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SOCIOLOGICAL APPROACHES TO RENEWABLE ENERGY COMMUNITY

Evolving geometries
Power, territory, and knowledge in the infrastructure
of energy communities

by Vanpo BorGHI, GIADA COLEAnDRO, BEATRICE RUGGIERI

Introduction

Among contemporary challenges, the reorganisation of ener- gy
systems occupies a significant role in the politics of climate change.
Transforming energy systems in a sustainable and equitable way
implies questioning the social and material infrastructures that
sustain them (The Foundational Economy Collective 2018). Some
of the most widespread proposals for reconfiguring energy systems
suggest that decentralisation through renewable energy
technologies and the engagement of new actors are two key ele-
ments for enhancing decarbonization more democratically. Energy
decentralisation can be extensively understood as «the gradual,
multi-scalar reconfiguration of infrastructures and power relations
implied by moves towards greater local involvement in energy
production, distribution, and use» (Pinker 2018, 710). Decentral-
isation requires paying attention to the social, political, material,and
ecological processes involved in the complex restructuringof
energy infrastructures. To this end, it is necessary to delve into
the notion of infrastructure. Infrastructure could be defined as a
socio-material device, dependent on established power rela-
tionships, that embeds a specific set of knowledge and expertise
capable to the circulation of goods and the functioning of services
connected to a specific territory (Easterling 2014; Anand et al.
2018; Degens et al. 2022). In the energy context, infrastructures
not only facilitate the distribution of energy based on technical
knowledge, but also determine access to and exclusion from
energy. As a result, they are a significant political battleground
for challenging power dynamics (Boyer 2014; 2018).
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Experiments based on the decentralisation of energy systems,
such as energy community initiatives, are emerging in different
places, with the EU as one of the leading institutions in the
process. By promoting renewable energy communities! (RECs)
as crucial tools to accelerate the energy transition, the EU is
designating «communities» as relevant actors as well as promising
infrastructures? (Anand et al. 2018) in the energy scenario. RECs
represent promises for opening up the possibility to collectively
influence sustainable energy futures - spaces for the projection of
socio-technological innovations (Sahakian et al. 2023) - and hold
the potential to create innovative socio-technical configurations that
can foster demand-side solutions (Barnes et al. 2022). How- ever, the
analysis of how energy communities are built, function and
prosper requires a scrutiny of the concept of «community»in
itself, which has not received much attention in the contextof
the energy transition debate. With that in mind, the present work
aims to discuss how the interplay of power, territory, and
knowledge - approached as three key elements of the energy
infrastructure reorganisation - shapes the process of framing
renewable energy communities as promising infrastructures and
builds the space in which energy communities progress. Although the
intention is not to design rigid pathways, the paper aims to provide
an innovative approach to understanding how the energy transition
is materialising through new, evolving, and challeng- ing
geometries of power, territory, and knowledge that interactto
reorganise energy infrastructures. Drawing on anthropologist
Dominic Boyer’s (2022) classification of infrastructure as grey,
green, or revolutionary, depending on its ability to maintain or

'RECs and energy communities are often used as synonyms despite their differences. RECs
are defined as legal entities in the EU legislation (Renewable Energy Directive
2018/2001/EU, also known as REDII), whereas energy communities encompass different
schemes, models and experiences of community and collective energy management. In this
paper, we respect this small but important difference and we refer to energy com- munities
in general as different types of experiments in the field of decentralised and community-
led energy infrastructures.

2 In their book, The Promise of Infrastructure, Anand et al. (2018) argue that ma- terial
infrastructures such as roads, electricity lines, oil pipelines «have long promised
modernity, development progress, and freedom» (p. 3). However, to maintain these
promises has been challenging, making infrastructure a site used «to both make and
contest political claims» (p. 3). In this paper, we argue that energy communities, as
promising infrastructures, hold several promises for a better future for all, while also
being used as «devices» to make political claims, to contest these claims and to build
concrete alternatives.
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overturn existing socio-ecological, political, and economic rela-
tions, the paper presents three possible configurations of these
geometries: the Conservative Energy Community, the Replicating
Energy Community, and the Transformative Energy Community.
The paper is structured as follows: first, we adopt an infra-
structural gaze as a lens to critically interrogate and put into
question the role played by infrastructures in the organisation
of social life; then, we present the problem of energy as an
infrastructural issue while the following section explores the
role of energy communities as promising device for shaping
low-carbon energy futures in the present. In the end, the article
elucidates the framework based on an infrastructural perspective
that recognises energy communities as resulting from the dynamic
interconnection among power, territory, and knowledge, followed
by a discussion and conclusion.

1. Through the lens of infrastructure: approaching the social or-
ganisation of energy

The perspective from which we consider the question at the
heart of this article depends on the key concept of infrastructure.
For more than a decade, we have been witnessing an «infra-
structural turn» (Graham 2010, 10-16) that has gradually spread
from the field of urban studies (Amin 2014) to a wide range of
topics®. The infrastructural lens enables us to concentrate on the
intricate connections that link the dimensions of power, knowl-
edge, and territory concerning the social organisation of energy.
Examining the characteristics of a particular sector or system,
such as healthcare or the energy grid, or the technological and

3 These are readings that have focused on various aspects of infrastructural pro-
cesses: their materiality (Hansen, Schulze 2019); their mutually constitutive relationship with
space (Burchardt, van Laak 2023; Easterling 2014); the aesthetic valence (Truscello2020); the
ways in which social actors themselves play as infrastructure (Simone 2004); their
implications in terms of social bonding (Klinenberg 2018), but also in terms ofsocial
reproduction (Hall 2020); the expansion or erosion of democratic spaces (vanVeelen et al.
2021); their political (Mitchell et al. 2018; Barry 2020), ontological (Barua 2021) and
economic valence (Tonkiss 2015); for a comprehensive overview, see Borghi, Leonardi 2024.
In this perspective, infrastructure «is not identical to system or struc-ture, as we
currently see them, because infrastructure is defined by the movement or patterning of
social form. It is the living mediation of what organises life: the lifeworldof structure»
(Berlant 2016, 393).
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organisational devices on which they are based, is not sufficient to
fully understand the infrastructure. «Infrastructure can show us
how social organisation happens - how an order of thingsand
an ecology of social life emerges — from regular and pro- visional
interaction between people and things» (Tonkiss 2015, 390). The
infrastructural approach offers at least two cognitive advantages.
Firstly, it challenges binary and dichotomous read- ings such as
human/non-human, object/subject, nature/culture,
material/immaterial, cause/effect, demand/supply, and formal/
informal. Secondly, using this approach allows for overcoming
the limitations of representations that focus solely on technical,
administrative, or economic dimensions, which insiders or prac-
titioners often produce. These representations are often partial and
tend to objectify and naturalise what should instead be
problematized and reconstructed, as they are at the basis of many
fundamental bifurcations. Only in this way will it be possible to
carry out research that is committed to accounting for reality,
while at the same time trying to leave room for «possibility» as
a constitutive attitude not only of research but also of planning
(Crosta, Bianchetti 2021; Pasqui 2023).

Moreover, an infrastructure-based approach considers the
historical nature of the phenomena being analysed. Withinthe
historical expansion of the «meta-trap of trajectorism»
(Appadurai 2013, 223-227), i.e. a project of modernity aiming
at «expanding humanity’s share of the world» (Rosa 2019, 310),
the emergence of the modern subject and infrastructures were
coeval with each other (Hansen, Schutze 2021, 77). A process
resulting in infrastructural globalism, which is «the more general
phenomenon by which ‘the world’ as a whole is produced and
maintained - as both object of knowledge and unified arena of
human action - through global infrastructures» (Edwards 2006, 230).
More specifically, contemporary capitalism is characterised by the
pivotal role of infrastructure* connectivity (Veltz 2017), and
unprecedented levels of synchronisation between the circu- lation of
things and the experience that infrastructure enables (Borghi
2021).

*«By infrastructural capitalism, we refer to a form of capitalism that is built on
the production and expansion of intersecting physical and digital infrastructures (...) At
stake in infrastructural capitalism is the material base of all other forms of materiality
of capitalism, namely extractive capitalism (...), monopoly capitalism (...), and digital or
platform capitalism» (Lin, Pun 2021, 651).



Evolving geometries 291

The literature extensively discusses the unique nature of in-
frastructure (Larkin 2013; Harvey et al. 2017; Knox, Gambino
2023). Infrastructures are both things with material properties that
have significant implications (Hansen, Schulze 2021) and relations
between these things. They contribute significantly to creating the
social, cultural, and political terrain on which other actors, both
human and non-human, operate. The first dimension, which we
will examine further in our analysis of energy communities, is that
of power. In the current context, there has been a significant shift
in the relationship between infrastructure and power. Afew
decades ago, Michael Mann distinguished between despotic
power (the ability of elites to act without any negotiation with
other expressions of civil society) and the non-despotic form of
state power. The non-despotic power, according to Mann (1984,
189), consists of an infrastructural power exercised through the
«capacity of the state to actually penetrate civil society, and to
implement logistically political decisions throughout the realm». On
the contrary, Easterling (2014) has recently shown the enormous
capacity for conditioning the contemporary organisation of space and
society that is exercised by what she calls «extrastatecraft».It is
an assemblage within the governance of infrastructure in- volving
not only private actors but also private logics that can alter the
functioning and purpose of spaces, territories, and the
distribution of goods, data, and energy. This system operates at
a speed and level of efficiency that traditional legislative process-
es cannot match (ibidem). At the same time, any determinism
(technology over society, economics over technology, or else)
must be avoided, relying on a research approach in which «the
recursive shaping of infrastructure, society, economics, and poli-
tics» is explored as «a priori underdetermined and thus subject
to experimentation» (Harvey et al. 2017, 12).

The process of infrastructuring is significantly conditionedby
different forms of power but it also produces, at differentscales,
«political spaces where inclusion and accountability are
alternately foreclosed and (re-)opened» (van Veelen et al. 2021, 2).
If the question of power and its decentralisation is the first
analytical element that emerges when we use the infrastructurallens,
the question of the relationship with the territorial dimensionis
immediately linked to it. Infrastructures are always inscribed in a
project of «terraforming» (Bratton 2019; Citton 2023) and
presuppose a specific conception of the sense in which a ter-
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ritory is to be inhabited and experienced. In this respect, the
dominant infrastructural logic of the historical phase known as
the Anthropocene constitutes the contemporary evolution of a
terraforming project that has its origins in the plantation model
(Haraway et al. 2019). This model represents each territory as a
possible frontier to be conquered and governed according to the
needs and desires of the conquerors, destroying all other forms
of life that obstruct this objective (ibidem). The challenge for
infrastructural processes is to consider the territory, the contextin
which they are located, and their specific physical, historical, and
cultural characteristics as active subjects. This means thatthe
actors involved must also be able to participate actively in these
processes. Therefore, the communities that inhabit these
territories should not be understood as organic entities given a
priori, univocal, and homogeneous, but rather as a «constellation
of differentiated elements» (De La Pierre 2020, 18), that must
be able to influence infrastructural processes and direct them
towards objectives of «self-sustainability» (ibidem). This is the
only way to rethink the democratic co-design of infrastructure
in the context of a climate crisis whose dramatic intensity is
accelerating. Finally, rethinking the relationship between power and
territory as we have defined it calls into question a third analytical
dimension that requires careful consideration. This is knowledge, or
rather the plural knowledge that comes into play (or is excluded)
in the infrastructural process. As it has beenauthoritatively pointed
out, powerful systems of classification and categorization are
embedded and operationalized in this process(Bowker, Leigh Star
1999; Lampland, Leigh Star 2009). Through this process, a certain
«informational basis» (Borghi, Giullari 2015) constitutes the
foundation of the ontological specificity of infrastructures that we
have been discussing, that is, the foun- dation of their operational
logic as things and relations between things. In particular, the
same scholars stress the specificity of contemporary
infrastructures, in which their performative value (systems that not
only represent but also contribute to the con- struction of the
reality on which they then operate) is extremely amplified by the
digital technologies they use. These technolo- gies have both social
and environmental costs (Crawford 2021; Couldry, Mejias, 2019)
and their development has taken place mainly through the
progressive dispossession of the knowledge that individuals have
of their living conditions. This dispossession
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occurred first in the sphere of work (with Taylorism) and then
in social life in general, subjecting the social bond itself to the
extractive logic of commodity consumption (Stiegler 2020). The
aim here is to connect infrastructure processes with citizens’
knowledge and experience of infrastructure issues, which can
provide an opportunity to re-engage them with the conditions
of their daily lives (Montévil 2023). Indeed, it is not only about
citizens’ participation in «problem-solving» operations but also
about their active role in «problem-setting» phases.

2. The problem of energy infrastructure

The energy crisis is one of the greatest challenges faced by
human societies and, as Daggett (2021, 187) states, energy is
«perhaps the problem of the Anthropocene». On a global scale,
much of the energy system remains based on fossil fuels with
global energy-related carbon dioxide emissions rising to their high-
est level in 2021, as coal was largely used to recover the global
economy from the Covid-19 crisis (International Energy Agency
2021). The shift from fossil fuel societies to renewable energy
societies challenges many spatial, social, economic, or cultural
certainties and invites us to think about the energy transition(s)as
more than a mere technological substitution. Many questions lie
at the heart of the energy transition, such as how clean energycan
be produced, distributed, and consumed democratically and
equitably. According to the well-established Multi-Level Perspective,
transitions are the result of multiple activities at multiple scales,
involving many social groups, technologies, artefacts, different
sets of values and norms, and formal and informal institutions
(Geels 2019). They involve conflict and destabilisation, whichare
also understood as drivers of innovation and can become
essential elements of a «democratic society struggling to find the
best way through the transformation towards decarbonisation»
(Eichenauer, Gailing 2022, 2). Priority is given to the perspective
that foresees decentralised and collectively managed energy sys-
tems bringing energy into the daily lives of people, communities
and territories that have not been involved or are only partially
included (Dubois, Kebir 2021).

Decentralised systems are thought to offer many advantages over
centralised systems, including lower transmission systems
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costs, efficiency gains and reduced grid loss, greater reliance on
distributed generation involving local small-scale suppliers, and
a larger share of renewables in the local energy mix (Goldthau
2014). However, the outcomes of decentralisation depend on in-
stitutional restructuring and regulatory rules as well as on efforts
by different actors to legitimise their policy preferences (Hess,
Lee 2020). Moreover, lack of coordination between national and
local governments, lack of financing options, technical support
and awareness programmes, difficulties in categorising the actors
involved as well as in identifying the interests at stake®are seen
as constraints to decentralisation (Becker et al. 2017; Khan 2020).

The energy transition can be seen as an infrastructural problem
or a problem of infrastructural relations (Bulkeley et al. 2014).
In this sense, communities and territories become part of energy
infrastructural processes that promise to drive them towards deep
decarbonization (Geels et al. 2017) across scales. Although energy
tends to remain invisible for many people with easy access to it,
the energy transition is well-placed to broaden the discussion on
the social and material aspects of energy. For example, despite the
prevailing belief that clean energy is dematerialised, it is crucial to
reflect on the critical materials needed to develop the technologies
on which the transition is based, on the socio-tech- nical dimension
and the mechanisms of resource construction, as well as on the means
necessary to transport energy (Forget et al. 2021). Implementing the
energy transition on the ground requires socio-spatial and socio-
organisational changes that can sustain new forms of thinking
about territorial relations. This demands for the engagement of
both state and non-state actors who are called to act in concert to
dismantle pre-existing unsustainable organisations of energy
systems, alongside the establishment of new regulatory
frameworks and mechanisms (Hoff et al. 2019). Even though the
discussion on how to drive these changes isfar from being
saturated, energy communities — for example in the form of
renewable energy communities - are seen as vital elements of the
above transformative process.

SFor instance, the role of incumbent energy players is relevant to the outcomes
of decentralisation. On the one hand, they could provide information and technology to
enable the technical distribution of energy facilities while maintaining control over the
infrastructure. This would ensure that their power is not compromised (Berka, Dreyfus
2021). On the other hand, they could hinder the process of decentralisation through
lobbying activities to protect their monopolistic interests (ibidem).
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Within the current debate, renewable energy communities are
configured as devices capable of participating in the transforma-tion
of existing energy infrastructure regimes - based on fossil fuels
and centralised systems - towards more innovative andecological
ones, while at the same time supporting the creationof more
resilient, democratic, and equitable energy infrastructures based on
decentralisation and territorialisation (De Vidovich et al. 2023).
Fundamental political and institutional changes cansupport the
transformation of energy landscapes, facilitating the reorganisation
of energy systems to prioritise local communities and territories.
Therefore, the establishment of a community-based energy system
is not a straightforward and neutral process. Its outcomes depend
on the political apparatus in which it takesplace, as well as on the
socio-cultural and environmental char- acteristics that differ from
place to place (Carrosio, Scotti 2019).

3. Building (energy) communities

Renewable technologies and community-based energy systems
are often presented as promising devices for democratising the
transition to low-carbon societies. When dealing with the topic
of renewable energy communities, it is important to considertwo
key issues. Firstly, renewable energy technologies should beviewed
as the core of a revised energy infrastructure. Secondly, the
concept of «community» should be problematised, given its
growing importance in promoting the reorganisation of the
energy system. At the European level, the publication of the so-
called REDII in 2018 has been the first measure to give
communities legal status and rights by establishing a broad set
of policies, regulations, and norms on distributed, small-scale,and
community-led energy projects. European institutions have
identified RECs as key players in the path to carbon neutrality
through a just transition (Drewello 2022).

According to more radical perspectives, energy communities may
also have the power to «reconfigure the socio-material relations
of the energy system» (Envall, Rohracher 2023, 14) and work as
«active agents located in social energy systems»(Campbell, Cloke,
Brown 2016, 133), as well as being promising infrastructural
forms (Anand et al. 2018). Energy communities,as parts of a
reorganized energy infrastructure, may indeed
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represent «promises made in the present about our (energy)®
future» (ibidem, 27). In this regard, they could make visible the
limitations of the current energy system and become involved
in the practical design of alternative pathways, thus promising amore
sustainable and democratic energy infrastructure.

The increasing involvement of people and places in new
energy configurations has led to a renewed interest in local
communities (Tarekegne et al. 2022), along with the importance of
interrogating the assumed homogeneity of communities at the local
scale’. Therefore, both the notion of «community» and the
community scale have become relevant in the realm of energy
policies, discourse, and framing. The inherent malleability of the
concept of community has led to many ideological and rhetorical
purposes in different fields, including the energy sector (Walker
2011), where the term «energy community» has been ambiguous
from the beginning and a clear definition is still lacking. How- ever,
there is a need to build common understandings to create
regulatory frameworks for energy communities and to mobilise
multiple actors in a process constellated by barriers - such as
existing technical and political barriers reinforced by institution-
alised policy making (Envall, Rohracher 2023) - and tensions, but
also fuelled by a combination of generative imaginaries of the
future. With this in mind, it is crucial to promote reflection on
the revitalised role of local communities. While they may have
the power to effect change, burdening them with the responsi-
bility of «solving» the current crisis (Taylor Aiken et al. 2017)
and repairing the imbalances of economic and political systems
can result in multiples injustices. Social movements and organ-
isations seem to deploy the «community» as a particular social
technology that can «increase capacity for action» as if it has
«a productive power to enable low carbon transitions» (Taylor
Aiken 2019, 733). Similarly, states and international institutions
adopt an instrumental perspective, viewing «communities» as a

® The word «(energy)» has been added by the authors.

"In this respect, we affirm our commitment to avoid what Purcell calls «the local
trap», the assumption that the local scale is fundamentally more democratic than other
scales. Following his reasoning, the paper contends that it is dangerous to makeany
assumption about any scale, considering scales as «not independent entities with pre-given
characteristics» but «socially constructed strategies to achieve particular ends» (Purcell
2006,1921).
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means to promote mobilisation from below, involve people in the
energy transition, and increase their responsibility (Eadson 2016).
Therefore, the dynamic process of building (energy) commu-
nities in the context of the ecological crisis has several potential
pitfalls that can prevent real change from taking place. Framed
as promises and understood as promising infrastructural forms,
energy communities are charged with considerable expectations
to intervene and reverse the damaging trajectory of the Anthro-
pocene. However, energy communities are also immersed in a
political order whose orientation is to maintain and reproduce
current problems. While the collective production and con-
sumption of energy could be a key element of a just energy
transition, community-based energy systems often remain stuck
in market-driven mechanisms, logic, and discourses that follow
a business-as-usual approach. This may perpetuate unsustainable
relations that ignore the planetary infrastructural dimension and
hinder efforts to «rebuild the world differently» (Appel et al.
2018, 30-31). In this respect, communities are not simply «spa-
tially and locationally specific and do not operate according to
predictable norms of energy consumption» (Campbell et al. 2016,
133) and «seems to simultaneously imply both similarity and
difference» (Cohen 1985, 12). Rather, they are nodes in wider,
heterogeneous networks that are open to innovation and cannot
be confined to myopic visions of pre-determined and pre-existing
«cohesive and socially bounded groups» (ibidem, 135). Therefore,
also in the field of energy transition, the implicit institutional
idealisation of communities as homogeneous entities needs to be
challenged. Additionally, the idea that the use of innovative tech-
nologies at the community level is intrinsically beneficial should be
considered - and questioned - in light of macro-structural factors.
While some studies have acknowledged the relevance of local
communities and networks in disaster risk and post-disaster
management, grassroots innovation, and education (Firth 2022;
Coleandro, Ruggieri 2023), communities can also be exclusionary,
elitist, and marginalising. It is also true that small-scale distrib-
uted renewable energy may not be sufficient to meet energy
needs. Consequently, planning and coordination across scales are
crucial in establishing democratic and just energy communities
(Steinfort, Angel 2023).
To conclude, if energy communities are to be considered as
part of complex infrastructural systems that create and sustain
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the conditions for releasing socio-ecological futures, it is essential
to understand the infrastructural geometries that can empower them
to be effectively transformative on the ground.

4. Energy communities: evolving geometries of power, territory,
and knowledge

Energy communities exist within a complex interplay of factors,
including the physical location of infrastructure, the knowledge
and influence of the various actors involved (experts, technicians,
scientists, institutions, companies, citizens), and the power relations
that determine the cognitive and material aspects of everyday life.
To clarify how the interplay between these dimensions affects the
dynamic space in which energy communities emerge and evolve, we
apply the categorisation elaborated by Dominic Boyer (2022).
Boyer’s categorisation is based on three key perspectives regarding
infrastructure development amidst the ecological and climate crisis.
The first category concerns grey infrastructure, which is the most
easily recognisable as it fills the environments we inhabit. The con-
cept of grey infrastructure exemplifies the current understanding of
socio-ecological relationships, which is based on a clear separation
between nature and society and prioritises economic expansion and
progress (ibidem). The second category is green infrastructure, which
focuses on enhancing ecosystem services by incorporating social and
environmental factors into its design. The green factor is not
primarily related to the materials used but rather to the approach
taken, as also concrete infrastructure may have the potential to
address environmental, social, and economic concerns (Benedict,
McMahon 2002). Finally, revolutionary infrastructures pertain to
initiatives that challenge current power relationships by subverting
the expansion ambitions incorporated into modern infrastructure.
The goal of these initiatives is to foster socio-environmental rep-
arations by experimenting with innovative arrangements between
humans and nature that are not reliant on the expectations of
global modernity (Boyer 2022). Using these categories, the following
paragraphs explore the role of power, territory, and knowledge in
relation to energy communities, and suggest a way to re-categorise
them to understand them from an infrastructure point of view.
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4.1. Energy communities and power

As demonstrated by Timothy Mitchell (2013), the management
of energy resources and infrastructure has historically resulted in
the exertion of political power. The power of infrastructures lies
in their ability to organise the circulation of data, information,
and materials, as well as the outcomes they produce through the
mediation between devices and users. Both the spatial organisation

and day-to-day management of energy infrastructures contribute
to reproducing and reinforcing power relations (Larkin 2013).
The transition from fossil fuels to renewables has the potential to
represent a significant political change. This is particularly evident
in the shift from centralised to decentralised energy systems, as
proposed by energy communities (Otamendi-Irizar et al. 2022).
In this context, the conflict between established and emerging
energy systems primarily concerns the political aspect of infra-
structure. However, sociotechnical changes can destabilise and
re-stabilise power relations in an unpredictable way, for instance
by expanding actors’ capacity to act while challenging established
social hierarchies (Ahlborg 2017). Overall, energy communities
offer a unique political terrain where the power dynamics of en-
ergy infrastructure could be challenged, replicated, or transformed
in unprecedented ways. This is where attempts to address the
complexity of the energy transition from a centralised perspective
are met with the potential for successful decentralisation through
the reclamation of the infrastructures necessary for everyday life.

The distribution of new energy infrastructures and the popu-
lation’s ability to exercise greater control over energy management
may challenge the power of established players (Brisbois 2023). It
is important to note that not only can new actors participate in
the energy transition, but they can also bring new sets of values
to the energy sector beyond the pursuit of profit, including social

and environmental priorities (ibidem). Furthermore, the issue of

power includes not only the interactions between dominant and
emerging actors, but also those among emerging groups with
varying opportunities to participate, which are influenced by struc-
tural inequalities such as those based on gender, class, and race

(Johnson et al. 2020). These inequalities affect actors’ infrastruc-
tural power, understood as the ability «to engage in or withdraw
from work that is critical to the functioning of an infrastructure
itself» (Pinzur 2021, 647). However, if energy communities are
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only expected to modify their involvement with energy, while
dominant and influential energy players can continue operating as
usual, power dynamics will remain unchanged (Coy et al. 2021).

4.2. Energy community and territory

The topic of energy transition has mainly been tackled on a
global scale by attempting to substitute the reliance on imported
fossil fuels with a new dependence on resources and labour, often
from regions with low energy consumption (Armondi 2021). To
date, the adoption of sustainable energy production has mostly
resulted in the construction of large facilities exceeding the energy
needs of the region they serve. A de-territorialised approach to
transition has hence dominated, promoting universal responses that
fail to acknowledge the specificities of territories, such as their
physical characteristics, as well as their historical, cultural, and

social heritage (Carrosio 2023). Neglecting these features results

from commonly perceiving technologies as having all-embracing
capabilities that can overlook the specifics of socio-environmental
connections. This view of territory as either solely a biophysical
or only a social entity presents a problematic separation between
nature and culture. For instance, it may result in a transition uncon-
strained by territorial limitations, perpetuating a relationship between
humans and non-humans based on competition and exploitation
(Bolognesi, Magnaghi 2020). On the contrary, environmental so-
ciologists and geographers have highlighted how energy transitions
are spatially dependent (Bridge, Gailing 2020; Magnani 2021).

According to the idea of decentralisation, the implementation of
energy communities should rely on the accessibility of local
resources, given that energy consumption and production occur
concurrently (Todeschi et al. 2021). This innovation challenges the
fundamental premise of the modern infrastructure ideal (Graham,
Marvin 2001), which suggests that infrastructure initiatives based on
different spatial characteristics are socially regressive because they
do not conform to a predetermined standard (Coutard, Florentin
2022). Otherwise, if production and consumption become dependent
once again on territorialised energy resource cycles, the benefits of
energy exchanges could also remain in the territory. This process
may create a virtuous socio-energy-environmental cycle, while atthe
same time being «very effective in «visibilising» resource use
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hence fostering stronger and more widely spread «resource aware-
ness» among decision-makers and the population» (ibidem, 54).
Consequently, energy communities can be part of an ecological
transition that is not only aimed at the defence of nature but also
at the restoration of «local life-worlds, endowed with autonomy
and self-government, capable of practising again co-evolutionary,
synergetic and positive processes between human settlement and
the environment» (Magnaghi 2020, 16). Simultaneously, adopting a
territory-conscious approach involves considering already established
energy infrastructures as «negative commons» (Monnin 2021). De-
spite their harmful impacts, they are part of the ruins we have to
learn to live with. In this sense, energy communities could intertwine
with these ruins, giving shape to alternative infrastructure models.
However, the integration of energy systems into a neoliberal
market permeated by a techno-economic worldview may result
in the decentralisation of energy systems becoming solely a
technological issue (Laes, Bombaerts 2022). While technological
innovation is undoubtedly important for managing energy flows
and infrastructure, there is a growing concern that alternative
energy systems may become mere businesses, rather than imple-
menting alternative modes of energy production and consumption
(Evans et al. 2019). In this way, the territory would persist as
a strictly functional site with inhabitants acting as consumers,
and the market-driven reasoning would continue to be the only
governing principle (Bolognesi, Magnaghi 2020). On the other
hand, taking an active stance towards the territory enables a more
comprehensive critique of the concept of energy transition as a
purely technical and managerial process imposed on a passive
landscape. This approach could offer opportunities to develop
innovative design practices that reconcile society and nature
(Magnaghi, Marzocca 2023).

4.3. Energy communities and knowledge

In large socio-technical systems, decision-making processesand
knowledge involved in their realisation are often hidden or
encapsulated within complex technical decisions (Degens, Hilbrich,
Lenz 2022). The ecological crisis challenges this invisibility by
questioning the necessary knowledge to address it. However, the
primary issue is not the amount of accurate knowledge society
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can accumulate, but rather its ability to establish connections
between pre-existing knowledge from diverse groups and or-
ganisations (Miller 2019). To explore the relationship between
knowledge and the transformation of energy systems, it is essential
to determine which knowledge is embodied in the current energy
system and which knowledge will be crucial in the transitionto
a decentralised and community-based energy system (Milleret al.
2013). In this regard, to achieve the re-integration of the territory
in the energy infrastructure planning discussed above, local
knowledge should be recognised and included, as it expresses the
weld between the social, historical, and ecological nature ofthe
territory itself (Marzocca 2023).

Energy communities are often regarded as an alternative
energy model because they prioritise citizen involvement in de-
lineating the characteristics and objectives of the energy system
(Creamer et al 2019). Compared to established models in the
energy market, energy communities allow for the involvement of
additional stakeholders, including local governments, third-sector
organisations, businesses, citizens, and end-users more broadly
(ibidem). However, it is important to consider that the demand
for increased participation should also acknowledge the ongoing
process of erosion of local knowledge. The global exchange of
goods and services is indeed replacing the collective ways of
understanding and approaching the maintenance of territories and
the production of essential goods (Magnaghi 2020). As a result,
this shift may marginalise the essential knowledge required for the
reproduction of territories and communities (ibidem). Moreover,
if participation processes are influenced by preconceived notions,
predetermined pathways, and strategies, the drive for increased
participation in energy governance may not necessarily lead to
outcomes that differ from the current situation (Baard 2021).
Therefore, the discussion regarding knowledge and participation
should go beyond simply introducing more participants. Instead,
it should focus on adjusting regulations and public arenas, al-
lowing for a wider range of actors to engage in discussions and
activities related to energy transition.
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4.4. Categorising energy communities: an explorative proposal

Considering the analysis of the above-mentioned dimensions and
drawing upon Boyer’s scheme, we propose three potential models
of energy communities. The configuration of the geom- etries that
result from the interplay between power, territory, and
knowledge determines both the material configuration and the
potential objectives of energy communities, which cannot be
predetermined and are constantly evolving. The following table
(Fig. 1) summarises the main characteristics of these configurations.

Power

Territory

Knowledge

Conservative
Energy Community

Replicating
Energy Community

Transformative
Energy Community

Command and con-
trol; communities as
recipients of a priori
solutions

Command and con-
trol with partial co-
optation of actors
and nature; communi-
ties involved only in
the problem-solving
phase

Challenged and de-
centralised; «perform-
ative communities»®,
actively participating
both in the problem-
setting and the prob-
lem-solving phases

Passive; socio-tech-
nical systems indif-
ferent to territorial
specificities

Strumental naturecul-
tures collaboration;
the  socio-economic
context is assumed to
be unchangeable, the
territory understood
as a homogeneous
community to be
preserved

Active
Multidimensional;
situated and territori-
ally specific solutions;
«contributive learning
territory»'®

Technical engine-
ering-based; «sca-
lability» approach®

Diversified but at
the service of domi-
nant economic-en-
gineering approach

Plural and based
on personal and
collective  experi-
ences; non-scalabil-
ity approach, key
role of citizens’
experiences of the
problem;

Fic. 1. An infrastructural conceptualisation of energy communities based on the interplay
between power, knowledge and territory.

Source: authors

8The scalability’s mode of interpreting the interaction between knowledge and world-
making is «the ability to expand - and expand, and expand - without rethinking basic
elements» (Tsing 2012, 505): scalable projects «are those that can expand without changing
[...]. Scalability projects banish meaningful diversity, which is to say, diversity that might
change things» (ivi, 507).

°We clearly recall the concept of «performative citizenship» as introduced by Isin
(2017).

10 See the experience of redesigning the relationship between digital technologies and
territories inspired by the negentropic approach of Bernard Stiegler and his colla- borators
(Montévil 2023).
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We define the first model as the «Conservative Energy Com-
munity». This type of energy community is deemed conservative
because it does not challenge the exercise of power that remains
organised in a centralised manner. The territory is viewed as
passive, leading the way to the proposition of one-size-fits-all
solutions for energy communities. Finally, in this paradigm, the
expansion of energy communities is regarded as attainable solely
through the deployment of technical knowledge. One example
of this strategy can be seen through those local energy projects
established and operated by incumbents. Through their partici-
pation these actors aim to uphold their dominant position and
hinder any potential sources of change (Haf et al. 2019).

The second category is the «Replicating Energy Communi-ty».
Here, the power dynamics differ from the previous model. This is
due to the recognition of the need to reassess social hierarchies in
energy management by involving communities in the problem-
solving phase. In addition, a broader understanding of the territory
is achieved by evaluating the morphological and biophysical
features that enhance the productive potential of en- ergy
infrastructure. In terms of knowledge, an attempt is madeto
diversify it, given the need to work with different groups to
achieve the desired result. However, the model still prioritises
techno-economic knowledge, as evidenced by the fact that the
community scale only serves as a tool for the adoption of in-
novative and efficient technologies. Therefore, although the first two
models show structural variations, their underlying objective
remains the same. The presence of new actors and the distri-
bution of energy production across the territory in the second
case may suggest a paradigm shift, but the logic of the energy
system does not change (Gui, MacGill 2018).

Finally, we propose the «Transformative Energy Community»
model. In this case, infrastructure decentralisation and the expanded
field of action for formerly marginalised actors aim to challenge
power relations mediated by infrastructures. The territory is con-
ceived according to its social, cultural, biophysical, and historical
characteristics, with the idea that energy communities must be
designed to involve the communities defined above in processesof
«just transition» and democratisation of infrastructures. In this
context, for energy communities to have a transformative impact,
itis essential to include adaptable, versatile, and different forms of
expertise in the development, implementation, and maintenance
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of such communities. This expertise can be acquired through
knowledge sharing, both locally and across community bound-
aries. In conclusion, transformative energy communities do not
follow a set formula but rather recognise the social dimension
of energy and the importance of exploring innovative social and
infrastructural linkages to envision a different (energy) future.

Conclusion: energy communities in times of uncertainty

Energy communities seem to hold great promises for addressing
the challenges of a (just) energy transition. However, we argue that
social sciences should be aware of these promises and examine
how these innovative initiatives materialise in specific contexts. This
means assessing their impact on existing power dynamics, their
capacity to deal with specific territorial characteristics, andwhether
knowledge and decision-making processes are open to the
inclusion of different perspectives and experiences. In this paper,
we argue that the study of energy communities can benefit from the
current infrastructural turn (Amin 2014) in the analysisof the
socio-technical organisation of society. Consequently, from an
infrastructural perspective, we aimed to provide a frameworkfor
the analysis and identification of energy communities in or- der to
assess their potential to transform the current fossil and
centralised energy system.

The study of the reconfiguration of energy infrastructures
allowed us to analyse the interplay between the domains of pow-
er, territory, and knowledge. The main purpose was to illustrate
the geometries that replicate the horizon of modernity, rooted in
existing infrastructures, and those that can instead open up new
perspectives for challenging the energy system and working towards
a more just future. To this end, we proposed a categorisation
of energy communities based on three models: the Conservative
Energy Community, the Replicating Energy Community, and the
Transformative Energy Community. In short, the latter is where
power is challenged and decentralised, the territory is a source
of situated solutions, and communities can act by participating
in both the problem-setting and problem-solving phases. Energy
communities per se are therefore neither inherently conservative nor
deeply radical but exist in a dynamic space of tension where the
interplay of power, territory, and knowledge can generate a
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variety of models with different characteristics and objectives.
Advocating the transformative model of energy communities, we
agree with Boyer (2018; 2022) that for energy communities to
become a revolutionary infrastructure, they must implement a
concept of energy transition that does not dichotomise the need to
change both socio-environmental and political-economic relations.
In conclusion, it is crucial to bear in mind that the energy
transition and energy communities exist in domains of uncertain-
ty, into which a variety of recent events (such as drought, war,
pandemic, floods) have projected our lives. The rise of uncer-
tainty (Nowotny 2016) is reflected in many different phenomena,
from climate change to the multiplication of war conflicts or
financial crises. The recent global experience of the Covid-19
syndemic (Horton 2020) clearly showed how uncertainty involves
in general our relation to the future in terms of social practices,
knowledge, and institutional organisation, asking for a transfor-
mational approach to preparedness (Bifulco et al. 2021). It is
thus important to separate the idea of energy communities from
a predetermined vision of the future, where the energy transition
is organised from above and follows predetermined paths and
timelines. Recognising uncertainty means accepting that the future
cannot be entirely under our control (Scoones, Stirling 2020).
Analysing the interplay between power, territory, and knowledge
has allowed us to rethink the future we want to live in, even
in its uncertain state. In such scenarios, relying on managerial
and technocratic approaches and institutions, such as those thathave
characterised global modernity, is not only unproductive but also
harmful. Therefore, we suggest refraining from preconceived
solutions to the energy transition and instead embracing partial and
situated knowledge and experience, challenging dominant
power relationships. Finally, further research is needed to identify
specific scenarios in which different geometries of power, territory,
and knowledge can lead to the establishment of transformative
energy communities, and how they can promote participation in
a new politics of uncertainty.
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Evolving geometries. Power, territory, and knowledge in the infrastructure of

energy communities

Energy communities seem to hold great promise for addressing the challenges of
a just energy transition. They are expected to shift energy production tolocal
territories, bring new actors into energy governance and intervene toreshape
existing power dynamics. However, these expectations often lead to placing the
responsibility for change on communities, as if they were designed to
mechanically transform energy systems. This ignores the fact that energy
communities navigate through domains of uncertainty where techno-managerial
approaches impede the possibilities for radical change. The article suggests that
adopting an infrastructural perspective can enhance and innovate the discourse
on energy communities in the social sciences. Arguing that both energy infra-
structures and energy communities exist in a field of tension in which three
crucial infrastructural dimensions - power, territory, and knowledge - create
different relational geometries, this paper proposes a new categorisation for
understanding energy communities through an infrastructural lens. The aim is to
identify which specific geometries of power, territory and knowledge arebest
positioned to build energy communities capable of challenging the current energy
infrastructure. The article states that energy communities are neither conservative
nor inherently revolutionary, suggesting that the transformative capacity of energy
communities depends on specific infrastructural assemblages.
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