO-DSO coordination, it is equally critical to prioritize effective
collaboration between distribution system operators (DSOs) and other grid-connected entities
to mitigate operational challenges, particularly for smaller DSOs with limited resources. The
findings indicate that various forms of citizen engagement—including prosumers, Mergers for
self-consumption (ZEV), and energy cooperatives or Local Electricity Communities (LEG)—
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are expected to play a significant role in the future energy system. This aligns with arguments
by Meister et al. (2020) and Riveros et al. (2019) that emphasize the importance of citizen-
driven initiatives in advancing renewable energy adoption.

The introduction of the new Electricity Act is anticipated to accelerate the uptake of renewable
energy sources (RES) through the expansion of energy communities (ECs). To support their
effective integration into the DSO grid, targeted measures are required. From a financial
standpoint, these measures should be designed to ensure the long-term sustainability of ECs by
facilitating access to various forms of financial support (Matowska et al., 2024; Fina and
Monsberger, 2023; Hain et al., 2005). Such support may include subsidies, loans, or tax
incentives (Bellini et al., 2024), but careful consideration of housing ownership structures is
essential. Since the majority of households in Switzerland are tenants, residing in rented
accommodation (SFSO, 2024), financial mechanisms must align with these housing realities,
as not all forms of support are equally suitable across different ownership situations.

Research by Kerstens and Greco (2023) on financial support mechanisms for community
energy initiatives in Austria, the Netherlands, Norway, and Spain highlights that property
owners can access all types of financial support with relative ease. However, for tenants,
implementing financial support often requires coordination and agreements with landlords.
According to Kerstens and Greco (2023), loans are the most viable support mechanism for
tenants, given their flexibility and compatibility with rental arrangements in the analyzed
countries. These findings underscore the importance of tailoring financial policies to the
specific socio-economic and ownership contexts to maximize their effectiveness.

4.3.5.2. Beyond evolving roles and coordination issues

The results highlight the critical role of public education and engagement activities in
supporting the energy transition by raising awareness and ensuring public acceptance. As
argued by Armstrong (2021), Perlaviciute et al. (2018), and Chilvers and Longhurst (2016),
such initiatives are essential for fostering an informed citizenry capable of participating
meaningfully in energy system decisions. Energy issues are often complex, and many citizens
struggle to understand their role within the broader energy system or recognize the direct
benefits of their participation. Enhanced public engagement and education efforts can bridge
this gap, improving policymaking by ensuring that citizens are better equipped to comprehend
energy-related topics. In the context of Switzerland’s direct democracy system, where citizens
vote on federal policies such as the new Energy Law and the new Electricity Act, these
activities are especially crucial. Studies on direct democracy show that exposure to voting
initiatives enhances political knowledge (Tolbert and McNeal, 2003; Smith, 2002). Expanding
public education and engagement efforts would further ensure that citizens can make well-
informed decisions aligned with their best interests.

Beyond public engagement, the findings underscore the need for regulatory frameworks to

evolve in step with technological innovations. Interviewees emphasized the importance of
addressing regulatory uncertainties, which can hinder the implementation of innovative
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solutions essential for accelerating low-carbon transitions. This aligns with broader
observations that regulatory frameworks often fail to keep pace with disruptive innovations
(Johnstone et al., 2020), creating significant barriers in rapidly changing sectors like energy.
Such barriers can stall experimentation and delay the adoption of technologies crucial for
decarbonization (Antikainen et al., 2017). As regulatory and institutional structures are key
determinants of the success or failure of energy transitions (Neofytou et al., 2020), it is vital
that they adapt proactively to support emerging technologies and align with the broader goals
of the energy transition. To this end, clear, firm, and long-term regulatory and policy
frameworks are needed to ensure the energy systems transformations (Kabeyi and Olanrewaju,
2022). For Switzerland, addressing regulatory uncertainties and accelerating the pace of
regulatory development will be pivotal to integrating technological advancements across all
grid voltage levels.

Lastly, the results suggest that market liberalization for households and the unbundling of
supply and retail activities for DSOs could foster the development of innovative business
models and enhance the efficiency of the household retail market. This perspective is supported
by existing literature (Poudineh et al., 2022; Pereira et al., 2020; do Prado et al., 2019; Boscan,
2019). However, in the Swiss context, such reforms face significant obstacles. The country's
emphasis on retaining local, municipal ownership of DSOs, combined with repeated delays in
the full liberalization of the electricity sector (Gencer et al., 2020), suggests that major changes
in this area are unlikely in the near future. These constraints highlight the need to balance
market efficiency with the preservation of local governance structures and community
ownership, which remain central to Switzerland’s electricity sector.

4.3.5.3. Contributions

This paper contributes to the literature on the transformation of the electricity sector by building
on previous works such as Ford and Hardy (2020), Toivanen et al. (2017), and Schmid et al.
(2017), who highlighted the importance of aligned visions for achieving a net-zero electricity
system. Furthermore, this research addresses a significant gap in understanding the actors
driving energy transitions and the institutional frameworks within which they operate, which
are elements frequently neglected in quantitative and techno-economic modeling studies
(Schmid et al., 2017). By adopting Schmid et al.'s (2022) STI concept, we analyzed the shared
and divergent visions of key stakeholders in Switzerland's electricity sector, including
transmission and distribution system operators, energy companies, policymakers, and others.

The novelty of this paper lies in its exploration of how differing and converging visions across
the sector may impact the effectiveness of Switzerland’s energy transition. By integrating
multiple cross-sectoral stakeholder perspectives on the future electricity grid, the study
illuminates the opportunities and challenges inherent in aligning diverse visions. The
application of the STI concept adds a unique dimension to this analysis, offering a lens to
understand not only the technical and operational aspects of the transition but also the
underlying social, regulatory, and institutional dynamics that shape and constrain these visions.
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A key contribution of this study is its sector-wide perspective on TSO-DSO coordination
challenges, regulatory uncertainties, and the evolving roles of stakeholders amidst the rise of
RES and DERs. The STI concept allow us to conceptualize the future as more than a
progression of technological advancements, emphasizing the shared narratives, cultural values,
and institutional frameworks that drive cross-sectoral imaginations of what is possible and
desirable. By focusing on how visions are shared, misaligned, and enacted, this paper
demonstrates how STIs may guide change.

By applying the STI concept, the paper expands our understanding of the complexities involved
in imagining and realizing a sustainable energy future. It demonstrates that the energy transition
is not only a technical challenge but also a deeply social and institutional one, where aligning
diverse visions is critical to navigating uncertainties and possibilities. As such, this paper offers
an important contribution that goes beyond a static analysis of energy policy, providing a socio-
technical perspective on the transformation of Switzerland’s electricity sector and advancing
the discourse on achieving decarbonization and energy security goals.

4.3.6. Conclusion and policy implications

This study aims to investigate the shared visions within Switzerland’s electricity sector
regarding the future electricity grid, emphasizing the challenges and opportunities presented
by the energy transition. The integration of RES and DERs, including prosumers and ECs,
represents a transformative shift in the country’s electricity grid. Our findings highlight that
achieving an aligned vision among key stakeholders such as the TSO, DSOs, policymakers,
and energy companies is essential to ensuring grid stability, energy security, and long-term
sustainability.

To explore these dynamics, we apply the socio-technical imaginaries (STI) framework by
Schmid et al. (2022), originally developed in the Swiss context to study energy cooperatives
and adapted here to the broader electricity sector. This framework provides valuable insights
into how diverse stakeholders envision and operationalize the future grid, identifying areas of
alignment and potential misalignment. By adopting a socio-technical perspective, this study
reveals that the transition to a sustainable electricity system requires more than technological
advancements; it demands alignment across social, regulatory, and institutional dimensions.

Key conclusions from this research underline the importance of coordinated investments in
grid modernization and enhanced TSO-DSO collaboration to manage growing shares of RES
and DERs effectively. Stakeholders' aspirations reveal a common desire for a decentralized,
flexible energy system that integrates citizen engagement, smart technologies, and renewable
solutions, while emphasizing the need for grid stability and coordinated, hybrid solutions that
balance centralized and decentralized elements.

We define four sector-wide policy implications emerging from our findings, and they include
the following:
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Enhanced Coordination Between TSOs and DSOs: Despite the adequate TSO-DSO
coordination, policymakers should push for improved coordination across the grid through
flexibility options like demand response and distributed storage, ensuring seamless integration
of DERs across different grid voltage levels while maintaining system stability. This
coordination is necessary for optimizing grid operations, managing bidirectional power flows,
and facilitating the energy transition.

Investment in Grid Modernization: Coordinated, anticipatory investment planning is critical
to upgrading and expanding grid infrastructure, including advanced control technologies and
energy storage. Policymakers must establish clear, predictable regulatory and policy
frameworks to attract and guide these investments.

Regulatory Flexibility and Clarity: Energy regulation must evolve in tandem with
technological advancements to reduce uncertainties and promote innovation. This includes
adapting regulations to support new energy actors and pilot projects and providing a clear path
for integrating innovative solutions into existing systems.

Support for Energy Communities and Citizen Engagement: To maximize the potential of
Local electricity communities, policies should provide targeted financial incentives, technical
assistance, and engagement strategies. Localized measures must address the diverse capacities
of DSOs, ensuring smaller operators are equipped to integrate new entities without
compromising grid reliability. The integration of ECs can pose challenges such as balancing
supply and demand or maintaining grid stability, making tailored support for DSOs,
particularly smaller ones, essential.

Establishing one-stop-shops for DSOs, energy companies, and citizens interested in LECs is
crucial. These hubs would centralize information on regulations, technical guidelines, and
financial support, streamlining the process and encouraging participation. Strengthening DSOs’
technical and operational capacities through capacity-building programs and infrastructure
upgrades will ensure the stable and effective integration of energy communities into the grid.
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5. Transdisciplinary contributions
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5.1. Contribution 4 — Building leadership
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Status: Published, available at: https://zenodo.org/records/7319479
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ENCLUDE Academy — Action-based online modules

Executive Summary

The ENCLUDE Academy for Energy Citizen Leadership is a six-month, online leadership
development and civic engagement program for decarbonization. It brings together current and
future changemakers from across Europe, Africa and Canada to help them hone their individual
leadership, their collective organization skills and to connect them to one another and to experts
in the energy transition. It aims to help people who are interested in making a change in their
own communities, to not only reduce carbon emissions, but also to link up issues related to the
energy transition with improving the overall well-being of their communities. It is for people
who want to realize concrete ideas they already have related to the energy transition, and for
those who would like to become more active in this area and to start finding that idea.

This deliverable sets out to describe the objectives, rationale, structure and activities of the
program. In addition, it offers an initial view of the video materials, in the form of the script
that will be used, as input for the plenary sessions of the program. These videos serve as only
one of many components for supporting learning during the ENCLUDE Academy, in addition
to group discussions, implementation of ideas within communities and mentoring sessions with
local experts. However, the videos offer a concrete view into the themes and the specific
knowledge that will be shared during the course of the program.

The ENCLUDE Academy bridges academic knowledge and useable knowledge for the citizens
who are ready to be change agents for the energy transition. This transdisciplinary approach to
social learning goes beyond informing the public of information that they were previously
unaware of, but also asks participants to share their own expertise on related topics. It also
provides them with time, structure and means to contextualize this knowledge and perspectives.
Key for the design of the Academy is the recognition of heterogeneity in energy needs and in
the circumstances in which citizens live and work. In order to create knowledge that is usable
and that can contribute to systemic transformation, it is important to design a two-way process
where citizens help us contextualize this knowledge. The ENCLUDE Academy aims to have
an impact by creating and using this mode of engagement for catalyzing change.
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5.1.1. Introduction

The goal of the ENCLUDE Academy for Energy Citizen Leadership is to bring together local
community leaders, potential changemakers and curious citizens from different countries and
backgrounds to help them to sustain and catalyze decarbonization initiatives. The program aims
to help people that are interested in making a change in their own communities to reduce carbon
emissions, and, at the same time, to meet urgent needs of the community related to energy
access, energy affordability and equity. It is for people who want support in realizing concrete
ideas they already have related to the energy transition or those who would like to find that
idea. The envisioned impact of this program is to launch a bottom-up mobilization of energy
citizenship by training influential individuals that can help change energy behaviors and engage
other citizens in the transition.

The Academy will be implemented as an action-based leadership training program, designed
to be inclusive for citizens of various ages, time availability and needs in relation to the energy
transition. The program will be provided in a weekly recurring online setting, from September
2022 to April 2023.

The curriculum and the organization of the Academy that is documented in this deliverable is
built upon discussions with 18 NGOs and other organizations across the EU (list provided in
the annex). These organizations work at the intersection between energy-related themes and
social issues affecting the well-being of citizens and will help ENCLUDE recruit the future
participants of the Academy. The main insights around which this Academy has been designed
are the following:

1. Programs which aim to provide citizens with information about the energy transition should
also be aware of local and relevant topics that can be combined with transition actions.
There may be a simultaneous need for information about the energy system that is not
normally accessible or understandable and for providing help to citizens to take effective
action.

2. It is important to provide incentives (that are not necessarily financial) for citizens to
participate in a program that offers a sense of accomplishment and progress that can be
applied in other areas of their lives, contributing to lifelong learning.

3. Itis important to clarify the amount of time expected from participants of the Academy and
to consider how to accommodate varying degrees of participation from diverse groups of
citizens.

4. There is a need to provide a “translocal” perspective of citizen efficacy, so that citizens are
able to learn from those sharing similar goals in their local energy transition. This provides
citizens with a source of inspiration, expanding the horizon of what is possible and allowing
new opportunities to be identified. Additionally, it can help citizens and other stakeholders
identify common challenges and jointly develop strategies to overcome these challenges.

These four core insights have been translated into the following guiding principles in order to
create the online modules and accompanying videos of ENCLUDE:
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Learning by doing and reflection-in-action. The Academy focuses on providing
resources and structure which encourages participants to take action with the information
and inputs that they receive. Ample time will be given for participants to reflect along with
their peers on the actions being taken. This aspect of learning is often missing, yet essential
for developing critical thinking, empathy and creativity. Participants will rely on peer
sharing to gain the necessary insights for taking the next steps.

“Integrated systems and design thinking” approach as a basis of transformative
action. Besides supporting decarbonization actions, the Academy also provides training for
design thinking. Skills acquired with practicing this methodology can be carried over to
other areas of life which can benefit from complex problem-solving skills. Certificates for
declaring competency in “design thinking for systemic transformation” will be given to
those who complete all modules of the Academy.

Flexible levels of participation. The organization of the Academy is devised for two types
of participation: leadership participation and casual participation. Leadership participation
are for those who are able to dedicate more time to carry out decarbonization initiatives. As
a part of their registration to the Academy, these participants are expected to bring an idea
for an initiative related to the energy transition or a description of an initiative that they are
already part of. They will also commit to spend 3-5 hours/week on these initiatives,
including the time they spend “in-class” as a part of the Academy. The casual participants
are only expected to be present for some of the modules and are welcome to watch the
videos we provide. These casual participants will be also given the option to switch their
participation to leadership participation, if the ideas and concepts inspire them to do more.
Online format for translocal, social learning. The online format of the Academy allows
us to include participants from all over the world working similar topics, sharing similar
needs, but working within very diverse contexts. The structure of the Academy will be de-
signed to create such local hubs of in-person activity, depending on the geographical
distribution of participants and alongside the online component of the Academy. In
addition, lecture-based input will be limited, with the emphasis given to peer and
experiential learning, as well as interactions from mentors with varied expertise in both
technical and policy aspects of the energy systems and with real world experience in diverse
contexts.

These guiding principles serve as the foundation for the design of the ENCLUDE Academy,
along with the previous experience of members of the ENCLUDE consortium in developing
lifelong learning educational programs. The remainder of this report explain how the online
modules will function, describe their architecture, and list the preliminary schedule and script
of the videos that will be developed as part of the Academy.

5.1.2. Description and curriculum of the Academy

The ENCLUDE Academy is a six-months, online leadership development and civic
engagement program for decarbonization. It brings together changemakers from across Europe,
Africa and Canada in virtual sessions to help them drive change by honing their individual
leadership and collective organization skills and by helping them connect to one another and
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to experts in the energy transition beyond the scope of the program itself. It aims to help people
who are interested in making a change in their own communities in order to not only reduce
carbon emissions, but also to see the links between how issues related to the energy transition
could be relevant for improving the overall well-being of their communities. It is for people
who want support in realizing concrete ideas they already have related to the energy transition,
or for those who would like to become more active in this area and to find that idea. The course
will adapt a design thinking methodology that is geared towards systems transformation. This
“integrated systems and design thinking” approach has been created and implemented at the
Swiss Federal Institute of Technology (ETH Zurich), co-developed by the lead of WP6 in
ENCLUDE (BinBin J. Pearce)®. This approach will be implemented for the topic of the energy
transition, focusing on what actions individuals and collectives might be able to take that
contribute to the transformation of energy systems, while taking stock of and accounting for
technical and political constraints and opportunities that exist at regional, national and global
scales.

5.1.2.1. Objectives

The learning objectives of the ENCLUDE Academy are to help current and potential

community leaders to:

1. Enhance their own sense of efficacy by becoming adept at using design thinking methods
for systemic transformation in the energy system.

2. Develop, implement and/or sustain local plans of action for moving the community towards
the energy transition.

3. Learn from and find support amongst a network of energy citizens who share similar goals
and visions beyond national borders.

5.1.2.2. Structure

To achieve these objectives, the curriculum of the Academy is structured around two parallel
tracks - a “knowledge” track and an “action” track. The “knowledge” track provides
information and perspectives about how to understand energy as a system. This includes
information about the energy transition, energy policies, elements of inclusive energy, energy
efficiency, renewable energy and how various scales of the energy systems are linked both
technically and politically to one another. The action track provides a structure, format and
space for participants to practice design thinking for systemic transformation. Use of this
methodology is aimed at helping participants to consolidate, personalize and make use of the
information on the energy system to start creating change in their own communities. The two
tracks are interwoven within the five modules that make up the curriculum of the ENCLUDE
Academy.

3 Pohl, C., Pearce, B., Mader, M., Senn, L., & Kriitli, P. (2020). Integrating systems and design thinking in
transdisciplinary case studies. Gaia, 29(4), 258—266. https://doi.org/10.14512/gaia.29.4.11
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Between the last week of September 2022 and April 2023, the ENCLUDE Academy will gather
on a weekly basis for 1.5 hours (except from the months of December and April to account for
holidays). The frequency of these meetings is intended to foster familiarity and sense of
community. We will also limit the meeting time to less than two hours because of the frequency
of these meetings and to limit screentime. Each module is oriented around a particular topic of
the energy system and energy transition, as well as a particular step in the de-sign thinking
methodology. For each of the first four modules, there is a first and last session which takes
place in an online plenary, along with all participants. The middle sessions (which range in
number from two to six sessions) are organized as working sessions for leadership participants
(estimated to be half of all participants). The work sessions are intended for small group work
and will be facilitated by ENCLUDE consortium members but will not be oriented around
lectures. The nature of these work sessions will evolve and adapt to the needs of the participants
in order to help them realize their projects.

The “knowledge” track is open to all participants. The information in this track is conveyed
via videos and lectures that take place during the plenary sessions, which are the first and last
sessions of each module (Modules 1-4). During these sessions, participants are also able to
raise questions and have discussions related to topics that were raised in the video inputs and
lectures. The last session of each module is meant to be a chance for the participants to share
their progress and reflect on how concepts and ideas are being played out in the real world and
in their own contexts. The “action” track is created to specifically support leadership
participants who would like to develop, realize and/or sustain decarbonization actions in their
communities. These participants will work in small groups (either online or in-person,
depending on the locations of participants) and follow exercises and activities that were de-
signed as a part of the adapted design thinking methodology. This group work will take place
in the second and third meetings of each module (Modules 1-4). Casual participants are also
able to partake in this track if they are interested.

In the last module of the ENCLUDE Academy, all leadership participants will be asked to
present what they have completed in the last 6 months as a part of the program. There will be
three final sessions in which all participants will be able to present online to all members of the
ENCLUDE Academy. These last modules will be made accessible to the general public and
will also showcase the participants’ work. Participants are welcome to invite key stakeholders
from their initiatives to take part in the event. The event is also meant to be used as a platform
to further the aims of their own initiatives.

5.1.2.3. Linking activities to objectives

Objective 1: Enhanced sense of efficacy for change

The ENCLUDE Academy provides resources and structure to encourage participants to act
with the information and inputs that they receive. This learning-by-doing and reflection-in-

action approach offers the possibility to citizens and stakeholders to develop their own
understanding of the issue at hand rather than solely depending in the knowledge of the experts.
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In addition, the information that will be offered aims to help individuals make the connection
between how local action (both at the individual or collective scales) can have an impact on
larger scales. This systems-view of the energy transition is key for citizens to define their own
sense of efficacy and understand the role they can play within the energy transition. Lastly,
certificates for competency in “design thinking for systemic transformation” will be given to
those who complete all modules of the Academy. This may provide additional encouragement
to the participants, knowing that they have received adequate knowledge and training to move
forwards with their initiatives.

Objective 2: Develop, implement and/or sustain local plans of action

The ENCLUDE Academy will provide training for design thinking to the participants, helping
them to acquire relevant problem-solving skills through both theory and practice. Participants
will be provided with a structured methodology to help them develop new ideas which make
use of their own insights as a member of a community to create effective initiatives for that
community. This approach of “from the community, for the community” has been successfully
implemented in many existing initiatives for decarbonization. To help participants implement
or sustain local plans of action, the program will also gather mentors with technical, policy or
practical expertise on matters related to energy transition initiatives. These experts will serve
as a sounding board and provide guidance as ideas are developing and before they are launched.
This external advice will provide an additional insight to the possible pitfalls and opportunities
of initiatives being created and help participants benefit from previous lessons.

Objective 3: Learn from and find support amongst a network of energy citizens

The ENCLUDE Academy starts from the premise that, ultimately, participants will learn more
from each other than from the facilitators of the Academy. As organizers, we will provide
orientation, curriculum, themes to be discussed and the methodology, but once these aspects
are in place, the participants themselves can use this structure to tap into the expertise and rich
experiences of their peers in the Academy. As we have previously observed in students, peer
learning can foster ownership of the projects and knowledge that is generated, such that the
knowledge itself becomes more useable, tactile and real. To support this underlying assumption
of learning, we organize the ENCLUDE Academy around frequent, regular meetings over a
relatively long period of time, in order to foster familiarity and create a community. We will
also support a mixed structure of both formal and informal meetings, so that the online format
can be adapted to various modes of communication. Finally, we have designed the Academy
assuming ample time for discussion in small groups. We think that valuable information and
perspectives can be exchanged during these discussions. To facilitate communication across
many language groups, we will work with a variety of online simultaneous translation tools for
plenary sessions, as well as rely on language-group hubs and matched language facilitation for
work sessions.
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5.1.3. ENCLUDE Academy curriculum and schedule

Table 5-1 below summarizes all information described above. For the videos listed, participants
are expected to have viewed them before attending the session. The session itself will be
focused on discussion of the topics in the videos and eliciting the participants’ expertise and
experiences in relation to these topics.

Table 5-1: ENCLUDE Schedule and Curriculum

ENCLUDE Academy Curriculum and Schedule
. Activit Leadershi Casual
# Date Activity vy Mode e? .ers .1p .a.sua .
type/Track* participation | participation
2022
9.9 Kick-off meet and greet —
0 ’ Introduction to ENCLUDE Plenary/K+A Online X X
and the ENCLUDE Academy
Module 1 introduction —
1.1 | 06.10 Diving into the energy Plenary/K «“ X X
transition (Videos 1.1-1.3)
Module 1 work session — Grou
1.2 | 13.10 | Design thinking workshop — . . P “ X
“ » discussion/A
Empathy
Module 1 work session —
13 | 2010 Demgn thlnklng workshop — « « X
Linking “Empathy to
Defining”
14 | 27.10 Module 1 wrap-up — Plenary/K+A « X x
Integrating ideas and action
Module 2 introduction —
2.1 | 03.11 Energy access and Plenary/K «“ X X
availability (Videos 2.1-2.3)
Module 2 work session — Gro Online/In-
. s u
2.2 | 10.11 | Design thinking workshop — . . P person X
« . . , discussion/A
Defining continued hubs
Module 2 work session —
2.3 | 17.11 | Design thinking workshop — «“ «“ X
“Linking defining to ideating”
Module 2 -up — .
2.4 | 24.11 ° u ¢ . wrap-up . Plenary/K+A Online X X
Integrating ideas and action
Module 3 introduction —
E ffici
3.1 | 0112 nergy efficiency and Plenary/K « X X
prosumerism (Videos 3.1-
3.2)
Module 3 work session — Grou Online/In-
3.2 | 08.12 “Ideating with systems . . P person X
e discussion/A
thinking hubs
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Module 3 work session —
33 | 15.12 “Linking ideating to “ «“ X
prototyping”
2023
Modul k ion —
34 | 1201 odu“e 3 wor .se’s’swn « « X
Prototyping

Module 3 work session —
3.5 | 19.01 L « «
“Check in with mentors” X

Module 3 wrap-up —

3.6 | 26.01 . . Plenary/K+A «“ X
Integrating ideas and action
Module 4 introduction —
Energy affordability and .
4.1 | 02.02 Pl /K Onl
Renewable Energy (Videos enaty fne X X
4.1-4.2)
Module 4 work session — Online/In-
4.2 | 09.02 “Linking prototyping to Group erson X
' ' £ pro p” & discussion/A P
testing ideas hubs

Module 4 work session —
4. 16.02 « «
3 6.0 “Check-in with mentors” X

Module 4 k ion —
a4 | 3.0 0(1u e 4 wor sesswn” « « X
“Testing in the real world” «

Module 4 work session —
4.5 | 02.03 « «
“Check-in with mentors” X

46 | 0903 E’[Odl.lle 4 work ses.sion : « « X
Testing ideas continued

Module 4 work session —
4. 16. « «
7 6.03 “Check-in with mentors” X

Module 4 wrap-up —

4.8 | 23.03 Integrating ideas and action Plenary/K+A i X
Module 5 — Presentation of Online/In-
5.1 | 30.03 | energy citizenship initiatives “ person X X
(part 1) (Video 5) hubs
Module 5 — Presentation of
5.2 | 20.04 | energy citizenship initiatives “ “ X X
(part 2)
Module 5 — Presentation of
53 | 27.04 | CMEYEY citizenship initiatives “ « X X

(part 3)
Final celebration
Conclusion of ENCLUDE Academy

*K = knowledge track, A=action track

5.1.4. Online modules and platform

The online modules will be an integral part of the Academy’s curriculum for both the
knowledge and action tracks. On the one hand, they will introduce participants to the specific
topics of the module’s theme that will be discussed in the plenary sessions, while on the other,
they will allow for assessing the participants’ involvement with the content (in-depth
explanation can be found in the following section). The modules will be incorporated in an
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online platform based on the Open edX software for developing learning experiences. The
platform will be used in the Academy as a meeting point between the participants and
organizers as well as for content dissemination, e.g., for the videos. The platform is chosen
based on the technical possibilities it offers for developing and implementing a collaborative
workspace, from scheduling meetings and uploading different materials, to organizing different
types of assessments. The platform is well-established and tested for stability and offers a cost-
effective means for ENCLUDE to organize such an online experience. It also offers interactive
possibilities for design activities with participants. The following screenshots are taken from
the open edX platform that is currently under development.

Figure 5-1: Preliminary interface for navigating the course material of the Academy

Course  Progress Dates  Discussion  Instructor

ENCLUDE Academy

Welcome to ENCLUDE Academy

Enroll now to access the full course.

Course Tools

Pick up where you left off M Bookmarks
+
+

@ Launch tour

Expand all Course Handouts

1. Example handout

©  Introduction

) Example Week 1: Getting Started

Figure 5-2: Example of a course description

Course  Progress Dates Discussion Instructor

A Course | Example Week 1: Getting Started |  Lesson 1 - Getting Started

< Previous a3v | [ [ _[] -] | O r =] = =] Next >

Getting Started

[ Bookmark this page

GETTING STARTED

The ENCLUDE Academy for Energy Citizen Leadership is an online program for leadership development and
civic engagement for decarbonization. Participants will hone their individual leadership and collective
organization skills and connect to one another and to energy experts.

The program aims to help people that are interested in making a change in their own communities to reduce
carbon emissions. It is for people who want support in realizing concrete ideas they already have related to
the energy transition or those who would like to find that idea. The envisioned impact of this program is to
launch a bottom-up mobilization of energy citizenship by training influential individuals that can help change
energy behaviors and engage other citizens in the transition.

« Duration: September 2022 to April 2023
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Figure 5-3: Example of a video lesson

Course  Progress Dates Discussion Instructor

# Course /| Example Week 1: Getting Started |  Lesson 1- Getting Started

< Previous av - - e - & a &

ASPECTS OF AN INCLUSIVE ENERGY TRANSITION

[ Bookmark this page

ENERGY ACCESS AND ENERGY AVAILABILITY

e Introducing ENCLUDE project

citizenship” from
Wthe ground-up

Next >

5.1.4.1. Assessment and engagement

By developing and implementing the modules through the open edX platform, we are able to
closely monitor the engagement of all participants with the videos and the other relevant
materials. The platform allows for monitoring the engagement of participants (time spent on
different resources) as well as for structuring the videos in a quiz-like format, where
participants will need to answer a certain question after/before watching a video. In this way,
we will be able to determine the clarity of the material presented in the videos and adjust it
accordingly before the next online session. Open edX is not the only means by which we will
assess engagement, as we will be also relying on the discussions and feedback that will be

carried out during the work sessions in Modules 1-4.

Figure 5-4: Example of interactive questions

Course Progress Dates Discussion Instructor

A Course /| Example Week 1: Getting Started | Lesson 1 - Getting Started

Energy access

[ Bookmark this page

Interactive Questions

1 point possible (ungraded)

Which are the indicators for measuring progress towards the UN's Sustainable Development Goal 7 on energy access?
[] energy sustainability
] energy reliability

O energy affordability

< Previous 8v e L[] a | = a = a

Next >
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5.1.4.2. Examples of online videos and module scripts

As an integral part of the Academy, the online videos of various energy transition topics will
be hosted on ENCLUDE’s server and connected to the edX platform, offering participants easy
access. The module scripts as well as examples of several videos are presented in this section.
Videos are divided in several modules, and they can be accessed by clicking on the underlined
video titles.

Module 1 — Diving into the energy transition
Video 1.1 — Introduction to ENCLUDE and the ENCLUDE Academy

Hi, my name is BinBin Pearce and I am the coordinator for the Horizon 2020 project Energy
Citizens for Inclusive Decarbonization” (ENCLUDE). This three-year project started in June
2021. In this video, we want to give you a brief overview of what we aim to accomplish. To
begin, we want to better understand the concept of energy citizenship and how it can contribute
to an inclusive process of decarbonization in Europe and beyond.

There are three objectives of ENCLUDE:

e First, we want to define and create a typology for the concept of energy citizenship from
the ground-up, both by consolidating existing definitions and by going into the field to talk
to a di-verse range of people who are energy citizens themselves or those who have an
impact on or affected by energy citizenship.

e Our second objective is to make the concept actionable for policy makers. To that end, we
plan on creating an interactive policy platform that can help policy makers identify whether
and how energy citizenship can help them meet decarbonization targets in their specific
contexts.

e Our third objective is to not only write and talk about energy citizenship but also to help
mobilize action on the ground using what we learn about the concept. To this end we will
be creating an ENCLUDE Academy for energy citizen leadership, which will train and
support 50 participants, both individuals and from NGOs from across the EU, to initialize
decarbonization actions of their own. You have all been invited to be a part of the
ENCLUDE Academy. You are the energy citizen leaders that we are aiming to connect with
as a part of this project. We hope we can work together with you, support you, to make your
ideas come alive and to learn from your work in your communities towards
decarbonization.

This consortium is made up of modeling experts specializing in ABM and IAM and
environmental NGOs, SMEs who are active in the energy sectors as well as social scientists
from a variety of institutions. In total we are 13 institutions and speak 12 languages among us.
Members of this consortium, along with other partners across the EU who are helping us in this
endeavor, will be accompanying you in the ENCLUDE Academy. We are excited to have you
onboard as an important part of the decarbonization efforts in the EU and beyond! We are here
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to support you, learn from and share with you knowledge that we think may be helpful to you
in the important work that you are doing in your communities!

Video 1.2 — What is energy citizenship and why does it matter?

Video 1.2
What is energy citizenship

and why dd®s it matter?

What is energy citizenship?

Energy citizenship is a term that has come to represent active public participation within energy
systems. Important questions around energy citizenship concern the rights and responsibilities
of energy citizens as well as issues of energy justice, democracy, security and diversity. Energy
citizenship also relates with supporting people to act, both collectively and individually,
towards a more sustainable future.
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Why does energy citizenship matter?

As an umbrella term, energy citizenship includes many energy- and citizenship-related
concepts that modern societies strive to reach and attain. From an energy perspective, energy
citizenship relates to enjoying the benefits of energy security on a personal, regional and
national level, being able to use environmentally friendly energy technologies and domestic
de-vices with high efficiency ratings. From a citizenship perspective, energy citizenship relates
to the participation and decision-making power that citizens have across democratic societies,
which when related with the energy context, empowers citizens to make decisions to directly
influence the energy system.

But why does it matter for countries or citizens to be energy free and secure? Well, access to
clean, cheap and secure energy sources is not a basic human right, and within the current
system, citizens barely have any deciding power regarding the type and the origin of the energy
source. In a way, energy citizenship works towards making the access to clean, cheap and
secure energy one step closer to becoming a basic human right.

Video 1.3.1 — What is the energy transition?

Video 1.3.1

What is the energy
transition?

What does energy transition mean?

The energy transition is a pathway towards transformation of the global energy sector from
fossil-based to zero-carbon. At the heart of the transition is the need to reduce energy-related
CO2 emissions to limit climate change. Decarbonization of the energy sector requires urgent
action on a global scale, supported by renewable energy and energy efficiency measures
implemented across all societal levels. This in fact means that the energy transition is much
more than redesigning and reshaping the current energy system, considering that each and
every aspect of our lives and daily activities are directly related to using energy.
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Why do we need this transition?

The energy transition is a crucial enabler of sustainable development and will greatly contribute
to climate resilience. Forward-looking actions will create new jobs, stimulate growth and
harvest social and health benefits. However, the process is not uniform, nor it provides one-
size-fits-all solutions. It reflects diverse priorities and entails a combination of abilities,
technologies, policies, finance and resources. While the specific path to the end goal depends
on individual circumstances, the destination is common. The process must be just, inclusive
and systemic to ensure that no one is left behind. International and regional cooperation is
essential to facilitate the sharing of experiences and good practices.

What can we learn from past energy transitions?

Historical examples of energy transitions show that there are some critical issues to be
considered when undertaking action for supporting this transition. These include the speed of
transitions across different sectors and the overall economic system, the price of different
energy services (including cost of fuel and technologies), any shocks that may influence the
energy system, potential benefits to stakeholders that are impacted by the energy transition, the
role of different stakeholders (emphasizing the role of the government to regulate and energy
companies and externalities), impacts of the transition to different industries (both in terms of
benefits and threats/risks) and the related societal transformations. Significant importance is
also placed on the uptake of technologies and the increased electricity/energy consumption. All
of these elements are also involved in the current energy transition, with one important
difference — the effort put in improving energy efficiency and thus decreasing energy
consumption.

Video 1.3.2 — Collective actions and societal transitions

Video'1.3.2
Collective actionstand

societal transitions

The energy transition can easily be regarded as a societal transition, considering the areas of
our modern societies that will be impacted and transformed — from utilizing renewable energy
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technologies to power the industry and our society and keep us mobile to warming and cooling
our homes and workplaces, as well as enabling consumers to actively participate in pro-duction
and consumption across different scales in the system. New technologies allow for new energy-
related behaviors to emerge, enabling citizens to take direct action to support the transition. But
what else is needed to effectuate this societal transition? To answer this question, we turn to
historical examples of large-scale societal change, not necessarily related with energy topics.
Such examples in which citizens took the center role in bringing that change may offer us great
insight in ‘what’ and ‘how’ were things changed due to the collective action of citizens. For
this reason, we choose two examples: 1) the story of tobacco in the US, and ii) the American
Civil Rights Movement.

(3
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These past collective actions bring valuable insights that may be applied to the energy transition
context, as they show the different transformation pathways through which change hap-pens at
large scale. While tobacco’s story points towards the need of a positional leadership as a crucial
element for imposing control measures on an incumbent source of power and for influencing
the social norms, the American Civil Rights Movement reveals the role and im-portance of
small-scale collective actions and community leadership for introducing legislation and
bringing the needed social change. These collective actions are also centered around different
resources — cigarettes as a tangible product, and justice as a non-tangible resource. As the low
carbon transition has elements from both collective actions, meaning that both positional or
legislative support as well as changing people’s norms and behavior is needed, the insights
from the analysis may be related not only to the use of technology and the related practices,
but also to the justice elements found within the changes that need to be carried in the future.

Module 2 — Energy access and energy availability

Video 2.1 — Aspects of an inclusive energy transition — energy access and energy availability

114



/|]
Vid]eo 21

Aspects of an mcluswe energy
transition — energy actess and energy
availability

SUSTAINABLE M
¥ DEVELOPMENT T ALS

6000 HEALTH
l.ﬁlll-

DECENT WORX AND
ECONOMIC GROWTH

N
(‘\.V(‘,'_,

o

15 E):}H!:

How is energy access defined by the UN? How is energy availability defined by the UN?

As part of the Sustainable Development Goal 7.1, the United Nations sees the universal access
to affordable, reliable, and modern energy services by 2030 as a prerequisite and catalyst for
improving the living and working conditions of all the world's people, especially the poorest
and most vulnerable populations who lack any modern energy services. Such energy access is
integral to the transition to an inclusive, just, sustainable, secure, and net-zero emissions energy
system in line with the Paris Climate Agreement.

Energy availability relates to energy becoming widely available, especially in poorer countries.
That availability also relates with having different energy types and sources. In poorer
countries, energy availability has begun to accelerate, energy efficiency continues to improve,
and renewable energy is making impressive gains in the electricity sector.
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How do these concepts relate to the need and concerns of the energy transition?

One of the goals of the energy transition is to ensure universal access to affordable, reliable,
and modern energy services, considering the principle of ‘leave no one behind’. Transitioning
towards a just, inclusive and sustainable system directly relates to allowing everyone to
participate in a system which is built by considering people from different walks of life.
Moreover, decarbonizing our societies must be underpinned by renewable energy technologies
that will increase energy availability and will improve the overall energy mix of different
countries, both developed and developing.

Video 2.2 — Energy as a system — introduction to systems thinking
How is energy a system?

If we take a macro perspective to observe our world system, we will see that energy is the
connecting tissues of all related subsystems. Energy is contained within all environmental sys-
tems and processes; energy in the form of solar radiation and gravitational attraction is what
enables life on this planet. Zooming in, we can also define energy to be a system — depending
on the energy source, energy is transformed through different processes in order to power our
modern societies. In simple terms, energy as a system connects different societal and
environmental building blocks and provides the driving force of our modern ways of life.

How is energy related to other systems?
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As a system that transforms different types of energy sources into a usable form of energy that
gives us sustenance, energy as a system is closely related with other world systems. Two of the
most important relations of energy with other such systems is encapsulated within the energy-
water-food nexus. Energy in different forms is needed in all aspects of our existence — from
having access to clean and fresh water, to being able to grow and transport food across vast
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supply chains. In fact, the energy-water-food nexus shows the interconnectedness of three
important systems that sustain life on our planet, in which energy acts as the in-put resource.

What are the various scales that are relevant to an energy system?

An energy system is a complicated technical network that connects different sectors, societal
levels and types of consumers within and outside of national borders and geographical regions.
Such a complicated system is composed of different elements and subsystems, and any analysis
relates to setting some boundaries of the system to easily represent the components. When it
comes to the different scales of the energy system, the ‘top down’ perspective enables us to
understand that the European energy system is composed of different national systems
composed of different national sectors. From the ‘bottom up’ perspective, the analysis begins
with the energy devices and appliances used in one household, through the neighborhood and
municipal scale.

How does this link to design thinking?
Interactive element: How does energy link to other issues in your community?

Video 2.3 — Energy citizen highlight video
Showcase of a local project focused on energy poverty and fuel access (Ireland? Africa?)
Module 3 — Energy efficiency and prosumerism

Video 3.1 — Aspects of an inclusive energy transition — energy efficiency and prosumerism

Video 3.1 ‘
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What role does consumption play in the energy transition?

Transitioning away from fossil fuels requires the uptake of renewable energy technologies,
investing in energy efficiency measures as well as modifying our current consumption

117



behavior. Technical advancements allow for improving efficiency and decreasing consumption
while increasing the comfort and securing the needed reliability of the energy system.
Consumption plays an integral part of the transition — changing the consumption will support
and speed up the transition, enabling us as end users to retain and advance our standard of
living. However, influencing consumption is not an easy job, nor can it be done quickly.

How do energy behaviors impact the effectiveness of energy efficiency measures?

Energy behavior is often characterized as a set of individual actions that influence energy
consumption and production. By understanding the interaction between human behavior and
the physical variables of buildings they occupy and the technologies they utilize, we can un-
tangle the complex relationships affecting energy use and get a clearer idea where energy and
emissions savings can be made. Understanding the energy behavior is crucial for developing
the correct efficiency measures that will provide the largest benefits on the long run. This means
that the ‘right’ mix of policies, technologies and behavioral changes have the greatest potential
for emissions abatement.

But what about prosumerism, what does it mean?
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Simply put, a prosumer is someone who both produces and consumes energy — a shift made
possible, in part, due to the rise of new connected technologies and the steady increase of more
renewable power like solar and wind onto our electric grid.

Video 3.2 — Energy citizen highlight video
1. Showcase of a local project focused on energy efficiency

2. Showcase of a local project focused on energy poverty
3. Showcase of an ENCLUDE Academy mentor
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Module 4 — Energy affordability and renewable energy

Video 4.1 — Aspects of an inclusive energy transition — energy affordability and renewable
energy

What role do renewable energies play in the energy transition?

Addressing climate change requires us to decarbonize the energy system by 2050. The US,
Europe and China have committed to net zero or carbon neutrality by mid-century. Other
countries are following suit. Research indicates a continued transition to renewable power
generation worldwide in the coming three decades, with shares of solar PV and wind growing
especially rapidly. Given the growth in electricity demand and the planned shift to renewable
power, a massive expansion of clean power generation and infrastructure planning will be
needed. The related investments will be huge, and it is critical to ensure that the infrastructure
rollout speed corresponds with the needs of the energy transition.

How does the affordability of new technologies affect the role that renewable energy plays in
a new energy system?

The uptake of renewable energy technologies is directly related with their costs. Research
around the world indicates that the cost of renewable power technologies has rapidly decreased
in the latest decades, with solar PV and onshore wind costs dropping by around 80% and 40%
respectively in the last decade. Such decrease in cost makes the uptake of these technologies
techno-economically feasible across different scales and sectors, speeding up the transition
away from fossil fuels.

What are different forms of energy citizenship that has taken place that have benefited from
renewable energy?
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Energy citizenship can have different forms, from technology-related types to deliberation and
consultation processes within a group of citizens. The decreasing costs of renewable energy
technologies allows those forms of energy citizenship that rely on some of these technologies
to decrease their operational costs and make their activities more relevant. In fact, energy
citizenship forms that utilize some form of renewable energy technology usually focus on
providing heat, producing electricity or a combination of the two, both in terms of individual
as well as collective use of some technology.

Video 4.2 — Energy citizen highlight video

Showcase of a local project focused on energy communities

Module 5

Video 5 — What is an inclusive energy transition for you?

A showcase of the participants of the ENCLUDE participants through short interviews

Video 6 - Final output following the conclusion of the ENCLUDE Academy — showcase of
all projects created within the scope of the ENCLUDE Academy

120



5.2. Contribution 5 — Empowering communities

Type: Research article

Author: Vanja Djinlev

Status: Published in Engineering for Social Change (proceedings of the 31st ISTE International
Conference on Transdisciplinary Engineering, London, United Kingdom, 9-11 July 2024)
ISBN: 978-1-64368-550-2 (online)

121



Engineering community resilience: A transdisciplinary early career researcher’s
journey in cultivating bottom-up energy initiatives amidst uncertainty

Abstract

Navigating the evolving landscape of energy systems demands a multifaceted approach that
combines engineering expertise with a holistic understanding of societal, economic, and
environmental considerations. Early career researchers (ECRs) play a crucial role in bridging
these disciplines, fostering innovation, and driving sustainable energy transitions. This paper
delves into the unique intersection where an ECR in the engineering field transcends traditional
technical boundaries, venturing into the realm of social sciences to foster energy communities.
By employing a transdisciplinary approach, ECRs are not only contributing to the technical
advancements in energy systems but are also actively engaging in community leadership and
development, as tenets of energy communities. The role of engineers in this context is redefined
— from mere providers of technological solutions to facilitators and catalysts of community-
driven change. However, cultivating these initiatives is not without its challenges. The paper
investigates the various forms of uncertainty that pose significant barriers to the development
of bottom-up energy initiatives. These include regulatory ambiguities, market fluctuations,
evolving technological landscapes, and financial constraints. Central to this paper is a case
study from North Macedonia — the first energy community in the country, which provides
concrete insights into the practical aspects of building and sustaining energy communities in a
transitioning energy landscape. This case study not only illuminates the challenges faced but
also showcases the strategies and approaches employed to overcome them. It serves as a
microcosm of the broader global challenge in transitioning to more resilient, community-
driven, and sustainable energy systems.

Keywords. Transdisciplinary engineering, early career researchers, bottom-up energy
initiatives, community resilience, uncertainty
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5.2.1. Introduction

At the heart of the energy transition is the need for a speedy uptake of vast renewable energy
technologies (RETs) aimed at substituting the energy production from the dominant fossil fuel
technologies and satisfy the ever-increasing energy demand (EIA, 2024). Regarded as one of
the ways for decreasing the devastating consequences of climate change, the uptake of RETs
and their integration within existing energy infrastructures transcends technical boundaries and
demands the integration of engineering, societal, economic and environmental considerations.
Central to the integration of these aspects are researchers whose roles have evolved beyond
conventional academic disciplines. For example, engineers that venture in the realm of social
sciences might contribute to the speedy implementation of the much-needed renewable energy
as they are better equipped to consider issues beyond the traditional engineering challenges.
Along with the integration of multiple disciplines, engineers may engage in transdisciplinarity
— a reflexive research approach that enables learnings between science and society (Jahn et al.,
2012). By engaging in transdisciplinary (TD) research, engineers may go beyond the
integration of disciplinary knowledge and engage with communities to solve a certain problem,
while critically reflecting on their roles and positionality.

The integration of RETs entails a shift in the way the energy system is set up and operated. The
accessibility of decentralized energy technologies with varied scales provides the opportunity
for citizens not only to take direct action in the production and consumption of energy, but also
to influence the aspects of ownership and decision making related with the energy technologies
(Teladia and van der Windt, 2024), aspects which were and continue to be quite entrenched.
Decentralized energy technologies also provide citizens the opportunity to band together and
form collectives centered around some energy aspect, including the production and
consumption of energy, promotion of efficient energy practices, and bottom-up knowledge
sharing. One such collective form is the energy community (EC), where participation is open
and voluntary, having environmental and social objectives.

This paper aims to elaborate on the potential that transdisciplinary research may play in
developing sustainable solutions for speeding up the energy transition. The paper may be
regarded as a self-reflection of the author’s own experience as a TD engineering early career
researcher (ECR). At the heart of this study is a case from North Macedonia, a country where
the author grew up, that will serve as a practical example and illustration of the challenges
faced when setting-up an EC within a transitioning energy landscape. The paper will provide
the practical steps taken to cultivate the first bottom-up, citizen-led energy initiative in the
author’s home country, aiming to improve the resilience of the community amidst uncertainty.
Through a critical reflection of the steps, the paper will outline the variety of issues and
learnings that TD engineering ECRs may expect to experience when initiating bottom-up
energy initiatives.

The remainder of the paper is structured as follows. Chapter 1 outlines the role of TD in

developing sustainable societal solutions, while Chapter 2 sheds light on how bottom-up energy
initiatives may contribute to increasing communities’ resilience. Chapter 3 provides the details
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of the context in North Macedonia, followed by the methodology shown in Chapter 4. The
results are given in Chapter 5, while Chapter 6 discusses and reflects on the study.

5.2.2. Role of TD research in developing sustainable societal solutions

Transdisciplinary research has become a critical paradigm for tackling complex and
multifaceted problems that cannot be sufficiently addressed by traditional disciplinary
approaches, whether used in isolation or in combination. Sustainability challenges, such as
climate change, social inequalities, and resource depletion, transcend disciplinary boundaries
and demand collaborative, knowledge-integrating approaches (Lang et al.,, 2012).
Transdisciplinary research goes beyond the blending of multiple disciplines
(multidisciplinarity) or the cooperation of several disciplines (interdisciplinarity), as it relates
to ‘purpose-driven collaborative processes of knowledge production among researchers of
different disciplines, inter- and transdisciplinary fields, and representatives of private and
public sectors including civil society’ (Pohl et al., 2021).

At its core, transdisciplinary research processes are reflexive (Jahn et al., 2012), problem
oriented and have a participatory, co-productive nature (Lux et al., 2019). These co-productive
processes empower various actors to share their expertise and insights, breaking down the
traditional dichotomy between knowledge production and application. Transdisciplinary
approaches recognize that problems are situated within real-world contexts and necessitates the
integration of practical knowledge, interests and values as essential to solving the problems
(Renn, 2021). As such, the solutions derived from transdisciplinary interventions are often
more robust, contextually sensitive, and have greater buy-in from the communities affected by
the problem.

However, implementing transdisciplinary research presents unique challenges. Collaboration
between researchers from vastly different fields, along with societal actors, requires fostering
a culture of mutual respect, effective communication, and a willingness to navigate different
epistemologies (Djinlev et al., 2023), and it requires significant effort in terms of coordination
and communication between individuals (Hohl et al., 2019). The success of such initiatives
often depends on the ability to manage these complexities effectively, highlighting the need for
frameworks and tools that can facilitate transdisciplinary collaboration.

5.2.3. Bottom-up energy initiatives for increased community resilience

Decentralized energy technologies enable direct citizen participation in the energy transition,
unlocking new forms of citizen engagement in the system, both as individuals and as groups.
People are setting up or joining ECs, they are pooling resources to install RETs, coordinate
their energy consumption and production (Kianmajd et al., 2016), collectively invest in
retrofitting (Yaduyanshi and Park, 2023) and increasing the energy efficiency of their homes
and community buildings, as well as investing for the sole purposes of financial profits
(Guetlein and Schleich, 2023). To this end, policy makers have implemented a wide range of
strategies to empower individuals and communities in becoming more ‘active’. From
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disseminating information to providing access to financial incentives such as tax credits and
subsidies, policy makers have been instrumental in supporting individuals and communities to
uptake and democratize the access to new RETs. The European Commission for example has
introduced directives that recognize Citizen Energy Communities (CEC) and Renewable
Energy Communities (REC) as crucial supporting factors of the energy transition. Aside from
increasing the uptake of RETs, both types of communities are expected to have positive
environmental, economic and social impacts on all members (Bielig et al., 2022).

As the number of ECs continues to increase, their contribution in reshaping the system and
expanding the capacity of RETs is becoming more evident. The uptake of RETs enables the
distributed production and consumption of electricity without relying on the vast electrical grid
systems. In other words, electricity can be produced and consumed within the community,
safeguarding the community from technical issues of congestion or perturbation of the
electrical grid outside of the community. Therefore, ECs may better guarantee security of
supply and well-being of community members in remote areas that suffer from energy
disruptions while at the same time improving the access to RETs.

When discussing the resilience of a community from an energy engineering perspective, the
Energy Resilience (ER) framework developed by Arup serves as a basis (Arup, 2019). This
framework enables the determination of challenges and opportunities for improvement of
energy systems, regardless of their size. Considering the applicability of the framework across
energy systems of different sizes, in this paper, the ER framework is adapted to correspond
with the features of a small rural community that seeks to improve its energy resilience. The
adaptation entailed a selection of specific variables from the three dimensions of the ER
framework, reframed as a community’s ability to: 1) minimize the duration and impact of
energy disruptions, ii) maintain energy security and well-being during disruptions and energy
price fluctuations, iii) improve access to renewable energy technologies and iv) improve energy
efficiency. The variables of the framework were chosen based on the ECR’s knowledge of the
local context, along with the goals of improving sustainability and environmental protection
activities. Despite choosing technical variables from the ER framework, the expected benefits
go beyond the technical realm and include also positive social and environmental impacts.

Advancing the resilience of communities from an energy engineering perspective has
significant climate benefits. When the duration and impact of energy disruptions are
minimized, communities reduce their consumption of fossil-fuel-dependent generators and
stoves, thus minimizing indoor and outdoor pollution. Maintaining energy security through
diversification of energy sources further reduces the consumption of fossil-fuel-dependent
technologies and it contributes to safeguarding the community from fluctuating energy prices.
Moreover, improving access to renewable energy technologies directly reduces greenhouse gas
emissions and further stabilizes price fluctuations, providing potential income source for the
community from the sales of excess electricity to the grid. Lastly, improvements in energy
efficiency reduce energy demand and expenditure, further reducing the greenhouse emissions
and strengthening the income stream of the community.
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5.2.4. Setting up the context: North Macedonia

Nestled in the heart of the Balkan peninsula, North Macedonia confronts a complex energy
landscape, as it seeks to diversify its carbon-intensive energy sector. The country relies
primarily on low-grade lignite coal for its electricity production (39.7%), followed by natural
gas (28.1%) and hydropower (26.4%), while biofuels and waste (20.7%) take the third place
after coal (62.9%) and hydropower (14.2%) in terms of the overall domestic energy production.
North Macedonia’s energy needs are satisfied mostly by imports, as the energy import
dependence reached more than 60% in 2021 (IEA, 2021).

Faced with these challenges, the country actively pursues the diversification of its energy mix
as the pillar of its energy transition goals. Phasing out coal and increasing the share of
renewable energy are the country’s main concerns, as the electricity production from
renewables reached 26.5% in 2022. To phase out coal by 2030, the government launched
projects for the construction of gas/hydrogen-fired power plants aimed at replacing the existing
coal infrastructure (Enerdata, 2024).

As a candidate country for the European Union (EU), North Macedonia is currently
harmonizing its national legislation across different sectors, including energy and environment.
The harmonization of the legislation is expected to attract foreign direct investments and
modernize the energy sector, while the integration in EU’s internal energy market is expected
to increase the energy security of the country (IMF, 2024). In terms of direct citizen
participation in the energy system, the country has enabled households to install up to 6 kW
capacity of rooftop solar power plants and to sell the surplus of electricity. However, there is
no national legislation concerning energy communities or any types of bottom-up citizen-led
energy initiatives. This lack of legislation is the main barrier to the creation of energy
communities or any other type of citizen-led energy initiative. The following chapter provides
the methodology behind creating the first energy community in North Macedonia amidst the
uncertainty of having no legislation.

5.2.5. Research strategy

The creation of the first energy community in North Macedonia was a long process that
included different intertwined tasks that went beyond the engineering domain. As a TD activity,
the creation of the energy community was grounded in the cross-section of energy engineering
and social sciences, integrating the knowledge from both academic and non-academic sources.
The methodology included a mixed methods data collection approach coupled with the
necessary techno-economic energy modelling study. Despite the tasks being intertwined, there
were four distinctive steps that led to the creation of the energy community, without considering
the installation of the equipment as the final necessary aspect.

Step 1: Field research

The first step included a visit to the community to understand the situation on the ground. The
community is located in Belitsa, a rural area in the region of Kichevo, with a population of
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around 100 people. When visiting the area, particular attention was paid to the types and
conditions of the buildings present in the community, the layout of the area and its
surroundings, the energy sources used for different purposes, the energy infrastructure in place,
and the potential natural resources to be used as energy sources.

Step 2: Workshop - The ENCLUDE Academy for Energy Citizen Leadership

After determining the current situation on the ground, the next step was to understand the
problems and needs of the community in terms of energy, as well as to co-create the potential
solutions together with the members of the community. For that purpose, the program that was
developed and used in the context of the ENCLUDE Academy for Energy Citizen Leadership
as part of the H2020 ENCLUDE project, was also used to set up the energy community in
Belitsa. Created as an online leadership development and civic engagement program, the
ENCLUDE Academy aimed at helping citizens interested in making changes in their own
communities to take local, bottom-up action in support of decarbonization. The program was
structured around design thinking for systemic transformation (Pearce and Djinlev, 2024), and
it was delivered in more than 40 hours over the course of six months.

In the context of Belitsa, the ENCLUDE Academy program was adapted and delivered as a
two-day workshop, retaining the original structure. This means that the community members
were able to go through the first three steps of the design thinking methodology (empathizing,
defining and ideating) of the ENCLUDE Academy program through an intense work process.
The workshop kicked-off with the creation of a rich picture as an initial step for creating
common understanding and bringing all residents on the same page while enabling individual
perspectives of the context to be equally represented. The last two steps of the design thinking
methodology (prototyping and testing) were done together with the facilitator of the workshop,
i.e. the author of this study. Considering the lack of technical/engineering competences of the
participants, the facilitator provided the contextual boundaries (including but not limited to the
technical features of RETs and relevant regulatory frameworks) within which technical
solutions were proposed. Taking this approach, the facilitator ensured that the participants
could go through all phases of the design thinking methodology.

The program was attended by members of the rural community Belitsa and members from three
neighboring communities, along with a representative from the Kichevo municipality and
representatives from non-governmental organizations working in the local community.

Step 3: Interviews with community members

The next step of the methodology was pivotal in gaining in-depth insights into the community’s
expectations regarding the technical solutions determined in the previous step. By engaging
directly with community members, this step aimed to delve beyond the understanding from the
previous steps, uncovering the nuances of how the community interacts with energy on a daily
basis. These interactions served not only to identify the specific technological solutions that
would best meet the community's needs but also to understand the broader expectations from
such interventions. This approach ensured that the proposed energy technologies would be
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well-aligned with the community's expectations and energy practices, fostering a sense of
ownership and acceptance among the members.

Understanding the community's energy practices and norms through these interviews was
crucial for tailoring the energy solutions to fit seamlessly into the existing context.
Furthermore, the discussions around financing shed light on the economic landscape of the
community, revealing the financial capabilities and related constraints faced by the members.
This knowledge was vital for designing financially viable and accessible energy solutions that
fully align with the socio-economic fabric of the community.

For this reason, interviews were organized with the three official community representatives
(the community leader, the person responsible for finances and administrative issues, and the
person responsible for outreach and public relations). The interviews lasted between 50 and 70
minutes and they were audio recorded. The recordings were used for creating interview
transcripts that were stored, in an anonymized form, on the researcher’s computer. Considering
the low number of interviews, no interview analysis software was used and instead, the coding
was done by the researcher.

Step 4: Techno-economic analysis

After determining the energy demand and learning about the energy practices, expectations of
the community in terms of energy technologies and the financial situation, the final step
included the techno-economic analysis of potential energy solutions. More specifically, the
feasibility study aimed at determining the technical solutions with the lowest Levelized Cost
of Electricity (LCOE) and the highest possible penetration of RETs. For that reason, the
HOMER software was used, which is a tool used for designing and analyzing microgrids and
distributed energy projects. HOMER allows the optimization of the mix of renewable and
conventional sources in a power system to meet specific objectives, such as minimizing cost,
reducing emissions, or improving reliability. HOMER simulates the operation of a system by
evaluating a wide range of technology options and identifying the most cost-effective and
efficient solution for the specified operating conditions. It assesses the interaction of energy
technologies and models their economic and technical feasibility by considering factors like
variability in renewable resource availability, energy demand patterns, and costs associated
with installing and operating different technologies.

5.2.6. Overview of the findings

The field research (step 1 of the methodology) aimed at determining the layout of the area, the
types and conditions of the buildings, the energy sources that are currently used, along with the
existing electrical infrastructure and the potential for developing and using renewable energy
sources.

Through the adapted ENCLUDE Academy program, step 2 of the methodology aimed at
determining the problems and needs of the community in terms of energy, as well as to co-
create the potential technical solutions together with the members of the community. In this
step, the TD engineering ECR played a crucial role as a facilitator in the workshop, guiding the
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participants through the existing energy regulatory landscape towards feasible technical

solutions that may be applicable in the given context, based on the learnings from the field

research. By following the ENCLUDE Academy program, the following problem statements
were coined:

» PS1: The rural area [of Belitsa] needs a stable supply of electricity with no interruptions
(blackouts or brownouts), however the electrical grid of the village is old, has low capacity,
and has limited interconnectedness with the villages in the vicinity.

» PS2: Residents [of Belitsa] want to increase their thermal comfort and decrease their energy
costs by changing their current biomass heating systems with more efficient systems,
however they cannot rely on air-to-air heat pumps due to the old electrical grid in the
village.

» PS3: Residents [of Belitsa] need to modernize their current social gathering center to be
usable throughout the year, however due to the current biomass heating system and the high
energy expenditures associated with it, the center is not used in winter.

After defining the problem statements, the next step revolved around the ideation of potential
solutions in respect to the identified problems. Prior to this step, the facilitator gave a brief
overview of technologies which might be applicable to the context, focusing on RETs. The
following technical solutions were proposed:

e Change the area’s electrical grid into a fully oft-grid system powered by RETs only,

e Use the river to install a second hydropower plant,

e Install solar PV on the social center,

e Install solar PV on the place of worship,

e Install solar PV on all houses in the area,

e Install air-to-air heat pumps in all buildings,

e Use a single, community-owned geothermal energy technology,

e Construct community-owned wind turbines,

e Use a biomass-based combined heat and power (CHP) plant for the area,

e Develop the agriculture in the area with agri-photovoltaics (agri-PV).

The last step of the methodology included the techno-economic analysis of a system that
corresponded to all input parameters collected in the previous steps. The available finances of
the community were the main constraint that influenced the choice of the idea (technical
solution) elaborated in the previous steps. After considering the collected data, the technical
solution included a combination of a few of the proposed ideas, and the project implementation
was divided into five phases, with different start dates and activities. The first phase involved
the installation of a solar PV system on the social center with a combination of air-to-air heat
pumps. The combined system includes a 20-kW solar PV with two 7.5 kW air-to-air heat
pumps, and a bidirectional 40 kW smart meter. The second phase is the expansion of the solar
PV system, with an additional 20-kW solar PV system. The total installed capacity of 40 kW
solar PV on the social center will not be expanded in the future, due to the legal constraints
regarding energy self-production on a single (connection) point by legal entities. Therefore, the
subsequent phases include the expansion of solar PV systems across the community but at
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different connection points to the grid, keeping up with the 40-kW capacity constraint. These
systems will be installed on individual households throughout the community, as well as on
communal agricultural spaces, with the idea of creating the first agri-PV instance in the country.

5.2.7. Discussion and reflection

The creation of the first energy community in North Macedonia, as presented in this paper,
serves as evidence of the role that TD engineers can play in driving sustainability transitions
through bottom-up initiatives. This case study demonstrates how the proposed technical
solution supports the community’s resilience from an energy engineering perspective, as it
contributes to the minimization of the energy disruptions due to the locally produced electricity.
The locality of the production also provides benefits for the energy security and well-being of
the community, as during disruptions the solution maintains the access to electricity and
safeguards against grid price fluctuations. The installation of solar PV systems improves the
access of the community to RETs, while the proposed activities contribute to the overall energy
efficiency improvement. In general, the proposed technical solution has positive
decarbonization effects, aligning with the country’s broader environmental objectives and
climate commitments.

The TD approach adopted throughout the process was instrumental in developing the bottom-
up solution. Aside from considering engineering solutions, the approach considered the social,
economic, environmental, and behavioral contexts of the community in relation to energy. In
essence, the overall approach recognized that local problems might not be confined to a single
academic discipline, and that any sustainable solution provided needs to go beyond disciplinary
boundaries and consider a collaborative approach. By integrating the academic and non-
academic knowledge through a participatory process, the TD engineer helped in the co-creation
of a bottom-up solution that was not only technically viable, but also economically feasible,
environmentally sound, and socially acceptable. The integration of academic and non-
academic knowledge is at the core of a TD project [5] aimed at creating sustainable solutions
to complex problems, and by taking this approach, the TD engineer ensured further sustainable
community development.

Another important role that the TD engineer took throughout the co-creation process was to
provide the boundaries within which ideas could be proposed. The boundaries relate to the
specific uses of the technologies, their techno-economic aspect, their applicability in the
considered context as well as the current policy landscape that governs them. As a facilitator
of the co-creation process, the TD engineer ensured that the process did not get sidetracked or
disrupted by ideas that went beyond the boundaries. The introduction and overview of the
energy technologies that could be adopted in the specific context at the beginning of the co-
creation process ensured that the community members had at least the same minimal
understandings of how the technologies work and where they may be applicable.

Reflecting on the overall process, several important points must be outlined. First and foremost,
knowledge of the local context is paramount. This relates not only to the regulatory landscape,
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but also to the social relations, needs and expectations of the community, as well as their
understanding of energy-related issues, from practices to perceptions, as they influence the
whole energy system. Furthermore, trust is essential for solutions to be accepted — in situations
in which the TD researcher is an outsider of the community, building certain relationships with
members of the community enables co-creation processes to run more smoothly. The building
of trust and understanding between the community and the TD researcher also minimizes the
knowledge imbalances that may morph into power imbalances, considering that the community
has the final say across the whole process. Since the role of the TD engineer goes beyond the
standardized, engineering roles of providing technical recommendations and instead entails the
interaction with the community for joint problem-framing and knowledge co-creation, it is
essential for the TD engineer to bring energy topics closer to the community in an
understandable manner and ensure a levelized field for interaction.

One important asset that the TD engineer can utilize throughout this process is the local leader,
or the person who pushes the ideas forward within and represents the community. Since the
overall TD process is resource intensive (in terms of time, financial and human resources),
having the local leader informed and supportive of the overall process helps in establishing the
needed relationships and building trust with the community while minimizing any occurrences
that may slowdown the overall process. The local leader will also be able to take care of any
organizational and administrative aspects as well as mobilize human resources needed for
setting up and future growth of the community beyond the aforementioned steps and ensure
the overall running of the energy community.

Lastly, the uncertainties related to the lack of legislation and the evolving energy landscape are
challenges that may hinder the implementation and/or the lifespan of the project. This is even
more challenging when it comes to TD ECRs, as aside from the obligations for academic
advancement, building strong foundations in multiple disciplines and effectively bridging
disciplinary divides, having to implement and foster bottom-up initiatives — an aspect that
vastly depends on regulatory landscapes, further strains TD ECRs resources and capacities.
Therefore, it’s advisable that these researchers engage with cultures and contexts in which they
previous ties or have certain familiarity with, in order to minimize the resources needed to
develop context-relevant solutions.
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6. Summary and conclusions
6.1. Multidimensional summary of the contributions

This thesis explores where agency for decision-making and influencing the pace and direction
of the energy transition is located, how it is shaped by the technical realities, and how it can be
amplified and used to support the large-scale transformations that the energy transition entails,
both in the electricity and the heating sector. By bridging the traditionally separate domains of
engineering and social sciences, this thesis offers an interdisciplinary perspective that
integrates technical, social, and policy dimensions to provide new insights into the dynamics
of the energy transition. This perspective allows for a deeper understanding of the socio-
technical complexities involved in balancing technical system requirements with social justice,
individual agency, and collective action.

The contributions focus on themes such as collective and individual action and agency, energy
justice and capabilities for energy decision-making, multistakeholder vision alignment, and
transdisciplinary approaches for community development. Together, these themes show how
various stakeholders such as policymakers, system operators, and citizens can influence energy
systems, challenge existing social norms and entrenched power structures, and accelerate the
energy transition. The interdisciplinary lens adopted here enables the identification of gaps
often overlooked by classical engineering approaches, such as the role of social norms,
governance structures, and equity considerations in shaping technical systems. Also, the thesis
moves beyond classical social science by incorporating the technical constraints and
operational characteristics of energy systems into analyses of individual and collective agency.

By integrating these perspectives, the thesis contributes to the existing literature by
demonstrating how coordinated efforts across different scales (individual and collective) and
societal levels (citizens, businesses, system operators and policymakers) can align technical
feasibility with social acceptability. This fusion provides insights into how technical
innovations can be adapted to local contexts, how stakeholder visions can align for systemic
change, and how bottom-up citizen initiatives can inform top-down policies. Ultimately, this
research advances our understanding of how the interplay between technical systems and social
dynamics across different societal levels can steer a more sustainable, inclusive, and equitable
energy future.

6.1.1. Collective vs. individual actions and agency

A central theme in this thesis is the exploration of the agency-technical infrastructure
interaction, and how this agency was and can be exercised across different contexts, sectors
and temporal and geographical scales, to drive the necessary change for the energy transition.
Contribution 1 highlights how social movements historically mobilized collective power to
realize large-scale transformations, challenge entrenched interests and shift social norms. These
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actions set an example of how collective action can drive change, a principle that is also
revealed in subsequent studies.

In Contribution 2, the concept of agency is presented within the context of individual versus
collective heating systems, illustrating how households’ capability for energy decision-making
varies with the design of the heating system. Individual heating systems offer individual
autonomy but might worsen efficiency due to personal responsibilities to operate the system,
while collective systems may centralize responsibilities and enhance access to local resources
but require transparent governance for inclusive decision-making. Moreover, the designs of the
heating systems may also determine, together with the local contextual factors, the capabilities
for initiating or joining thermal communities, which are regarded as bottom-up collective forms
of action in the heat transition.

Contribution 3 turns to the electricity sector, focusing on the agency situated within system
operators while considering the technical constraints that shape individual and collective
action. This contribution examines how stakeholder visioning among policymakers, system
operators, and energy companies can be used to locate potential barriers to the energy
transition. By analyzing the socio-technical imaginaries of these actors, it reveals how the
structural and operational demands of the electricity grid such as balancing supply and demand,
ensuring grid stability, and integrating decentralized renewable energy sources impose
constraints that influence decision-making and the exercise of agency. Contrary to the heating
sector, the electricity sector also depends on international coordination between system
operators, further amplifying the technical constraints on the different forms of bottom-up
actions.

Contribution 4 focuses on capacity-building through the ENCLUDE Academy for Energy
Citizen Leadership, designed to empower citizens and local leaders to take active roles in the
energy transition. By integrating local insights with design-thinking methodologies, the
Academy provided participants with tools to ideate, prototype, and implement solutions
tailored to their local contexts. Through collaborative peer-learning activities, participants
developed actionable strategies to address specific challenges in their communities. This
contribution highlights how fostering individual and collective agency through structured
capacity-building programs can enable bottom-up initiatives, bridging the gap between local
actions and broader systemic goals.

Finally, Contribution 5 brings the focus to a more local, granular level, demonstrating that when
communities harness collective agency through a collaborative process, they can co-create
energy solutions that are not only technically viable but also aligned with the local context and
the specific needs and priorities. This study illustrates how community empowerment and
resilience are enhanced when collective agency is facilitated by knowledge-sharing and
participatory workshops, through a structured process that is guided by a td facilitator with
energy engineering expertise. This approach ensures that technical designs are socially
legitimized, comprehensible and adaptable to the needs of the community members, while also
meeting broader energy transition goals.
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What these comparisons reveal overall is that individual and collective agency are
interdependent and complementary. Individual agency provides the autonomy and personal
initiative necessary for bottom-up action, while collective agency comes from scaling these
efforts, aligning them with broader systemic goals. The findings highlight that the most
impactful outcomes emerge when the strengths of individual and collective agency are
integrated, and where institutional structures enable, both within the institutions and beyond,
individuals to act effectively.

A critical aspect of this integration is the role of technology, which can both enable and
constrain individual and collective agency. On one hand, technological advancements such as
smart grids and decentralized renewable energy technologies provide the means that support
more dynamic and participatory energy systems. These technologies enable individuals and
communities to own and operate them according to their needs, thereby enhancing their
decision-making capabilities and aligning their actions with collective goals. On the other hand,
technical constraints—such as the need for grid stability, interoperability of systems, and the
complexity of integrating distributed energy resources—can limit the autonomy of individuals
and the effectiveness of collective initiatives.

6.1.2. Energy justice and decision-making capabilities

The theme of energy justice, emphasized directly in Contribution 2, and indirectly across the
other contributions, highlights the need for equitable access, representation, and procedural
fairness when it comes to the transformation of technical systems. This contribution introduces
energy justice by comparing individual and collective heating systems, emphasizing that fair
distribution of costs, decision-making capabilities, and access to local resources are essential
for ensuring that all households benefit from the heating transition. Contribution 3 also touches
upon energy justice, through the need for coordinated decision-making among different
stakeholders to realize a common goal. Contribution 5 connects energy justice with citizen
engagement, showing how a td ECR may play a role in facilitating community participation,
addressing local needs, and fostering procedural justice within community-led initiatives. The
td ECR role in steering and empowering citizens to co-create solutions ensures that technical
interventions remain grounded in social contexts, supporting not only fair access but also
recognition of local needs and perspectives, with the ultimate goal of enhancing local
community resilience.

Technical constraints inherent in energy systems significantly influence how energy justice is
manifested and operationalized. For example, in the electricity sector, as explored in
Contribution 3, the centralized nature of power grids requires strict balancing of supply and
demand, grid stability, and compatibility of decentralized renewable energy sources. These
constraints can limit the ability of individual households or communities to exercise agency
and participate equitably, as the integration of distributed energy resources often necessitates
complex technical coordination and investment. In contrast, heating systems, as analyzed in
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Contribution 2, present different challenges. Individual heating systems provide autonomy but
may exacerbate inequities due to the high upfront costs and technical knowledge required for
operation. Collective heating systems, while offering more equitable access to resources,
require robust governance structures to ensure procedural fairness and prevent communities
from being excluded from decision-making processes. Furthermore, establishing or joining
collective action forms such as energy/thermal communities is directly influenced by the design
of the technical system and the local policy environment — two dimensions that are inherently
overburdened by legacy issues.

The contributions show that achieving energy justice requires bridging significant knowledge
and practice gaps at multiple levels. A key gap lies in understanding and aligning technical
solutions with social and contextual realities and vice versa — understanding the inherent
constraints that technical systems impose on individual and collective action as well as on
justice consideration, thus ensuring that decision-making processes are inclusive and reflective
of diverse needs, especially in underrepresented or marginalized communities. Some of the
contributions reveal that energy justice concerns have not been operationalized in practice
across different technical systems, leaving many communities excluded from the benefits of
the energy transition.

These insights provide a critical foundation for designing future technical systems that not only
address energy efficiency and sustainability goals but also integrate principles of equity and
inclusion. By understanding the interplay between technical system design and social
dynamics, future systems can be developed to actively enhance decision-making capabilities,
distribute benefits equitably, and ensure that all communities—regardless of their
socioeconomic or geographic context—can participate in and benefit from the energy
transition.

6.1.3. Stakeholder alignment and the role of visions

The alignment of stakeholder visions and the development of shared perspectives emerge as
crucial factors in achieving system-wide transformation, as demonstrated in Contribution 3.
This alignment represents more than a convergence of goals; it is a process of understanding
the agency associated with the different roles and their interests, priorities, and perspectives,
including those of system operators, policymakers, and energy companies. These actors operate
within the technical constraints of energy systems, such as maintaining grid stability, ensuring
interoperability, and integrating renewable energy sources into legacy infrastructures. These
constraints inherently shape the decisions and actions stakeholders can take, underscoring the
importance of shared visions to navigate and mitigate these technical limitations while making
decisions to drive the energy transition forward.

Contribution 1 lays the groundwork for this discussion by exploring how incumbent interests

can be confronted through both individual and collective actions. Historical examples illustrate
the transformative potential of these actions in challenging established norms and advocating

135



for systemic change. This contribution sets the stage for later analyses by highlighting the
importance of collective visioning as a precursor to structural transformations in the energy
sector. Contribution 1 highlights that without shared visions, the risk of fragmented efforts and
conflicting priorities increases, undermining the potential of collective actions for realizing
change.

Contributions 2 and 5 touch upon this concept by illustrating how citizen involvement can
contribute to ensuring that energy transition policies remain responsive to local needs and
contexts. In Contribution 2, the analysis of individual and collective heating systems reveals
how energy decision-making capabilities and the associated agency may shape the energy
systems. Similarly, Contribution 5 demonstrates the agency of communities that are actively
involved in the visioning processes and how they may contribute valuable insights and foster
solutions that are not only techno-economically feasible but also socially acceptable. This
participatory approach ensures that energy systems reflect the priorities and aspirations of the
communities they serve, enhancing legitimacy and public trust.

The alignment of shared visions is particularly crucial in overcoming the structural and
institutional inertia often present in legacy energy systems. As highlighted in the thesis,
traditional energy systems are often designed around centralized control and one-way energy
flows, which can be at odds with the distributed and participatory nature of emerging energy
models. Shared visions help to bridge these gaps by fostering a shared understanding of how
technical, social, and institutional systems must evolve to accommodate new forms of energy
production and consumption.

6.1.4. Interdisciplinary approaches for systemic insights

The interdisciplinary approach of this thesis is the foundation for obtaining systemic insights,
particularly in Contributions 2 and 3. By integrating social sciences and technical knowledge,
these contributions demonstrate how interdisciplinary frameworks may enhance the
understanding and address the complex dynamics of the energy transition. Contribution 1 sets
the foundation by employing social science perspectives to analyze historical examples of
collective action. The integration of social sciences into energy discussions establishes a lens
through which the possibility for change within energy systems can be better understood,
ensuring the social acceptance of technologies, understanding local needs and expectations,
and legitimizing local energy projects, to name a few.

In Contribution 2, the interdisciplinary approach becomes very pronounced. This work
combines the energy justice framework and the capability approach with engineering analysis
to assess justice issues and capabilities for energy decision-making in different types of heating
systems. The integration of disciplinary perspectives reveals critical insights into how technical
system design can influence equity and decision-making at the household level, and vice versa
— how households can influence the technical system design. The Contribution highlights the
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interdependence and influence between technical and social systems, emphasizing the
importance of aligning engineering solutions with justice issues to realize the heat transition.

Contribution 3 applies the socio-technical imaginaries framework to explore the visions of
diverse stakeholders within the electricity sector. This interdisciplinary approach brings
together technical and social dimensions to identify misalignments and potential barriers for
the transition of the Swiss electricity sector. By integrating these perspectives, the study
underscores how the alignment of stakeholder visions can drive technical and large-scale
changes. These interdisciplinary approaches demonstrate the value of bridging disciplinary
silos and cross-sectoral understandings and expectations to create actionable insights for
addressing the different challenges of the energy transition.

6.1.5. Transdisciplinary approaches as enablers for change

Transdisciplinary approaches, understood in this thesis as ‘purpose-driven collaborative
processes of knowledge production among researchers of different disciplines, inter- and
transdisciplinary fields, and representatives of private and public sectors including civil
society’ following Pohl et al. (2021), are central to Contributions 4 and 5. These contributions
go beyond interdisciplinary analysis by embedding participatory processes and practical
applications to address real-world challenges. The ENCLUDE Academy for Energy Citizen
Leadership, described in Contribution 4, outlines an example that focused on capacity-building
and action-based learning. Designed to empower citizens that were regarded as local leaders or
changemakers, the ENCLUDE Academy adopted an integrated systems and design-thinking
approach to equip participants with the tools to drive decarbonization initiatives in their
communities. The Academy’s structure, which connected participants across diverse regions,
aimed at creating space for peer learning and exchange of ideas, encouraging participants to
view their initiatives as part of a broader global effort. By emphasizing reflection-in-action and
collaboration, the program supported individual leadership to address local challenges and
create innovative solutions.

Contribution 5 outlines this approach by detailing my role as a td ECR in steering and
facilitating community-driven energy solutions. This study highlights how a facilitator can
bridge technical expertise and local knowledge, empowering communities to co-create resilient
energy systems that are both technically viable and socially acceptable. This participatory
approach not only builds community resilience but also fosters local ownership and agency,
which are critical for sustainable and locally legitimized energy solutions.

6.2. Conclusion
This thesis explored the multidimensional nature of the energy transition, emphasizing the need
for understanding where agency resides, how is it influenced by the technical system, how it

can be amplified, and how it can drive systemic transformations toward a sustainable and just
energy future. By integrating technical, social, and institutional perspectives, the research
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addresses the dual challenge outlined in the literature review - achieving global decarbonization
goals while ensuring that the transition is equitable, inclusive, and grounded in the principles
of energy justice. The contributions of this thesis jointly demonstrate that the energy transition
cannot be understood or advanced through a monodisciplinary lens — neither through
technocentric nor through a sociocentric approach. The connection between technical
infrastructures, individual and collective agency, energy justice, capabilities for decision-
making, stakeholder visions alignment, and interdisciplinary and transdisciplinary approaches
for making change, reveal the complexity of this socio-techno-institutional process. These
elements are interdependent and should be addressed jointly, illustrating that successful energy
transitions require innovative technologies, inclusive governance, adaptive institutions, and
empowered citizens and communities.

Central to this research is the recognition that agency varies according to the technical systems,
and that action exists at multiple levels, ranging from individual households to community-led
initiatives and institutional actors like policymakers and system operators. The findings go
beyond existing literature by highlighting how technical constraints influence agency,
particularly in technical systems like electricity and heating, where infrastructure design and
operational requirements impose limits on which forms of individual and collective actions can
exist, and what can they achieve. At the same time, this research demonstrates that technical
systems are not only shaped by social and institutional dimensions but can also be actively
influenced by the exercise of agency, highlighting an interdependence where agency both
shapes and is shaped by technical systems.

Contribution 1 highlights the historical role of collective agency in challenging entrenched
interests, influencing social norms, and driving structural change, setting the stage for
understanding how collective action continues to shape the energy transition today.
Contributions 2 and 5 delve deeper into the dynamics of agency, illustrating how decision-
making capabilities are shaped by technical system design and governance structures, and how
these capabilities may be exercised to influence the system. These studies underscore the
importance of aligning technical solutions with principles of energy justice to ensure equitable
access, representation, and fairness.

Contribution 3 emphasizes the role of shared visions in bridging individual and collective
agency, fostering alignment across diverse actors to overcome institutional inertia and achieve
national goals. The interdisciplinary approach in this research was crucial in generating
systemic insights. Contributions 2, 3, and 5 demonstrate how integrating social sciences and
technical knowledge can reveal the barriers and opportunities within complex energy systems,
enabling more informed decision-making and inclusive policymaking. Building on this
foundation, the transdisciplinary approaches in Contributions 4 and 5 illustrate how active
stakeholder engagement and participatory processes can co-create solutions that are both
technically viable and socially legitimate.

Ultimately, this thesis argues that the energy transition may be better understood and supported
only through interdisciplinary and transdisciplinary approaches, where technical, social, and
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institutional dimensions converge. Achieving decarbonization while addressing justice and
equity requires moving beyond siloed approaches to embrace a perspective that considers the
interdependencies between these dimensions. The overarching goal of understanding where
agency for the energy transition resides is essential for identifying how it can be exercised,
influenced, and amplified to drive systemic change. By outlining the ways in which technical,
social, and institutional systems enable or constrain different forms of agency, this thesis
provides a deeper understanding of how individual and collective actions can help in making
large-scale transformations and achieving broader systemic goals.
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7. Limitations and recommendations
7.1. Limitations

While the research in this thesis attempted to provide diverse insights across disciplinary,
sectoral, temporal and geographical dimensions to deepen the understanding behind agency,
justice, and large-scale transformations, it is not without limitations. These limitations stem
from the scope and methodologies employed, as well as the challenges inherent in addressing
such a complex topic.

The contributions of this thesis are primarily based on case studies and qualitative analyses,
which, while rich in context and detail, may limit the generalizability of the findings. For
example, the focus on the Swiss electricity sector in Contribution 3 and on European heating
systems in Contribution 2 offers deep insights into these specific contexts and the different
technical systems but may not fully apply to regions with different regulatory, socio-political,
or technological environments.

More specifically, the findings from Contribution 2 cannot be generalized even within the
countries that were part of the research, considering the limited number of cases involved in
the research. Similarly, the case study of a community-driven initiative in Contribution 5,
though illustrative of the potential for collective agency, may not represent the diversity of
challenges faced by energy communities across different socio-techno-institutional conditions.

While this thesis attempted to capture key trends and developments, its conclusions are
necessarily shaped by the specific temporal and geographical context of the research. Emerging
trends, including the acceleration of technological advancements such as the use of artificial
intelligence in the energy sector may influence the relevance of some findings.

While Contributions 1, 2, 3, and 5 address the importance of policy changes and institutional
adaptations, the focus remains on identifying challenges and proposing conceptual pathways
rather than providing a comprehensive evaluation of existing policies or the mechanisms
behind their implementation. This leaves room for further research into the practical aspects of
institutional and policy reforms, including the specific mechanisms needed to align top-down
and bottom-up approaches more effectively.

Finally, while this thesis integrates social science with technical perspectives and applies
frameworks that bridge social and engineering dimensions, it relies heavily on qualitative
methods, particularly in Contributions 1, 2, 3 and 4. While this approach is well-suited for
exploring complex socio-techno-institutional phenomena, it limits the ability to provide
quantitative assessments of impact, scalability, or cost-effectiveness. Future research could
complement these findings with quantitative modelling or simulation approaches to evaluate
the broader techno-economic implications of the proposed solutions.
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7.2. Recommendations
7.2.1. Recommendations for future research

Building on the findings and limitations of this thesis, several recommendations emerge for
future research to advance understanding and action within the energy transition. These
recommendations address the need to deepen insights into agency, justice, and systemic change
while adapting to the dynamic nature of the energy transition and expanding methodological
and contextual approaches.

While this thesis primarily focuses on European and US contexts, the dynamics of the energy
transition vary significantly across regions with different socio-political, economic, and
environmental conditions. Future research should expand to include diverse geographical
contexts, particularly in the Global South, where unique challenges such as energy access,
affordability, and infrastructure development are critical. Comparative studies across regions
could offer valuable insights into how agency, justice, and stakeholder alignment manifest in
various socio-technical landscapes. Additionally, since this thesis adopts qualitative
methodologies, future research can incorporate quantitative approaches to complement these
insights. For example, agent-based modelling, energy system simulations, techno-economic
and cost-benefit analyses could provide additional understanding of the scalability, efficiency,
and economic impacts of proposed solutions. Combining these methods with qualitative
approaches would offer a more comprehensive view of both technical and social dynamics.

Moreover, emerging technologies such as artificial intelligence, blockchain, and energy storage
solutions, are rapidly influencing the energy landscape. Future research should explore how
these technologies influence agency, justice, and decision-making capabilities across different
levels of the energy system. For instance, Al-driven tools for energy management could either
enhance community agency by enabling better decision-making or exacerbate inequalities if
access to such tools remains limited. Moreover, shared visions and stakeholder alignment are
critical for systemic change, as shown in part of the thesis. Future research may focus on
conducting longitudinal studies to assess how stakeholder visions evolve over time, particularly
in response to changing technologies, policies, and societal energy and climate priorities.

Lastly, the energy transition involves complex power dynamics among institutional actors,
private companies, communities, and individuals. Future research may delve deeper into these
dynamics, exploring how power imbalances are perpetuated or disrupted in different contexts.
This includes investigating the role of entrenched interests, regulatory inertia, and new entrants,
including new social innovations such as the current forms of energy communities, in terms of
shaping the pace and direction of the transition from both top-down and bottom-up
perspectives.
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7.2.2. Recommendations for practice

This thesis highlights the transformative potential of individual and collective action, with
energy communities serving as a key example of how bottom-up initiatives can contribute to
the energy transition while addressing critical socio-technical and institutional challenges.
Energy communities have demonstrated significant merits, including accelerating the adoption
of renewable energy technologies, diversifying the energy landscape, reducing the dominance
of incumbents, and empowering citizens to take part in energy-related decision-making
processes. By providing a platform for localized energy solutions, they not only contribute to
reducing greenhouse gas emissions but also foster social cohesion, local resilience, and
equitable access to energy resources.

To ensure the continued success and growth of energy communities, it is essential to address
the challenges and limitations identified in their current implementation. While these initiatives
should be supported and scaled, their future requires adaptation to make them more accessible
and efficient. Even though this research was not solely focused on energy communities and the
associated drivers and barriers they face, a critical insight emerges — there is a need for greater
institutional support to alleviate the administrative and technical burdens on citizens. Relying
solely on bottom-up efforts to form, manage, and sustain energy communities risks slowing
progress, as individuals often lack the motivation, information, time, resources, or expertise to
navigate complex regulatory, financial, and technical landscapes.

Public institutions through centralized approaches should have a proactive role in initiating,
supporting, and informing energy community efforts. One somewhat effective approach, which
has been present in the last few years, is the creation of "one-stop-shops". These ‘shops’ offer
citizens access to streamlined services and information about forming or joining energy
communities. However, these ‘shops’ are usually not incorporated in national or regional public
institutions but are rather the result of efforts of companies or projects aimed at supporting
energy communities. Having these ‘shops’ under a centralized, public institution will provide
many benefits - these centralized bodies could better handle the administrative and technical
procedures, such as compliance with regulations, system design, and integration with the grid,
allowing individuals and communities to focus on participation and decision-making. By
reducing the friction and complexity associated with starting or joining energy communities,
this model could encourage broader participation and accelerate their uptake. Moreover,
centralized guidance of the communities may better ensure alignment with the national energy
and climate goals.

Energy communities are also a promising venue for the adoption and diffusion of advanced
technologies. By integrating tech innovations, these communities can optimize energy use,
enhance efficiency, and better align with decarbonization goals. Their localized nature allows
for piloting and scaling technologies that may be challenging to deploy in more centralized
systems. Policymakers and system operators should leverage this potential by providing
incentives and resources for integrating cutting-edge technologies into energy communities.
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Furthermore, the democratization of the energy landscape through energy communities can
serve as a critical tool for mitigating climate change. By decentralizing energy production and
decision-making, energy communities create opportunities for more rapid adoption of
renewable energy and the phase-out of fossil fuel dependence. These localized actions can
cumulatively contribute to global climate goals, while also empowering citizens and creating a
sense of ownership over the energy transition.

Finally, while energy communities are a powerful model, they should not be seen as a
standalone solution. Their success depends on their ability to integrate with broader legacy
systems and policies that support decarbonization. This includes aligning their activities with
national and international climate goals, ensuring compatibility with existing energy
infrastructure, and fostering collaborations between communities, businesses, and institutional
actors.

7.2.3. Recommendations for future transdisciplinary early career researchers (td ECRs)

The support of peers and networks has been invaluable in this journey. Forming connections
with other td ECRs has provided a sense of community and shared purpose. In these spaces, I
found reassurance that I was not alone in facing challenges like balancing academic rigor with
societally impactful research or navigating the tension between disciplinary depth and cross-
disciplinary breadth. Informal exchanges with peers offered practical advice, emotional
support, and inspiration, reminding me of the collective strength we have as td ECRs. I highly
recommend other td ECRs to seek out or create such spaces, whether through formal initiatives
or informal support groups within their institution.

Flexibility has also been a cornerstone of my work. In td research, project designs do not
necessarily follow a linear path - unexpected challenges arise and the boundaries of the research
often shift. Embracing this uncertainty has been a rewarding challenge. It forced me to think
creatively, adapt methodologies, and remain focused on the overarching goals of the work
rather than following rigid plans. I have learned that flexibility does not mean a lack of
structure; rather, it requires a transparent and iterative process that allows for adaptation
without losing sight of the end goal. However, to make the most out of this flexibility, I learned
that institutional support, and the support of the supervisors and the research group is crucial.

Throughout my doctoral degree journey, and as an energy engineer engaging with social
science and stakeholder engagement, I often felt like I was playing catch-up - learning new
methods, theories, and even ways of communicating. However, it is impossible to do this alone.
I cannot overstate the role of the various mentors and my two main supervisors. Throughout
my journey, I have relied on the guidance of peers, senior researchers and my supervisors who
shared their insights, experiences, and networks. Drawing on the shared experiences and the
mutual work of all td ECRs that resulted in a forum article published in GAIA (Djinlev et al.,
2023), I believe it is vital for institutions and supervisors to actively support td ECRs by
creating environments where mentorship and informal learning are prioritized.
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Finally, I have come to embrace the idea that td research is an open-ended, iterative process.
Unlike discipline-specific work, where outcomes are often well-defined, td projects might not
have predetermined endpoints. This openness can be both liberating and challenging. For those
setting on their own td journey, my advice is simple: embrace the complexity and the unknown.
Choose a research group that has supportive peers and mentors, remain flexible and curious,
and do not be afraid to ask for help. Td research is not and should not be a solitary journey.
While the path may be uncertain, the potential to create meaningful, transformative change
makes it a journey worth taking.
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8. Closing words

I would like to wrap up this thesis by reflecting on why the introduction of Citizen Energy
Communities (CECs) and Renewable Energy Communities (RECs) at such a high European
regulatory level represents a pivotal moment that has not been fully appreciated. On the surface,
these policies seem aligned with the broader goal of “democratizing” energy access,
production, and consumption, empowering citizens to play active roles in supporting the
transition to renewable energy-dominated systems. They signal a call for "all hands on deck"
to confront the pressing challenges of climate change. However, I believe these policies signify
something much deeper - a potential paradigm shift for the entire energy sector, from the energy
industry to the public institutions, and even our collective perception of energy. To unpack this
perspective, two foundational points must be acknowledged.

Firstly, it is crucial to recognize that access to and use of energy is not regarded as a universal
human right. This raises a critical question: what exactly constitutes "energy"? Is it fuels like
oil or natural gas that are directly used (e.g., driving a car or heating water) or converted into
more versatile forms like electricity? Or is it electricity itself, generated through the combustion
of fuels, the rotation of turbines, or the photovoltaic effect? Regardless of how we define
energy, the stark reality is that humans are not guaranteed neither access to nor use of it, even
though energy is essential for fulfilling basic human needs. Lofquist (2019) summarizes the
differing perspectives, ranging from “humans often need access to energy” to the more
fundamental ““all humans must have access to energy.”

Secondly, energy’s status as a commodity plays a central role in shaping its distribution and
accessibility. Commodities are extracted, traded, priced, and consumed, and energy is no
exception. This commodification prioritizes exchange value over use value, reducing energy
to a market transaction detached from its social and environmental contexts. This approach
often results in inequitable access, where affordability dictates consumption, sidelining
considerations of justice and sustainability. Energy systems designed with market efficiency as
the primary goal frequently overlook long-term ecological impacts, perpetuate fossil fuel
dependence, and exacerbate inequalities in energy access.

The year 2022 illustrated the consequences of this commodification. Amid an energy crisis that
saw retail electricity prices surge to as high as 350 €/ MWh (Tertre et al., 2023) and put many
households in relative and absolute poverty, the global fossil fuel sector achieved record-
breaking profits. Global publicly listed oil and gas companies alone earned over $915 billion
in net income, with the wealthiest 1% in the U.S. capturing 51% of the US’s $300 billion share
(Semieniuk et al., 2024). These figures signal the vast power of the global energy industry,
which employs over 66 million people (IEA, 2023) but operates with priorities far removed
from satisfying the basic human needs of all people.

Faced with this reality, the recognition of citizens’ roles in the energy transition through CECs

and RECs represents a monumental shift. By granting citizens roles beyond that of passive
consumers, these policies challenge entrenched interests and systems. Energy communities,
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empowered by technologies like solar photovoltaics, not only offer localized energy production
but may also enable a rethinking of energy itself - from a commodity to a common good.
Reframing energy as a common good emphasizes collective stewardship and equitable access,
prioritizing its use value over its exchange value. Like water, energy should be viewed as a
public utility, ensuring its availability and affordability for all, regardless of market dynamics.

Energy communities may support this shift in how we regard energy, addressing key aspects
of commodification as outlined by geographer Noel Castree (2003). Energy communities may
resist privatization by maintaining communal ownership of energy resources and infrastructure.
They may counter alienability by embedding energy systems within communities, ensuring
they remain contextual, visible, and responsive to local needs. By prioritizing use value, energy
communities may emphasize human and social necessity over market-driven valuation,
ensuring that energy systems serve broader societal goals.

However, while CECs and RECs hold immense potential, they also reveal a key inconsistency
in the policies that govern them. Both communities are designed to provide environmental,
economic, or social benefits for their members or local areas, rather than financial profits. But
why exclude financial profits? These entities operate in the same sectors and markets, under
the same rules and regulations, as other players driven by profit motives. This double-standard
risks placing energy communities at a disadvantage, forcing them to operate with one hand tied
behind their backs in competitive energy markets that are solely profit-driven.

This inconsistency is, in my view, a significant weakness of the CEC and REC policies. That
is why, when establishing energy communities in North Macedonia, I deliberately include
profit-making as a key aspect, with profits to be reinvested into further community
development. Beyond reducing blackouts and indoor pollution, my efforts for the energy
communities in North Macedonia also capitalize on their profit-making potential. While I
believe energy should ultimately be a public good guaranteed by public utilities, it is neither
practical nor fair for energy communities to operate under different rules from the rest of the
energy market. In this sense, I align with the philosophy of Saul Alinsky (1971), who argued
that "as an organizer [ start from where the world is, as it is, not as I would like it to be. That
we accept the world as it is does not in any sense weaken our desire to change it into what we
believe it should be - it is necessary to begin where the world is if we are going to change it to
what we think it should be."

Energy communities, then, offer a unique opportunity to realize the change, and the first step
is to bridge this gap. By operating within existing systems while challenging their inherent
inequities, they can drive both local empowerment and systemic transformation. They
demonstrate that it is possible to create energy systems that are not only technically effective
but also socially equitable and environmentally sustainable. As we navigate the urgent
challenges of the energy transition, these communities offer a way to reimagine energy - not as
a commodity to be traded, but as a shared foundation for collective well-being and resilience.
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