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ARTICLE INFO ABSTRACT

Keywords: Energy communities have mushroomed over the past decades. These initiatives have scaled, that is replicated
Upscaling their experiences, expanded membership, and diversified involved actors and technologies. The picture existing
Scaling mechanisms literature paints is hopeful that the scaling of local-scale action may translate into global-scale impact and thus
gs:;;l?ommunmes effectively contribute to combating climate change. However, important gaps remain in understanding the
Governance (combinations of) conditions which are necessary for scaling with this goal in mind. This article pushes the

boundaries of knowledge further by examining and comparing 28 energy communities through a fuzzy set
Qualitative Comparative Analysis (QCA) and by identifying the necessary conditions of actionable scaling
mechanisms. Our analysis identifies a high number (8) of necessary (combinations of) conditions for scaling.
Addressing a strong need amongst policy makers to facilitate broader scaling of community initiatives, this
article offers concrete insights on mechanisms that need to be in place to scale energy communities. Insights are
developed on - for example — the type of capacity support needed, support structures and the tools needed for
connecting communities with each other. These insights help corroborate empirically, for the first time the
crucial leverage points that will support strategies for upscaling the impact of energy communities, and will

enable them to flourish as an essential element of the global climate governance system.

1. Introduction

Small- and local-scale initiatives targeting climate mitigation have mush-
roomed over the past decades. The increasingly dominant climate governance
narrative is about a multitude of actors, initiatives, and technologies and about
how these may develop into a coordinated, timely, and effective impact for
mitigating climate change. An illustrative case of this story is that of energy
communities: they are blooming in numbers across the globe, replicating
experiences and expanding in membership, diversifying in terms of involved
actors and technologies, and aiding in the acceleration of the transition to-
wards renewable energy (Blasch et al., 2021). In the European Union (EU),
which is a frontrunner in institutionalizing energy communities to-date 2
million citizens are involved in over 7000 such communities (Smarten, 2022).
Considering that empirical proof for the scaling of such communities is ample,
in this article we examine what the necessary (combinations of) conditions are
for their scaling. In effect we also hope to illuminate how local-scale initiatives
are being institutionalized and how they contribute to global imapact.

Blasch et al. (2021) define energy communities as “associations of actors

engaged in energy system transformation through collective, participatory
and engaging processes, seeking collective outcomes” (p. 3). Such an under-
standing captures the complex nature of the concept where recent de-
velopments — particularly pushing towards decentralization, digitalization,
and the democratization of energy systems — have led to two distinct out-
comes. First, a growing number of technologies are used in communities
(production, storage, demand response, etc.), and an increasing number of
actors (municipalities, companies, etc.) are engaged in their emergence and
operation. Second, a growing number of energy community models are no
longer concentrated around local development.

With the proliferation of scholarly research on energy communities,
as well as the above detailed tendency towards technological and
membership heterogeneity, the question surfaces as to what encom-
passes such a community in more broad terms. In general, they build on
the REScoop model, building on cooperative principles including
ownership by citizens, who collectively participate in various renewable
energy and energy efficiency projects (REScoop, 2023). Their purpose
and benefits are manifold as they help maintain value in local
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economies, foster the social acceptance of renewable energy, keep in-
vestments affordable, contribute to more affordable utility bills, and
build the local sense of community (EC, 2023).

According to Walker and Devine-Wright (2008), the heterogeneity
can be best underpinned by open & participatory processes and local &
collective outcomes. The EU has codified them as Renewable Energy
Communities and Citizen Energy Communities (EC, 2023). The former
focuses on geographical proximity with a promotion of renewable en-
ergy sources, whilst the later takes a broader definition with open
membership, market elements and a diversion from the locality. The
past years have marked a phase of energy community development
involving the interaction of different types of actors (such as community,
state and the private sector) (Creamer et al., 2018) resulting in institu-
tional complexity, where cooperative logic meets other types of logics
(Bauwens et al., 2022). In effect studying the European context is ripe
for understanding how scaling feeds into this process of early institu-
tionalization and resulting (institutional) complexity.

Two strands of the academic debate have emerged over the past decade
that can aid in understanding how local action translates into a global impact.
Of these, Elinor Ostrom (2010) perhaps provides the best understanding of the
implications of community action, as she brought insights from her multi-
decade-long research program on the effective management of a common-
pool resource dilemmas to bear on the discussion on global climate gover-
nance. Ostrom’s work suggested local action at multiple places can lead to a
groundswell of action and productive interactions between localities, thus
unleashing a huge transformative potential. However, the key issue she raises
is that the groundswell of action is composed of these individual initiatives
working in seamless unison. Here questions arise as to how such a polycentric
system may most effectively be governed — and how the cogs and wheels of
such a system may move in unison allowing for an effective polycentric
climate governance system.

In a similar vein, the field of transition studies has been pre-occupied
with finding a better understanding of how niche innovation and
transformative change in socio-technical systems emerge (Loorbach
et al., 2020). One of the key issues this literature is concerned with is
how niches at the local scale turn into global niches (movements of ini-
tiatives with transformative potential (Schot and Geels, 2008)). These
linkages are dependent on the existence of translocal networks of ini-
tiatives (Loorbach et al., 2020), which help connect individual initia-
tives, and disseminate learning capacity.

A challenge for both strands of the academic debate remains the more
concrete specification of how one goes from single local initiative, or a set of
such initiatives, to the ‘groundswell’ of initiatives that speak to and learn from
each other and manage to affect transformational impacts. We specifically see
aneed to better understand the necessary (combinations of) conditions for the
growth and replication of initiatives, since the necessary (combinations of)
conditions are the ingredients that need to be in place for the anticipated
transformation to start. Identifying such conditions can in-effect allow for a
more concrete understanding of the mechanisms at the disposal of decision
makers to scale energy communities. In our understanding mechanisms entail
tools available to decision makers, which can trigger processes, dependent on
conditions, leading to given outcomes. Hereby, we are “able to identify and
provide sets of social mechanisms that can explain the link between causes
and effects.” (Biesbroek and Candel, 2020, p. 64.). Based on the necessary
(combinations of) conditions, we can also identify a number of actionable
mechanisms, which can contribute to the scaling of energy communities.

To identify the necessary (combinations of) conditions, we use
Qualitative Comparative Analysis (QCA). QCA is a set-theoretical
method (e.g., Schneider and Wagemann, 2012; Mello, 2021) that is
well-suited for identifying necessary (combinations of) conditions —
despite a bias toward the analysis of sufficiency (Schneider, 2019). To
this end, we first explore the theoretical accounts of how local innova-
tion can best be governed for the sake of global-scale impact. This is
followed by an introduction of our cases: 28 different energy commu-
nities that produce or store energy on a community basis, primarily
located within the European Union. Most of these initiatives are
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cooperatives (i.e., one member = one vote), and hence align with the
broad definition of energy communities set out above. Our QCA-analysis
of necessity reveals eight (combinations of) conditions necessary for
scaling. We explore these conditions, also discussing them in light of
actionable mechanisms. The final section focuses on the utility of cross-
fertilizing literature and the wider implications of our study.

2. Theory: scaling local scale initiatives in climate governance

In 2010 Elinor Ostrom published a paper, which remains an influ-
ential paper until today on the effective governance of climate change
(Ostrom, 2010). Her paper summarizes thinking on social dilemmas and
the potential consequences of failure to build trust among citizens for
their resolution in the case of a multi-scale dilemma. Ostrom’s decades-
long research program has resulted in a clear set of design principles for
the resolution of such dilemmas in the domain of local-scale environ-
mental governance; however her thinking on polycentric governance
which is about connections between various forms of local action, their
cross fertilizations, and ‘automatic’ adjustments in scale of operation if
required, was still incomplete at the moment of her untimely death
(Aligica and Tarko, 2012).

The sheer confusion surrounding GHG accounting and the re-
sponsibilities around emissions illustrates the complexity of the prob-
lem. Questions emerge regarding who is expected to act and what
mechanisms help coordinate this action. Even if one assumes the best-
case scenario where all actors involved have ambitious climate tar-
gets, questions of responsibility (both in terms of a lack and conflict)
arise (Savini and Giezen, 2020). Is it public authorities’ responsibility to
pressure the private sector operating within their jurisdictional limits to
reduce their emissions? Is it companies that should leverage utility
providers? Should utilities aim to purchase more clean energy and
default on their long-term power purchasing agreement? Should gov-
ernments cooperate in phasing out fossil fules?

What becomes clear is that to resolve the complexity of the dilemmas
surrounding effective climate governance one should aim to effectively
connect both the various scales of (in)action, the numerous actors
involved, and their domains across these scales (Ostrom, 2010). In
coordinating these efforts, much is to be learned from existing success
stories through posing two questions regarding GHG mitigation activ-
ities at the local scale: How can local-scale action most effectively
contribute to resolving a global-scale dilemma? And can the benefits of
such initiatives span past simply the mitigation of GHG emissions - i.e.,
are there other positive externalities to these initiatives?

In answering these questions, scholars researching polycentric
climate and energy governance have shifted their focus onto the
aggregate impact of individual initiatives (Jordan et al., 2018; Petrovics
et al., 2022a). Next to this, zooming in on specific innovations and
exploring what is necessary for their strategic management has also
gained traction over the past decade (Hargreaves et al., 2013; Ruggiero
et al., 2018; Smith et al., 2016).

Polycentric governance thinking (PGT) helps shift the analytical focus of
global governance to the individual interactions of initiatives and the culmi-
nation of the climate governance system as the aggregate of these initiatives’
effective interactions. Similarly, another strand of the debate, regarding
Strategic Niche Management (SNM), connects local innovation to global niche
formation through networks (Geels and Schot, 2007; Schot and Geels, 2008).
This means that conceptually analyzing a niche should not only take place at
the scale of an individual initiative but should also consider how these ini-
tiatives build networks and, thereby, raise their capacity for system change.
Here SNM literature focuses on broad and deep networks, meaning the
involvement of a wide variety of stakeholders and the capacity to mobilize
resources, respectively (Schot and Geels, 2008). Despite commonalities, the
two strands provide variegating insights, and they in fact complement each
other to a degree. This is primarily true in terms of the scale they focus on, the
type of ontological entry point they take and the conceptual methods they
utilize. Table 1 summarizes this.
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Table 1

Summary of Theoretical Entry-points.

Strategic-Niche Management
(SNM) approach

Polycentric governance
thinking (PGT)

Meso and macro: how niche
innovation challenges existing
regimes and landscape
pressures affect this process (
Geels, 2004; Geels & Schot,
2007).

Scale of focus

Ontological Structural conditions of
point of transitions, and how actors are
entry constricted in steering change
(Loorbach et al., 2017).

Multi-scalar: interested in how
innovation can be organized at
the local scale of actor
interactions and how
cooperation at “appropriate”
scales subsequently develops (
Ostrom, 1999, 2010).

Actor interactions and agency
in building coalitions and
institutions with potential to
alter structural conditions (

Aligica, 2013; Aligica & Tarko,

2012).
Conceptual Suitable for ex-post evaluations ~ Resolution of (common pool
method of past transitions, and resource) dilemmas and

deducing learnings from these
processes (Patterson et al.,
2017). In certain cases works
with (ex-ante) scenario
building towards desired
outcomes (Sondeijker et al.,
2006).

building forward from these
actor interactions in building
institutions (Jordan et al.,
2018; Nagendra & Ostrom,
2012; Ostrom, 2010).

PGT in the context of the climate crisis suggests that a more diverse
and multilevel approach is possible, building on cumulative positive
externalities of local, bottom-up initiatives that may or may not have
been initiated out of climate concerns (co-benefits of climate action such
as clean air are also seen as important; see Ostrom, 2010). The empirical
applicability of the conceptual framework is receiving growing attention
with applicability to how a global system should be designed, governed,
monitored, and improved. To this end, Jordan et al. (2018) recon-
ceptualized the climate crisis as an issue resolvable by effective climate
governance where empirical research is needed on local action, mutual
adjustment of governing units, experimentation, trust, and overarching
rules.

The SNM approach posits that technological artifacts, related inno-
vation, and the systems in which they are found are inextricably linked
to society and the individuals who interact with them. It heavily relies
on the multi-level perspective (MLP) that differentiates between three
distinct analytical levels. The regime entails the status quo constellation
of policy, science, markets, culture, technology, and industry (Geels,
2002, 2019). This regime faces challenges from niche-level innovation,
which can topple or change the regime in a multitude of manners (see, for
example Geels and Schot (2007) for a typology of pathways). This
process is exacerbated or slowed by landscape pressures, which are the
overarching dynamics of a system.

These strands of the academic debate enable a useful framing of
scaling local scale initiatives. PGT makes propositions on how to govern
local-scale action for global-scale impact. The SNM approach outlines
what is needed to protect innovation for it to thrive. The two approaches
in combination allow for a better understanding of how various scales
connect and, most of all, what may describe an effective climate
governance system where local-scale activities are connected into
movements of initiatives, where learnings can freely be dissipated be-
tween governing units, and where the various cogs and wheels of the
governance machine move in unison. The questions remain as to what
mechanisms may be at play in such a system? What is needed for indi-
vidual initiatives scattered around the globe to gel into an effective
movement of initiatives? How exactly do they grow and replicate? All
these questions are effectively about scaling, and so we pay some more
attention to the meaning of this term.
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As can the scaling strategies of initiatives be diverse (Bauwens et al.,
2020), so is the overall understandings of the term scaling. Studies that
work with the concept examined how movements grow (Seyfang and
Haxeltine, 2012), how transitions accelerate (Ehnert et al., 2018), how
niches can be protected (Smith and Raven, 2012), or how the impacts of
individual initiatives can be amplified (Lam et al., 2020).

In our understanding what underlies these definitations can be
distinguished as horizontal and vertical up-scaling (van Doren et al.,
2018). These two types describe the outcomes of scaling processes, in
horizontal terms entailing more and bigger initiatives, and in vertical
terms pointing towards institutional change. It is important to outline
that this framework does not isolate vertical and horizontal pathways —
it treats them as potentially self-reinforcing processes. When assessing
energy communities, in operational terms, these pathways entail that an
initiative may expand both in technical capacity and membership and
may replicate its experiences. Moreover, studying and comparing the
empirical realities of these processes as they take place in real life (and
scale up to greater or lesser degrees) could potentially enable the con-
ditions that matter by informing decision-makers as well as energy
community practitioners on where to look for the leverage points
available for successful scaling.

This scaling framework has productively been examined in relation
to PGT (Petrovics et al., 2022a) as well as the SNM approach (Petrovics
et al., 2022b). None of this work has to-date been cross-examined, or in
other words, the two approaches have not as of yet been brought into a
dialogue when examining scaling. The theoretical contribution of this
paper lies here. As a useful operationalization of the two theories, Pet-
rovics et al. (2022a, 2022b) identify 23 potential conditions for scaling
energy communities through a literature review. They suggest that
empirical testing of the conditions is needed to substantiate pathways
towards scaling energy communities. As is outlined in detail in Table 2,
these conditions can be grouped in three categories.

Firstly, some can be considered internal conditions to a community’s
functioning. Here we find conditions to do with the way members
interact with eachother and how they define operational procedures for
the functioning of the community. Secondly, there are conditions at the
level of interactions between initiatives; they may build networks and

Table 2
Conditions for Scaling Energy Communities (Petrovics et al., 2022a, 2022b).

Dimension of Condition Condition

With-in Community Actors communicate amongst themselves
Simple rules and procedures

Ease of engaging citizens in initiative

Space to experiment

Common vision and set of goals

Community members have the capacity to mobilize
resources

Leadership roles within initiative

Sense of co-ownership

Financial frameworks serve members
Formalized and professionalized organization

Between Communities Initiatives interact externally
Presence of intermediaries
Initiatives learn from each other
Establishing networks

Transferring knowledge and best-practices

In the Context of
Communities

Democratized distribution of knowledge
Monitoring and evaluation frameworks pointing
towards learning

Context for entrepreneur-led experimentation
Support for local innovation

Supportive financial frameworks

Innovation focused policy

Reliability of technology and policies

Local participatory process
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may learn from other initiatives. As mentioned, this dimension is key in
connecting local niches with global niches and driving the effective
functioning of a polycentric governance system. Finally, some condi-
tions can be identified at the level of the context. These conditions pri-
marily link to the broader support structures at the disposal of policy and
decision-makers to support energy communities. This being said action
must come from multiple sides including citizens.

As is spelled out below, these conditions serve as a useful baseline to
better understand what is needed to scale energy communities as well as
to refine both PGT and the SNM approach through empirical examples.
Albeit numerous, these conditions may hold the key to better under-
standing what conditions are necessary for specific energy communities
at the local-scale to grow in terms of their membership or their technical
capacity. Next to this, these conditions may also hold the key to better
understanding how energy communities as an overall movement at the
global scale may replicate their experiences. The coming sections aim to
enhance our understanding of this by closely analyzing a number of
energy communities, by using Qualitative Comparative Analysis (QCA).

3. Methodology

This paper uses Qualitative Comparative Analysis (QCA) as its
principal method to identify the necessary (combinations of) conditions
for scaling. We compare 28 diverse energy communities across 14 ju-
risdictions. They are diverse in terms of the technologies they utilize, the
actors involved in their emergence and the models they base their op-
erations on.

3.1. Why QCA is appropriate for studying the scaling of energy
communities

QCA is a set-theoretic approach, which builds on the conception that
societal phenomena can be described through set relations (Mello, 2021;
Ragin, 2008; Schneider and Wagemann, 2012). This enables the iden-
tification of necessary and sufficient (combinations of) conditions for an
outcome. While relationships of necessity and those of sufficiency are
both relevant from a set-theoretical perspective, applied QCA research
tends to focus most of the analysis of sufficiency (cf. Schneider, 2019).
There has been more attention paid to the analysis of necessity in QCA in
methodological studies (e.g., Bol and Luppi, 2013; Rohlfing and
Schneider, 2013; Vis and Dul, 2018). However, to date, this has not been
picked up much in applied research, perhaps except for also reporting
SUIN conditions. These conditions are “a sufficient but unnecessary part
of a factor that is insufficient but necessary for an outcome” (Mahoney,
2008, p. 419). This bias towards analysis of sufficiency is unfortunate,
both because many theories in the social sciences include claims of ne-
cessity — as the numerous examples by Goertz and Starr (2003) show,
and because empirically necessary (combinations of) conditions are
essential for the occurrence of an outcome. This is especially important
when a study’s goal is (also) to make policy recommendations, like this
one’s.

QCA is also appropriate because a growing number of papers in the
field of environmental studies adopt it as a method. These include
studies comparing renewable energy target adoption (Bergero et al.,
2021), assessments of climate policy ambitions (Tobin, 2017), early-
stage experiments for radical climate interventions (Low et al., 2022),
sub-national (German) success conditions of energy communities
(Martens, 2022) or leadership in energy policy-planning (Crawford,
2012). Albeit being manifold, these studies tend to focus on relation-
ships of sufficiency. Our focus, conversely, is explicitly focused on the
conditions or combinations thereof that are necessary, because these are
crucial ingredients enabling scaling.

3.2. Data collection and calibration

This study’s raw data comes from a survey conducted in 2021, which
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contained 37 (7-point Likert scale) statements corresponding to the 23
conditions identified by Petrovics et al., (2022a, 2022b) (see Table 2).
Each of the statements in the survey was followed by an open-ended
question, providing respondents the opportunity to offer further quali-
tative information.

Due to the explorative nature of our study during the data collection
process, we followed a non-probability sampling approach. In selecting
our cases, we considered the following. We looked for prominent ex-
amples of energy communities in diverse jurisdictions, most of which are
expected to transpose the EU’s definitions of energy communities. These
definitions stem from directives targeting the formalization of energy
communities throughout the European Union (Renewable Energy
Directive 2018/2001 and Internal Electricity Market Directive 2019/
944). The requirement for member states to transpose these directives
has created a fertile ground for identifying empirical examples across the
EU of successful initiatives. As such, we aimed to balance the diversity of
empirical examples with the umbrella catchment of a broader institu-
tional setting — i.e. the European Union with one case in Turkey that
replicated Belgian experiences. Despite a difference in technology, size
and location we consider the growth and replication of experiences the
focus of our study and the included cases. As such, through the QCA we
aim to explore the necessary ingredients of scaling across successful
initiatives.

We approached 200+ energy communities and 50+ gatekeepers
(academics working in the field, umbrella organizations, etc.), which
resulted in 30 responses from representatives of communities. Two of
these have been excluded due to incomplete survey responses resulting
in a total pool of 28 cases. As mentioned, the cases included in our
analysis utilize diverse technologies and differ in size and location
however are embedded with-in the EU’s framing of energy communities.
For a high-level overview of the cases see Table 3; for a detailed one, see
Methodological Appendix 1 (section 1.2).

To conduct an analysis of necessity using QCA, raw data needs to be
calibrated (see Oana et al., 2021). This means that a case can have full
membership (=1), full non-membership (=0), and partial membership
(<0.5<) in a set. Considering the conditions follow Likert-scale re-
sponses, these can be considered ‘pre-calibrated’ (i.e., the responses are
already comparable). Therefore, membership in the various conditions
is calibrated as 6.5 <fully in, 4.0 cross-over point and <1.5 fully out.
Certain data points were skewed, which we have accounted for in the
Methodological Appendix 1 (sections 3.2 and 4.2).

The outcome (high degree of scaling) is measured by assessing three
separate factors: change in technical capacity, change in membership,
and replication of experiences. Change in technical capacity is measured
by comparing the degree of change for production in MW and for storage
in Ah compared to the base year (founding of the community). Similarly,
change of membership is measured by the growth rate of membership
compared to the base year. These factors have been compiled in a
composite index for comparability and more straightforward calibra-
tion. This was done by scoring the degree to which scaling took place in
terms of a.) growth in technical capacity, b.) growth in membership and
c.) replication of experiences. These scores were in effect weighed as
Scaling Outcome = 0.2 x A + 0.4 x B + 0.4 x C. These weights were
chosen to reflect the fact that energy communities not only carry the
opportunity to enhance the process of deploying renewables but also
carry a potential to democratize energy grids. Hence, the conscious
choice was made to weigh change in membership and replication more
heavily. This is also based on the assumption that expansion in mem-
bership as well as the replication of activities will implicitly carry a
change in technical capacity.

To validate the responses past the survey we also utilized further
methods and tools to enhance the quality of our data. Upstream this
includes literature reviews for validating the examined conditions, the
aforementioned non-probability sampling approach, correction of
skewedness of certain data points as well as qualitative interviews with
energy community practictioners and representatives of some of the
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Table 3
Overview of Cases.
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Case Country Date of Founding
LEC Steyr Austria 2020
Ecopower Belgium 1991
Mega Watt Puur Belgium 2019
Noordlicht Belgium 2019
Novi Otok Korcula Coop Croatia 2015
DWATTS France 2016
Plaine Energie Citoyenne France 2018
SCIC Midi Quercy Energies Citoyennes France 2017
PowerZone Germany 2018
Hyperion Energy Community Greece 2020
Sifnos Energy Community Greece 2013
Aran Islands Energy Coop Ireland 2012
Villanovaforru Energy Community Italy 2021
Coopérnico Portugal 2013
GoiEner Coop Spain 2012
Monachil’s River Energy Community Spain 2020
Som Energia Spain 2010
Viure de I"aire Spain 2009
Rostanga energikooperativ ekonomisk forening Sweden 2000
Blijstroom The Netherlands 2012
Duurzaam Assen Energy Coop The Netherlands 2016
Ecostroom The Netherlands 2014
Energiecooperatie Zuiderlicht The Netherlands 2013
Reduzum Coop The Netherlands 1994
Toer The Netherlands 2019
Vereniging Aardehuis Oost Nederland The Netherlands 2011
Troya Renewable Energy Cooperative Turkey 2017
Egni Coop United Kingdom 2013

cases. These interviews have explored specific experiences of cases and
overall trends in the European energy community field. Downstream we
work with case illustration as well as a detailed discussion of the
necessary conditions to enhance the theoretical and practical validity of
our findings, as is outlined in the discussion section. To this extent, these
approaches allow for the triangulation of the survey data and a better
grounding of the results in empirical reality.

3.3. Analysis of necessity

To conduct the analysis of necessity using QCA, we place the 23
conditions identified by Petrovics et al., (2022a, 2022b) into three cat-
egories based on what happens within an initiative, between initiatives,
and in the contexts (see Table 2). This allowed us to pragmatically
approach the vast qualitative differences across the conditions exam-
ined. The three categories allow for presorting the conditions and to
identify the necessary (combinations of) conditions within each of them.
We utilize two R packages for our analysis from Dusa (2019) and Oana
and Schneider (2018) and have conducted our analysis in the 2022.07.2
Build 576 version of RStudio. We utilize a consistency level of 0.9, which
is common for analyses of necessity (Dusa, 2019). This measure in-
dicates the degree of necessity of a condition. We furthermore report on
coverage necessity and relevance of necessity, which allows to measure
the triviality of conditions past their necessity. For more information on
this process and the detailed results per model, see the Methodological
Appendix 1 (sections 1.3, 2, 3, and 4).

The necessary conditions resulting from these models can take two
forms: single necessary conditions and SUIN conditions; the latter are
conditions that are “a sufficient but unnecessary part of a factor that is
insufficient but necessary for an outcome” (Mahoney, 2008, p. 419). To
establish if empirically identified SUIN conditions are also theoretically
valid, the researcher needs to examine if said conditions form a higher-
order concept (Ibid.). Such a higher-order concept can be treated as a
necessary condition if they do. Based on this process we identified 4
necessary conditions and 4 SUIN conditions, which are also detailed
below.

4. Results: identifying necessary conditions to scaling

This section outlines the key results of the three analyses of necessity.
To summarize, we identified eight different necessary conditions to
scaling, including several necessary SUIN conditions. A detailed over-
view of the resulting conditions of scaling marked with condition
number (C#) is outlined in Fig. 1 below.

4.1. Descriptive results of analysis of necessity

Four of the conditions set forward by Petrovics et al., (2022a, 2022b)
are necessary for scaling, which include formalized organization, lead-
ership roles within an initiative, initiatives interacting externally and
initiatives learning from each other. The results supporting these find-
ings are outlined in Table 4 below.

Single necessary conditions only resulted from models # 1 and # 2.
The four necessary conditions all reflect a high degree of consistency
(with a Cons.Nes threshold of >0.9) and have relatively high coverage
scores (with a Cov.Nec threshold of >0.7). The varying degrees of Rel-
evancy of Necessity (RoN) can be verified through plotting the results for
which more supporting evidence is provided in Methodological Ap-
pendix 1 (sections 2.2, 3.2, and 4.2).

Based on our analysis four higher order (SUIN) conditions also
emerged, which are similarly necessary. These include the presence of
bonding capital, the presence of bridging capital, openness to novelty,
and the continuity of support structures. The results supporting these
findings are outlined in Table 5.

Each of the three models resulted in SUIN conditions, with model #3
producing two such conditions. The high inclusion scores (incIN > 0.9)
and relatively high coverage scores (covN > 0.7) suggest that following
theoretical validation the resulting higher order concepts can be
considered necessary for the outcome. For more details on how these
concepts were reached, please see Methodological Appendix 1 (sections
2.2.1,3.2.1, and 4.2.1).
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Fig. 1. Results of three analyses of necessity with Condition # (red = analysis 1, blue = analysis 2, green = analysis 3).

Table 4
Results of Analyses of Necessity.
Model #  Condition Cons. Cov. RoN
Nec Nec
1 Formalized Organization (C1) 0.944 0.742 0.354
1 Leadership roles with-in initiative 0.901 0.787 0.559
(C2)
2 Initiatives interact externally (C3) 0.933 0.772 0.471
2 Initiatives learn from each other (C4) 0.962 0.758 0.374
Table 5
SUIN Conditions and Higher-order Necessary Conditions.
Model Conditions Higher order incIN RoN covN
# concept
1 Simple Rules and Bonding 0.903 0512 0.771
Procedures AND Common  Capital (C5)
Vision and Set of Goals
2 Initiatives learn from Bridging 0.908 0.505 0.771
Each other AND Capital (C6)
Establishing Networks
3 Context for Entrepreneur- Openness to 0.915 0.552 0.792
led Experimentation AND Novelty (C7)
Innovation Focused
Policy
3 Support for Local Continuity of 0.903  0.501 0.767
Innovation AND Support
Supportive Financial Structures
Frameworks AND (C8)

Reliability of Technology
and Policies

4.2. Empirical examples of necessary conditions

The four necessary conditions and four higher-order (SUIN) condi-
tions that emerged from the empirical analyses are discussed in more
detail below, whereby we illustrate them with examples from our cases.

First, our cases are mostly formalized (C1) by inscribing the com-
munity as a cooperative at the relevant business or commercial au-
thority; in a handful of cases, there is special legal standing created for
energy communities as legal entities (see, for example, the Greek Law on
Energy Communities (4513/2018). Next to this, communities such as
Toer (Tzum) attach a foundation to their community with broader goals
of driving sustainable development at the local-scale and ensuring any
surplus value is captured in the immediate surroundings of the com-
munity. In a handful of cases the communities are founded as a company
(e.g. PowerZone). Interestingly, formalization was not found to have a
strong relationship with the scalability of these cases implying that the
one-actor-one-vote principal of cooperatives has a stronger influence on
scalability. The emergence of this type of energy community may signify
a landscape resulting from the revised Renewable Energy Directive
2018/2001 and revised Internal Electricity Market Directive 2019/944
of the EU, which set out for the active involvement of municipalities and
private sector actors in renewable energy communities and citizen energy
communities respectively.

Second, strong leadership roles within the cases (C2) manifested
primarily in the citizen-led cooperatives. In the municipal-led case of the
Villanovaforru Renewable Energy Community and the private company-
initiated PowerZone this condition is less present. It can be extrapolated
from these cases that their alternative institutional logic (i.e. non-
cooperative approaches) can help bypass the necessity of strong lead-
ership. A notable example among the cooperative cases is Zuiderlicht in
the Netherlands, which not only has committed leadership in the



D. Petrovics et al.

community as a whole but also invests resources in training further
project leaders to set up and run specific installations and further
initiatives.

Third, the cases interact externally (C3) primarily by engaging with
umbrella organizations such as Energie Samen in The Netherlands, the
Swedish Renewable Energies Oranization (SERO) in Sweden, or
REScoop, the European Federation of Energy Communities. Next to this,
they maintain regular contact with other energy communities and with
municipal-scale public authorities and energy utilities. Such interactions
have helped communities observe common challenges, identify
enabling conditions and share experiences in open fora. Next to this, it
has also allowed our cases to identify relevant skills and knowledge from
further initiatives and individuals.

Fourth, the cases have learned from other initiatives (C4) primarily
via REScoop. This federation has assisted a number of newcomers to the
field with relevant knowledge and connected various initiatives with
each other. The means are diverse — ranging from coaching programs on
the International Cooperative Alliance’s cooperative principles, regular
meetings with other cooperatives, recruiting experienced individuals as
board members, and running joint projects with sister organizations
(energy communities).

As mentioned, four higher-order SUIN conditions also emerged from
our analysis. Here, we discuss the logic of reaching these conditions and
give some empirical examples. First, simple rules and procedures within
a community alongside a shared vision and goals point to the higher-
order concept of bonding capital (Putnam, 2000) (C5). Putnam (Ibid.)
describes this type of social capital as one that allows for communities to
‘get by’ through building strong ties in a horizontal manner resulting in
thick trust. This links to the inward looking focus on how actors utilize
their social capital to engage with each other.

Generally among the cases, it is during the founding stages that the
long-term goals and the rules for the functioning of the community are
set. At this stage it is commonplace for members to participate in iter-
ative and participatory processes, which result in statutes and founding
documents. At a later stage of the communities’ lifespan members
generally contribute to short-term goal setting and the overall processes
of the community are generally discussed face-to-face. It is also
commonplace for substantial issues to be raised at General Assembly
meetings, which tend to be enshrined in broader decision-making
processes.

Second, learning between communities happens directly between
communities or with the help of intermediaries (Warbroek et al., 2018),
suggesting the necessity of bridging capital (Putnam, 2000) (C6). This
type of social capital mirrors the capacity of communities (and their
overall) movement to build on connections they make externally with
other essential actors. As mentioned, key actors in these processes are
national umbrella organizations and REScoop in particular, which can
assist communities in developing and utilizing their bridging capital.

Third, a context for entrepreneur-led experimentation and
innovation-focused policy suggests the necessity of openness to novelty
(C7) where experimentation is embraced by communities themselves
and where a supportive institutional context, which allows communities
to do so is created by decision makers. Amongst the cases the following
examples are present. In the ZEZ Coop in Croatia, support from local
authorities helped citizens get involved in projects that install solar PV
in their households and assisted them in applying for government sub-
sidies to install the systems. This model has also been replicated in
several different cities in Croatia. In the Basque country, the GoiEner
Coop builds on individual ideas from all members as long as they are
well elaborated and developed. This allows for all members to act as
entrepreneurs. Finally, in Catalonia, in the Viure de L’aire initiative,
their’cooperative’s knowledge is complemented by collaborating with
other engineering coops to implement technologies such as batteries
within their projects. What underlines these activities is a general
aptitude towards experimentation and innovation, which is accentuated
by the space and opportunity to do so.
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Finally, the condition of continuity of support structures (C8) entails
support for local innovation, supportive financial frameworks and reli-
ability of technology and policies. Next to general policies that focus on
innovation, local-scale support is also needed. Among the cases, exam-
ples include the calling of EU funds through inter-municipal partner-
ships (Interwaas) in support of energy communities in Belgium, feed-in
tariffs in a number of countries, as well as provincial-level subsidies for
energy communities, as in the case of Friesland (The Netherlands).

4.3. Towards sufficient combinations of conditions

Our main focus with QCA has been on identifying the (combinations
of) necessary conditions for scaling. To take a first step to also identify
which (combinations of) conditions are sufficient for the outcome, a
QCA analysis of sufficiency is required. Given the high number of con-
ditions, a full-fledged analysis of sufficiency using QCA is unlikely to
yield meaningful results. Instead, we use QCA’s truth table to summarize
the data, the latter being one of the uses of QCA (Berg-Schlosser et al.,
2009). A truth table includes all possible combinations of conditions (k),
with the number of rows in the truth table being 2 k we produced a truth
table of necessary conditions (individual or SUIN ones).

Table 6 presents the truth table rows, i.e., combinations of necessary
conditions, that represent one or more cases. The scores ‘1’ indicate the
presence of given condition, whilst ‘0’ indicate the absence. Each row of
a truth table “linked to the outcome can be interpreted as a statement
of sufficiency” (Schneider and Wagemann, 2012: 334, emphasis in orig-
inal, see also Ragin, 2008). The measure of fit “incl” (inclusion, also
known as consistency) indicates the degree to which cases that share a
specific combination of conditions also display the outcome. We use a
conventional inclusion cutoff of 0.8. PRI, also displayed in Table 6,
which stands for Proportional Reduction in Inconsistency and is a
measure to identify simultaneous subset relations—the, problematic,
situation where the same combination of conditions is sufficient for both
the presence of the outcome as well as its absence (see e.g., Mello, 2021:
ch. 6).

For the rows with the presence of the outcome (#1 through #9) there
are no major gaps between the PRI scores and the inclusion scores,
which is suitable for a meaningful analysis of sufficiency. Similarly, in
the case of the outcome, ‘1’ means the complete presence of the given
outcome whilst ‘0’ entails the complete presence of the negation of the
outcome for a sufficiency relationship. The truth table thus presents the
varied combinations of conditions — in this case, of the conditions
identified as necessary — that are sufficient for the outcome, without
necessarily involving the presence of all necessary conditions. A number
of points stand out in the truth table in Table 6. Firstly, a high number of
cases (n = 12) display the same combination of (necessary) conditions
(in row #9), which jointly are sufficient for the outcome: the presence of
the conditions Formalized Organization AND Leadership Roles With-in
Initiative AND Initiatives Interact Externally AND Initiatives Learn
from Eachother AND Bonding Capital AND Bridging Capital AND the
absence of the conditions Openness to Novelty AND of Continuity of
Support Structures. Note that this descriptive finding is intended only as
a first step towards a full-fledged analysis of sufficiency. For one, it likey
includes conditions that are redundant, i.e., not core ingredients of a
sufficient path to the outcome. Moreover, it is a complex finding,
including a high number of conditions as well as the presence of SUIN
conditions.

Secondly, row #5 is the configuration in which all individually
necessary and SUIN conditions are present. As is plausible theoretically,
most cases with this configuration indeed have the outcome (n = 4). One
case, conversely, Stichting TOER, has not scaled. This indicates that
there is a bottleneck that hampers producing the outcome, something
that is interesting to explore further in in-depth case analysis. However,
this so-called deviant consistency in kind does no invalidate the findings
regarding necessity.

Finally, row #11 suggests that there is one case where all conditions
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maintaining social capital that allows the effective external interactions
of initiatives, our cases suggest that energy communities can build the
capacity needed as a movement overall to scale. This process links
closely with establishing deep and broad social networks in the SNM
approach, where the bonds initiatives build externally are conditioned
on the capacity of actors to mobilize resources while also allowing for a
multitude of stakeholders to voice their perspectives (Schot and Geels,
2008). This means that, on the one hand, initiatives individually do have
a lot to gain from interacting with each other, while on the other hand,
the amalgam of these interactions adds up to a different kind of whole, to
put it in Elinor Ostrom’s words a holon - or a system of systems (Ostrom,
2005).

Similarly, initiatives must interact externally (C3), highlighting a
strong emphasis on networks. Considering both a well-functioning
polycentric governance system as well as the effective management of
niches is predicated on a network, it is important to unpack what ini-
tiatives themselves can do to leverage this concept well. It is not simply
bridging capital as a capacity needed that is at play here; it is the interest
of internal actors turning to the myriad of further initiatives past their
own doorstep that allows for scaling. Ensuring activities are communi-
cated to the outside world and that by this the engagement of key
(regime) actors is safeguarded is a must for the movement of energy
communities. Here any type of communication capacity support from
decision-makers is a support mechanism.

Next to this, learning (C4) is a key condition for the scaling of energy
communities. And so, the capacity of a system to enable individual
initiatives to learn from each other is the key mechanism at play here.
This links to the emphasis PGT and the SNM approach both place on
learning. In the former, learning is a key underpinning of the capacity
for individual governing units to mutually adjust (Baird et al., 2014;
Blasch et al., 2021) while in the later it is the underpinning that allows a
system to reflexively transition. Overall, these commonalities highlight
that there is fruitful benefit in cross-fertilizing seemingly different
theoretical literatures and by this examining the same empirical mate-
rial from varying perspectives.

Thirdly, bonding (C5) and bridging capital (C6) are concepts that
also appear in PGT (Hamilton and Lubell, 2019). From our examination
what becomes apparent is that on the one hand bonding capital can
inform the building of micro-scale institutions. This is a key underpin-
ning both of what is needed to guard a niche from external market forces
whilst also of the common’s logic underpinning PGT (Ostrom, 2010). It
can furthermore be argued that by creating the appropriate legal
framing of a given initiative, bonding capital can be linked to the
formalization of initiatives. This is a strong mechanism at the disposal of
decision makers, which can further strengthen the bonding capital of
initiatives.

Bridging capital on the other hand can particularly help in con-
necting local niches with global niches and by this help better ground the
overall movement of initiatives — in our case the movement of energy
communities. Decision makers — and in particular umbrella organiza-
tions and intermediaries — have a mechanism at their disposal by
creating platforms for initiatives to connect, share experiences and most
importantly learn from each other.

Fourth, what also becomes clear from PGT and SNM entry-points is
that past the empirical proof of horizontal scaling — notable expansion of
initiatives in technical capacity, membership and replication of experi-
ences; the above conditions highlight the qualitative nature of vertical
scaling. Considering vertical scaling involves institutional change (van
Doren et al., 2018), niche initiatives can influence the regime’s behavior
as well as constellation. This in effect opens the opportunity for further
advancement of the niche, be that through legal structures that allow the
formalization of initiatives (C1), external interactions (with incumbents)
(C3), learning from other initiatives (C4) resulting in higher order
learning, or through ensuring that support structures enjoy a continua-
tion (C8). It can very well be that this type of institutional effect further
drives the horizontal scaling of community energy.
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Table 7
Summary of Scaling Mechanisms of Energy Communities at the Disposal of
Decision Makers.

Scaling Mechanism Description

Equip individual citizens with
leadership capacity

Considering know-how on leveraging the
administrative landscape of setting up and
running energy communities exists in
successful communities, this knowledge
should be dissipated. Set out with
frameworks that allow for training more
project and community leaders in the
energy community space based on the
experiences of existing initiatives.

Ensure that rules are interoperable and fit-
to-purpose targeting specific actors at
specific scales (from local, through
regional, to national). Consider what the
needs of incumbent actors are (e.g.
Distribution System Operators (DSOs)),
whilst ensuring citizens have streamlined
access to the resources needed for their
community initiative to take off.
Enhance the capacity of a system to enable
individual initiatives to learn from each
other. This can be done by supporting
their engagement with (existing)
networks, which dissipate learnings.
Assist energy communities in reaching
further citizens through communication
support and assist energy communities in
engaging status quo players, such as
energy utilities and DSOs.

Create a legal framing for energy
communities, which can allow for their
effective participation in energy
governance. Ensure that their
formalization allows them grid access,
streamlined access to subsidies and tax
breaks.

Create platforms for initiatives to connect,
share experiences and most importantly
learn from each other in a peer-to-peer
manner.

Provide support for any type of regional,
national or international initiative, which
strengthens the connections between
energy communities. These umbrella
organizations are generally member or
community funded, whilst their potential
to scale impact through dissipating
learnings is tremendous.

Create platforms where energy
community practitioners can engage with
regime actors such as transmission system
operators (TSOs) or DSOs in particular,
municipal decision makers or energy
policy actors at the national level.

Draft rules and allocate responsibilities
fit-to-scale and fit-to-purpose

Build learning capacity

Provide communication capacity
support

Formalize initiatives aimed at their
functioning

Create peer-to-peer learning platforms

Build the capacity of umbrella
organizations

Create platforms and processes for
communities to engage with
incumbent actors

Finally, QCA has helped to understand what (combination of) con-
ditions are necessary for a certain outcome. In the case of our analysis a
high number of conditions resulted as necessary — meaning the scaling of
energy communities may face a number of bottle necks. This means that
these necessary conditions (C1-C8) form the baseline of what has to be in
place to successfully scale energy communities but it is important to
emphasize that this still is no guarantee for scaling to take place. This
being said a future analysis of sufficiency may underline what conditions
may lead to scaling without the necessity for all the encompassed con-
ditions to be in place (Table 7).

As for the limitations of our analysis a number of points can be
raised. Our cases span diverse contexts, with varying actors and tech-
nologies at play suggesting a relatively heterogenous pool of cases.
However the breadth of our concepts should allow for the possibility of
identifying the common denominator in scaling available to decision
makers and energy community practitioners alike. Next to this, we have
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not in detail explored relationships of sufficiency and have solely
focused on identifying those conditions necessary to scaling. Further
analyses could illuminate the minimal combinations of (necessary)
conditions sufficient to scaling. Furthermore, the above mechanisms
primarily outline leverage points available to decision makers, whilst
other actors may have further mechanisms at their disposal.

6. Conclusion

By studying the empirical reality of scaling in 28 energy communities
our article explored what (combinations of) conditions are necessary for
the much-anticipated broader impact of local initiatives. Whilst specu-
lation on the effects of local initiatives on the broader efforts to govern
renewable energies is rampant, systematic empirical studies of a larger
number of cases have been few and far between. This article takes a step
towards filling this important gap.

Assessing the amalgam actions these communities undertake
through the lens of PGT and better understanding how this niche can best
be strategically managed has allowed for a fruitful cross fertilization of
diverse strands in the academic literature. The two bodies of literature
study very similar subjects and in effect are a neat complementation of
one another with potential to bridge debates happening in the field of
governance studies (Jordan et al., 2018) and transition studies (Loor-
bach et al., 2020). Our theoretical contribution draws on this cross-
fertilization by shedding light on the benefits of empirically examining
local-scale action, better understanding the interactions and in-
terrelations of individual initiatives and overall embedding the concept
of community-based action in a global governance system.

We did so by conducting a Qualitative Comparative Analysis. This
method has allowed us to focus on the necessary (combinations of)
conditions to scaling whilst also examining 28 individual cases. This
approach has allowed us to extend exploratory thinking on the gover-
nance of energy communities as niches into the realm of empirics.
Further exploration would benefit this examination, particularly in
exploring more detailed cases of successful energy communities.

Overall, our analysis forms an empirical contribution to transition
studies and thinking on governance more broadly. Our empirical
assessment of necessary (combinations of) conditions of scaling energy
communities highlights the focal points those active in the energy
community field as well as national and local policy makers may have at
their disposal. Next to this, the specific mechanisms resulting from this
analysis may form a strong basis for further policy development towards
expanding the reach of both renewable energy technologies and their
effective governance at the local-scale.

But what is needed for energy communities to scale? Our analysis
resulted in 8 specific mechanisms, which are deeply implied in the
scaling of energy communities. Several implications for those who are
involved in the governance of local initiatives (ranging from the initia-
tors to government actors and beyond) ensue. Our findings point to the
importance of capacity support — in terms of leadership, learning, and
communication capacity development, but also to the importance of the
way in which initiatives are formalized and the manner in which
legislation should be drafted fit to scale and purpose. Our findings also
suggest the importance of the connections between communities, um-
brella organizations and incumbent actors. Ultimately each of these
mechanisms should allow for the overall number and size of energy
communities to grow and should allow for initiatives to replicate their
experiences. Next to this it should allow for innovation to happen with-
in initiatives pointing to a type of formalization, which is not one
dependent on one-size-fits-all legal structures; but one that is contex-
tually embedded and creates a level-playing field for energy commu-
nities with safeguards from external market pressures to enhance their
activities.

There is plenty of opportunity for further research here - in partic-
ular when it comes to the study of any type of common pool resource
dilemma, which departs from the constraints of the local in its effect but
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may potentially be governed effectively through the blend of multiple
localities across multiple scales. As some of the core assumptions taken
in this paper are that there are certain mechanisms at play connecting
local-scale initiatives with a global-scale impact it is important to zoom
out and underline that there are observable changes undergoing the
European Energy system with at least 2 million EU Citizens being
involved in over 7000 energy communities (Smarten, 2022). Compared
to the overall energy demand of the EU as well as the total number of
citizens this may seem small, however from the perspective of niche
institutionalization it is substantial.

Future research could further examine the rate of growth and the
knowledge networks supporting these communities. Next to this, re-
searchers could explore what cross-fertilization of literature may mean
for the governing of other types of commons — be those knowledge
commons, urban commons or environmental commons. Furthermore,
sketching out the detailed working of the various conditions outlined in
this article could carry potential. Finally, considering the growing het-
erogeneity of energy communities it would be relevant to better un-
derstand what conditions apply best to various institutional logics (state,
market or community).

The coming period will act as a Litmus test to the diffusion of energy
communities. Particularly in the case of the front runner - the EU,
Member States have space to interpret how renewable energy communities
and citizen energy communities may manifest in their jurisdictions.
However, bearing the pressing nature of the climate crisis in mind,
policy makers also have a responsibility here to consider what is the
most effective approach. Hence transposition should be done with local
contexts in mind. Existing regulatory frameworks governing electricity
markets, support schemes available for the deployment of renewable
energy technologies and overarching targets and goals for the share of
renewable energy in national energy mixes should be considered in the
process. Decision makers should reflect on how energy communities can
best benefit their jurisdiction and what can be done to best incorporate
the community-based ownership of renewable energy assets in their
jurisdictions.
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