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ABSTRACT
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®Conventional energy systems are market-driven and characterized by privatization,
competition, and profit-driven-growth-strategies. Although these systems have become
powerful actors and key drivers in the energy sector over the past century, their self-regulation
toward carbon neutrality progresses extremely slowly, if at all [2].

Citizen energy projects are playing an increasingly crucial role in the green energy
transition, as empowered communities actively produce, manage, and benefit from renewable
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energy, positioning communities and citizen groups as primary actors driving the shift toward
green energy production.These initiatives often focus on sustainability, social community,
collective self-consumption [3] local ownership, social values, communal benefits, community
engagement, peer-to-peer energy trading, as well as establishing or forming Positive Energy
Districts (PEDs) and renewable energy cooperatives. Given that approximately 40% of global
energy is consumed by and in buildings [4], citizen groups represent both the end-user and one
of the largest potentials (even key actors) capable of impacting the energy transition. Despite
their efforts, they remain the least informed, least funded, least supported, and least impactful
actors in this transformation.

RESEARCH GAP AND OBJECTIVES

sustained community engagement and equitable benefit dist
following research question: What organizational chay
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two case studies represen
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This res
mig#ical framework specifically designed for evaluating citizen or
y ptojects is developed and designed. This framework integrates dimensions

ately in existing research. Second, empirical evidence demonstrating how
ructures—particularly governance models and financial mechanisms—
ity, participation, and sustainability outcomes in community energy initiatives is
hird, actionable insights and conditions necessary for scaling and replicating
successful community energy projects, addressing a critical gap between pilot projects and
widespread implementation are identified.

This paper is structured into two main sections. Section 2 reviews literature on community
energy production and organisational typologies, describing the methods used in the paper and
the selection of the cases. Section 3 presents the results of the PED Matrix self-assessment and
its application to the cases, as well as the findings regarding replication. The final chapters
discuss the results and conclude with implications for policy, practice, and future research.



REVIEW AND OVERVIEW OF ENERGY PROJECTS

Looking back at the energy transition pathway of the last few decades, it would be logical
to conclude that applications to date have proven to be inadequate (as a driving or pioneer
force) in addressing the climate crisis. As early as 2001, Kolk [2] had analysed the oil industry
and noticed a move towards emissions reduction alongside investments in renewable energy,
observing considerable shifts in corporate climate strategies. Fast-forward a quarter century
later to 2025, reaching the established climate goals is still a distant dream [5]. This is related
to the low-self-regulation [6] practices of the key-players in the energy sector. Energy
monopolies have mediated strong collaboration conditions with national d601s10nmakers in
almost all countries; self-regulatory or regulatory frameworks favouring climate
strategies have yet to be established. An analysis on the market value of U.S. co
the impact of climate risk disclosure reveals that not all climate risks, suc
transition risks, pollution, and physical risks, are treated with equal 1mportanc

attention to the issue of climate has strong impact on firm value [7]. T sts
that, within the private sector, the prioritization of climate issues 1 ternal
boundaries that may not align with the actual urgency of the climate

Market shares demonstrate that renewables are not yet proﬁtab rwise, their

market players haven’t shifted their focus entirely to renewq
energy systems continue to exacerbate intersecting biodiversity loss,
inequalities, and democratic challenges, creating issues beyond market demand.
Fundamental institutional reforms are necessary achicv@a just and sustainable energy

[ to dddress crucial themes such as

fanwhile, existing

fairness and democracy, while challenging and oppressive structures. A move
beyond profit-driven models to prioritiz i ong sustainability is needed. This
positions communities and citizen grou actors and drivers of the shift toward

green energy production.

Simultaneously, people ang
circumstances around the glo
mltlgatlon ambitions, both 3

continue to emerge under different
ose of securing and advancing their climate

dependencies [9
extensive. Y

et of climate change on local opportunities and wellbeing is
uropean Parliament had mandated zero-energy standards for new

¢ green energy transition can take various forms and initiate a wide
uding but not limited to: energy communities, crowdfunding for the shift

jects, mobility and transportation projects, renewable energy events, citizen-led
policy activities, off-grid or micro-grid energy projects, art and culture projects, and many more.
The diversity of the groups, their interests and variety are significant, (see figure 1). All these
factors make understanding how citizens can collaborate and unify to become a central player
in the just energy transition, crucial.

This paper is organised as follows: first, community energy production and the different
types of organising are presented, followed by and introduction of the case studies. Next, the
criteria used in the PED Matrix is presented and applied to the case studies. Then, key
parameters with justice perspectives are proposed in eight critical areas (Figure 2) for the two
presented energy communities, followed by a comparative analysis. Finally, the replicability



of such energy projects are addressed, followed by conclusions and suggestions for future
research.

BACKGROUND: ORGANISING COMMUNITY ENERGY PRODUCTION

Citizen’s attempt discovering new ways of
producing local energy to cover their energy demands—
these efforts are often related to global energy
uncertainties (Figure 1). These initiatives take multiple
organisational forms, each with distinct legal structures,
ownership models, and operational scopes (see Table
D. a ‘.‘

An energy community creates an informal or formal
governing body to facilitate energy exchange among its
members. In contrast, a Positive Energy District (PED)
aims to optimize energy balance toward carbon
neutrality but does not require a governing body to
oversee or manage this process. This task can be
fulfilled, if at all, by a cooperative, an authority, a
company, a service provider, or an energy community
(Table 1). <

Figure 1. Covering the local
energy consumption with local
production [10].

Ownership Productic ogy Legal
Prosumer Individuals, On their oy solar Covering own energy needs.
households or propert heat Potentially selling excess
same building ; energy to the grid or peer to
neighbours energy storage peer trading
Energy Member owned — here Bottom-up Production, marketing
Cooperative | multiple network, can be
(co-ops) | households large energy
producers or
marketers
Energy Only renewable No commercial activity.
Community energy Accessible for low-income
(REC) households. Boundary
regulations. Prosumer,
Consumer, Producer,
membership roles.

als, Anywhere Any form of energy

uthorities,

Can engage in generation,
distribution, supply,

Com terprises. consumption, aggregation,
C) storage and services.

Posfiive Households, Local Only renewable Inclusive, no legal

Energy individuals, (autonomous energy, balance or | determination. Can include

District authorities, & dynamic exceed demand Prosumer, REC and CEC

(PED) enterprises PED)

Table 1. Differences between Prosumers, RECs, CECs and PEDs [11].

Energy Communities have had a legal foundation in EU legislation since 2019, thanks to
the “Clean energy for all Europeans” legislative package [12]. The implementation of these
regulations however, vary across member states. Communities can operate as an independent
energy project or aim to achieve PED status (covering their own energy demands) through a
combination of energy production and energy saving measures. Despite the legislation



intending to provide the European public with ease of access to affordable energy, major
barriers persist. The energy system governance remains to be top-down, fragmented, and
dominated by market and state mechanisms, side-lining citizen communities [13]. Large energy
corporations control production, transmission, and distribution, leaving the European public
with limited influence over system evolution. For community initiatives — particularly in low-
income areas, accessibility to knowledge-sharing, technology, and financing remains
challenging, as Dall-Orsoletta et al. [14] highlight.

Two critical knowledge gaps emerge from this context. First, while energy communities
continue to gain attention and popularity, they remain underutilised in the European energy

benefits as an initial goal might be closer to (energy)
communities very often define their activity through

aspects, such as the produced
eas commoning communities

Urtinsa
location Spanish case
type REC
Spatial context Urban/peri-urban
One municipality
reach The REC boundaries are required to be
3 within the 2km radius distance.
®n serve the villages Schonbiihel- Consequently, the REC can only serve
h, the town Loosdorf and the within the municipal boundaries of
capital Melk, given that the Alcorcon, with the ability to reach out of
bstation reaches all three municipalities. the industrial zone to the housing areas
his is a wide reach — but difficult to of the city.
manage as the 3 municipalities aren’t well
connected with citizen activities.
Gel@grap Elevation 230m a.s.l. Elevation 690m a.s.l.
aspec Continental climate (Képpen class: Cfb) Semi-arid Mediterranean climate
Average annual temperatures 9-10°C (K6ppen class: BSk)
Moderate solar irradiation 1.200-1.300 | Average annual temperatures 4-15°C
kWh/m2/year High solar irradiation 1.700-1.900
kWh/m2/year
Ownership Individual households and homeowners Enterprises. (currently)
(currently) NGO structure for the trading of energy.
NGO structure for the trading of energy.
Maturity Established with operational governance in Recently established (2023), six founding
2021 entities




Production

On the own property of the members
Currently 42 members (12 prosumers, 30
consumers) and further household on the

in industrial area of the city on the plant
buildings of the members
currently 7 prosumer members

interest list.

The production reached 100.000kWh in
2025. The prosumers could cover 1/5% of
their energy needs and share with the
members 2/5%. The rest went to storage
and to the net.

Mostly: PV; few: local energy storage
possibilities of prosumers.

Diverse membership (prosumers and
consumers), regular public events, social
projects, one-person-per-household model
(not one-per-energy-contract), multiple
energy sources (hydro, solar).

Energy trading through the public electricity
grid.

An established association, electric energy
trading is in the sub-station network
through the public network

National law and funding. No direct
administrative support

(industrial partners) and further
companies on the interest list.

The production capacity 300.000kWh in
and 89,5kWh installed in 2025 but not
able to produce, store and share yet.

Technology Mostly: PV

Characteristics roducers,
consumers, space-provid

per-entity model, pri

Legal

Facilitator

analysis formalized governance, inclusive

membership,

but evolving governance,
tiple organizational roles,

Table 2. Cag@overy1 20].

Both cases (Table 2) operate ynd
distinct national implementati
(2021) [21] and Spain’s
implementations. This pol4
organisational outcomg
with descriptive qua

the E, an Energy Package frameworks, but within
Wwstan@e, Austria’s Renewable Energy Expansion Act

4/2019 [22] are examples of these national
an opportunity to assess how the context influences

» omparative case study methodology to test the hypothesis on how
ure affects outcomes in energy projects. Two contrasting energy

organjsati

co Austria and one in Spain (Table 2), were selected. These communities
ve islation, cultures, organisational maturity levels, governance models, and

natignal tory contexts. This research design allows for a systematic analysis of whether

form structures, legal frameworks, and spatial contexts influence participation equity,
benefit distribution, and governance inclusivity, as hypothesised. To operationalise the
analysis, the PED Matrix [23], developed in the PED-ACT project as a multi-dimensional
assessment tool for energy projects, was applied. This matrix addresses aspects that collectively
shape energy community performance but are rarely analysed comprehensively in existing
research, such as the technical, financial, environmental, legal, management, governance, and
social factors. To further enhance the analysis, the PED Matrix was extended by integrating
justice-oriented parameters derived from energy commons theory [24] and institutional
analysis frameworks [25]. Each case was then evaluated across justice parameters. These
parameters operationalise the distinction between “cooperative-like” communities, which
prioritise material aspects such as energy production, financial schemes, and ownership, and



“commoning” communities, which emphasise collaborative culture, social values, and non-
material benefits. This framework allows us to test the hypothesis by providing measurable
dimensions across which organisational models can be compared.

To  understand the  energy
communities’ “commoning capacity”, a
reflection on the paradoxes in energy
g\\,“onmema,_soc/ commons as described by Bauwens

oot o . [24], becomgg necessary, .Thege

%03 % paradoxes position energy
R relation to inclusion,

g‘PED‘ geographic  assets, E

Ao\ #,
@' Q,
a2 3,
02 Qe,;.
o ""a{

L’Qa/

N structures within

£ ; Energy project
® i that social
Mitopgg - WO ) driver project
a significant
acilitate this role
to create collective
spaces for citizen
ip&gion and engagement [18, 25].
dynamics vary significantly
contexts and require being

9,
e, 2}
Y W
490 \(J\

Figure 2. PED Matrix [29], [30].

entification of strengths and the assessment of the
g topic. Quantitative descriptors were applied where
available, including jc diversity indicators, energy production and consumption
data, financial ibution. Systematic cross-case comparison was conducted
across each ~ entify patterns, capacities, strengths, organisational features,
context-spe@ific b and facilitators, and transferable mechanisms versus context-

5.0

acknowledges several limitations. While the small sample size of two cases
generalizability of findings, it facilitates detailed comparative analysis. Self-
reported*data from interviews may reflect social desirability bias, and the availability of
quantitative membership data varied between cases [19, 20]. Additionally, the short operational
history of the Spanish case (established in 2023) limits longitudinal assessment. Cross-national
comparison involves confounding variables beyond organisational factors. Despite these
limitations, the contrasting case selection and multi-method approach provide a robust
empirical basis for testing hypothesis and generating transferable insights for community
energy development.



MATERIAL: CASE STUDIES

BURGER*INNEN KRAFTWERK SCHONBUHEL-AGGSBACH, AUSTRIA.

In the Austrian context, energy communities have gained significant traction as a key
component of the country’s energy transition and climate goals. Austria’s Renewable Energy
Expansion Act [21] enacted in 2021, provides a robust legal framework to support the
establishment of renewable energy communities (RECs) and citizen energy initiatives. It
empowers citizens, municipalities, and small businesses to collectively produce, share, and
consume renewable energy, fostering local energy autonomy and reducing reliance on fossil
fuels.

The REC Biirger*innenKraftwerk Schonbiihel-Aggsbach is in the muniggfality of

Vienna), situated along the Danube Valley at an elevation of roughly 230 gion is
characterised by a temperature continental climate (Koppen classification C N, I
annual temperatures of approximately 9-10°C. It boasts cold winter ‘
irradiation averaging around 1.200-1.300 kWh/m2/year, which influ S ating energy

Figure 3. The buildings are located in UW Loosdorf transformer station
(the white colored area in the first image) and LOO-31542-6 substation
area (highlighted in the second image)[41].

The initiative can legally and technically serve users from the bordering municipalities of
Schonbiihel-Aggsbach (932 inhabitants), Loosdorf (3.902 inhabitants), and Melk (district
capital, 5.594 inhabitants). The community comprised in 2025 spring 42 members, consisting



of 12 prosumer and 30 consumer households, mainly based in Schonbiihel-Aggsbach village.
The community's installed renewable capacity includes rooftop photovoltaic systems, owned
by prosumers (homeowners). In the peak summer period, the homeowners produce a surplus
of energy and could serve more households [100.000 kWh/year]. Due to peak summers, the
prosumer can use only 1/5" of the produced energy. In 2025, they were already able to
deliver to 3/5" of the members. They still have surplus capacities, especially in the summer
months. There are no storage facilities installed, the current concept is immediate energy-
trading. The spatial distribution of the producing 12 buildings is in the village, but due to
technical constellation the users in all other municipalities can consume with the REC
defined prices. The potential geographical widespread of consumers and prosumers is
illustrated in Figure 3. This means, the REC is still in the development and buildin phase
and has little outreach in the big municipalities.

pricing (energy
trading) is the collective decision of all members of the @, prosumers and
consumer). This aligns with the broader European vision

ensuring a just transition toward sustainability.

governance models and fostering memb
expertise, as well as a different set of

emerged, particularly in remo
structured as an NGO compri

ents, includes social projects in their activities and
as well as for the larger community. It also offers

p ehergy community is driven by strong social ambitions, aiming to
ive environment where well-being, environment and heritage is as

with regional stakeholders, the community seeks to balance energy
nvironmental and cultural preservation [19]. However, its impact remains
scoring the need for supportive policies and resources.

URTINSA COMMUNITY ALCORCON, SPAIN.

In Spain, energy communities continue to emerge, accelerating the transition to renewable
energy, helping meet EU climate targets, and supporting the increasing number of citizens
affected by energy poverty. The favourable conditions for solar and wind energy, coupled with
supportive national legislation such as the Royal Decree 244/2019 [22] and the transposition
of the EU’s Clean Energy Package [26] have created a context that enables the establishment
of RECs. These energy communities empower citizens, local governments, and small
businesses to collectively generate, manage, and consume renewable energy, reducing energy
costs and fostering local economic development. In regions such as Catalonia and the Basque
Country, energy communities continue to gain momentum, often supported by municipal
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initiatives and cooperative models that prioritize social inclusion and environmental
sustainability. Despite challenges such as regulatory complexity and initial investment barriers,
energy communities in Spain continue to receive increased recognition as a vital tool for

democratizing energy systems, enhancing energy resilience, and ensuring a just transition
toward a low-carbon future.

F iure 4. T he Las Retamas area
form 8

The REC of Urtinsa is located in the icipality oN&lcorcon, approximately 12km
southwest of Madrid city centre (sge i . area sits at an elevation of approximately

verage annual temperatures range between 14-
15°C. The region benefits4f irradiation averaging approximately 1.700-1.900
kWh/m2/year, making mg 2 Meration particularly advantageous and central to the
community’s energy § . §gtinsa is an NGO established in 2023, comprising six
foundational entigg

irtual PED a Positive Energy District (PED). The spatial extent of the

is defined by Spanish REC law and includes a zone of 2km around the REC.
Governance follows a one-entity-one-vote model, ensuring balanced decision-making power
among all six partners regardless of energy contribution or consumption volume. The
community has not yet established a specific model for meetings and social gatherings but
plans to do so as it grows [20]. Despite the challenges related to regulatory complexity and
initial investment barriers, Urtinsa represents a growing recognition of energy communities
as a vital tool for democratising energy systems, enhancing energy resilience, and ensuring a
just transition toward a low-carbon future in Spain.

Journal of Sustainable Development of Smart Energy Networks 10
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RESULTS

This section presents the findings from the comparative case study analysis, organised by
the research hypothesis and the eight parameters operationalised through the PED Matrix
framework. Figure 3 and Figure 4 show the PED Matrix scores for Biirger*innenKRAFTwerk
(Austria) and Urtinsa (Spain) across eight dimensions: legal, managerial, technical, financial,
environmental, governance, social, and process aspects. These scores reveal distinct
organisational profiles, allowing to test the hypothesis about how organisational structure
affects justice outcomes. The scoring allows to list and prioritise the key quantitative findings.

BiirgerinnenKRAFTwerk scored highest in social aspects, followed by financial,
governance, and environmental dimensions, with the same scores. The lowest scoring aspects
were technical, and process related. Urtinsa REC scored highest in the legal
managerial dimensions are becoming clearer, indicating substantial progress i
functioning energy community, reflecting strong municipal support. However
significantly lower in social and environmental aspects compared to Biirgcii
The absolute lowest score was achieved for the process aspects, which is

evolving energy community. These divergent profiles provide the i
the hypothesis. Q

Journal of Sustainable Development of Smart Energy Networks 11
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ANALYSING KEY PARAMETERS WITH JUSTICE PERSPECTIVES

Matrix Score
(Austria Case)

Adoption of sustainable business
models, 2

u Sodial _ Process i Technical: _ Governance: _ Environmental: _ legal: _ Financial: o Managerial
12Points ~ 6Points 5 Points 9 Points 9 Points 7Points 9 Points 7 Points

Figte 5. 'NinﬂenKRAFTwerk scoring. © wonderland/Batuhan Akkaya

sysfem connected to the PED Matrix allows energy communities to self-

eparedness in the listed eight aspects. The scoring of
FTwerk clearly exhibits how well this citizens’ initiative performs in social
e 3). In the case of Urtinsa — the community of enterprises — the energy
is supported and facilitated by the municipality, which sets the Renewable energy
(REC) operations on very strong legal foundations [20], which is where the
community excels the highest scores (Figure 4). The scoring system also exhibits (and helps
assess) how organisations might need support in other areas to fulfil their capacities, as is
highlighted by Dall-Orsoletta et al. [13]. A simple comparison of the citizen and business
driven energy communities underline the main features determined by the partnership model
in which they operate, for instance in the legal and managerial aspects. While the missing social
interactions with citizens in the Spanish case yield a lower score social related topics, the
citizens driven REC reaches the highest scores [19]. This means that there is an opportunity to
learn from each other and strengthen the social practice.

Journal of Sustainable Development of Smart Energy Networks 12
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It's quite natural for various members of each group to have different levels of knowledge
and capabilities, especially when it comes to the topic of energy. Individuals in such groups
are often involved in an energy project out of personal interests or motivations. A group may
have various individuals with vast knowledge on issues such as technology, social dynamics,
financial or legal expertise. The diversity among members might be the community’s biggest
capital and depending on the context, the geographical location, attributes of the societal group,
gender representation, vulnerabilities, or ownership structures as well as professional
occupation, members and conditions will eventually determine the core values of the energy
project as well as the fields they might need assistance and expert guidance in.

Matrix Score
(Spain Case)

PRI

S
%

ﬁg":
s

social: Process: _ Technical: _ Governance: _ Environmental: Legal: Financial: _ Managerial:
3 Points 1 Points. 6 Points 8 Points 3 Points 14 Points 8 Points 7 Points

2 Augssaane pus ATba [ERUEL
1"‘#»!7
WM

Figure 6. Urtinsa scoring © wonderland/Batuhan Akkaya

The two case studies outline above—a community driven by entrepreneurship and a citizen
driven community with social values at the core—exemplify the different ways of organising
community energy projects and the kinds of challenges they face. Energy projects may have
the capacity to alleviate energy vulnerability [27] yet most collaborative energy projects are
new, and their societal contribution (aside from sustainable local energy production) needs
facilitation and orientation, as well as direct support — both financially as well as in terms of
expertise. As it stands, many stakeholders perceive energy concepts such as PEDs as a

Journal of Sustainable Development of Smart Energy Networks 3
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technological challenge to achieve net-positive-energy, neglecting their wider contribution to
societal benefit and just transition pathways.

Table 3. Keywords and self-evaluation scores for the five cases on the
eight PED aspects

Schonbiihel-Aggsbach:

PED aspects Alcorcon: Urtinsa .
P Biirger*innenKraftwer
Limited Comprehensive
3 points out tential of 15 . .
. ( pom's out of a potential of ,) (12 points out of a potential of 15)
Social There is further need for social , . .
. . Has good social and cultural igdntity
and cultural inclusion . . .
integration; a need for social in
limited ?gojlfql;ztcfut of a potentiging
(1 point out of a potential of 15) P f . P
Process . A need for clarity ang
A strong need for capacity
building
Moderate
Technical (6 points out of a potential of 15)
Needs technical expertise expertise
Moderate
(8 points out of a potential of 15)
Governance  Alignment with strategies,
everything else needs to b,
elaborated.
Limited
e 9 points out of a potential of 15)
(3 points out of a N
. . Prioritised aspects; a need for support
Environmental Very limite L
in circular economy (CE) and
biodiversity; untapped sustainable
mobility potential.
Moderate

of a potential of 15)
good set-up
collaboration with the

Legal

(7 points out of a potential of 15)
Has established rules; possible but
infeasible compliance; a need for

support and training.

Moderate

(9 points out of a potential of 15)
Has available funds; an impactful
business model; needs to focus on

8 points out of a potential of 15)
Possesses available funds; has
cia an impactful business model;

needs to focus on barriers and ) . . .
barriers and implementing business

implementing the business
p & model

model.

Moderate

(8 points out of a potential of 15)
Local establishment; has a need
for support, elaboration, and
development.

Moderate

(7 points out of a potential of 15)
Local establishment; needssupport,
elaboration, and development.

Managerial

If energy projects are reduced to merely extending profit-driven monopoly structures within
the energy sector, they risk creating exclusive societies, deepening class divisions, and
exacerbating social injustice. In the absence of a strong regulatory framework, the long payback

Journal of Sustainable Development of Smart Energy Networks 14



periods of energy investments tend to favour for-profit business models. Only through targeted
regulation can this market dominance be balanced in favour of citizens and ensure benefits are
shared across diverse social groups. A bottom-up, community-driven energy transition is more
likely to reflect the needs of its members, where group diversity plays a crucial role. Projects
situated in contexts such as social housing, shrinking communities, or industrial zones will
each follow distinct trajectories, requiring tailored support and facilitation to overcome
structural barriers and local constraints. In their critical analysis of PEDs in Europe, Carlborg
et al. [28] argue that these initiatives often fail to contribute meaningfully to restorative justice,
as social concerns are typically addressed only after project development, rather than being
embedded in the project from the beginning.

The concept of energy communities intersects with institutional logics, partj

This blending of logics reveals the complex and often ambivalent rg
commons and capitalist structures. While some scholars advocg

principles are defined and communicated to
versus exclusivity [30] will play a cr1t1ca1
of the community and its relationships

barriers, particularly for margi
inclusion is limited, whereas j ample, the involvement of younger citizens

in the energy sector is difficult to manage, as large

Decentralised system
result, the gove

whereas

community logic to energy justice, emphasizing equitable access, fair
diSygbutt benefits, and participatory governance [32]. Despite challenges, inclusive

com iy energy initiatives can foster stronger social bonds and enhance environmental
responsibility. Although these projects reflect the ideals of the commons, they frequently
intersect with market logic by engaging in electricity sales or peer-to-peer trading, sometimes
out of necessity. Even energy communities striving for self-sufficiency may integrate market
mechanisms, combining both institutional logics. Governance plays a key role in this context,
which is notable given that it complements many other activities through its organizational
focus and relatively low capital demands.

REPLICATION OF ENERGY PROJECTS

This section analyses the replicability potential of the two case studies by examining how
their organisational characteristics and justice outcomes translate to transferable principles for



other contexts. Working with energy communities to replicate energy projects for PEDs
involves the creation of sustainable urban areas that produce their own energy while actively
engaging local communities in energy production, management, and consumption. The
replicability of such models depends on several factors, including regulatory frameworks,
technological infrastructure, community engagement, and financial mechanisms. Key
considerations for ensuring the replicability of PEDs with energy communities deal with
regulations and policies, technological infrastructures, community engagement, financial
mechanisms, scalability, and adaptability. We analyse the various factors when it comes to
scalability, with examples from our two cases, below.

Regulatory and policy frameworks. Both energy communities operate under EU ewable
Energy Directive (RED II) [33] transpositions, but national implementations creat
significantly different operating conditions. Governments need to establish cl

energy projects. This includes feed-in tariffs, tax incentives, and grants. k
communities would not be possible without the policies the promote enefig

Directive (RED II) [33] provides a legal basis for citizen eneyg
national take on the directive can differ depending on loca
communities evolve around the capacities of the energy
transformer reach and sometimes on the substation reach.

within the group, and this aspect may re
development. The PED evaluation of

8 s dependence for market
as high scoring in the aspects of

tatiofyservices for energy communities. The legal
i in regard to feeding into the energy system,

tstanding with 14 points, since the collaboration

legal stability in the
] lity has a legal task force behind it. Furthermore, they

between the REC

aficial and governance aspects in the case of Urtinsa are influenced
aginds and the support system for energy communities, resulting in a
this area. The main difference is the environmental motivation and
While the members of the Austrian energy community feel a strong
herence to environmental goals, the activities of the industrial partners and
ity are rather seen as silo-solutions not very integrated and connected. In

e can conclude the relatively high scoring in the four aspects signal that the
frameworks for both energy communities are rather well developed and that successful
replications of such energy communities are quite likely.

Technological infrastructure. Advanced grid infrastructure is necessary to manage the
variable energy supply from renewable sources and multiple deliverers. This means
infrastructure change on the supply network, and how energy suppliers handle customers so
they can also become deliverers, or in the case of prosumers, both. The fluctuating delivery
coming from the community needs to be balanced to ensure efficient distribution within the
district or neighbourhood. This means that national and regional grids must be consistently
updated and upgraded into smart grids across all areas. Solutions also need to cover local




production gaps. Batteries or thermal storage are critical for balancing energy supply and
demand, especially in districts with high renewable energy penetration. Platforms for
monitoring and managing energy consumption and production at the community level can
enhance efficiency and engagement, but this is challenging for smaller energy communities.
Therefore, citizens often make use of common tools, such as social media groups to stay in
touch and exchange among members, as in the case of the Biirger*innenKRAFTwerk.
Outstanding mobility actions may be combined with governance actions. Due to the significant
impact of mobility within urban areas and the substantial potential for emission reduction
associated with these two actions, the initial two mobility measures also attain a heightened
level of importance. This aspect delivers the smallest gap between the cases across all

communities are already supported means there are many existing energy,
from and exchange experiences with. These cover everything from form

drafting contracts. This support allows the Austrian case to score i
points). Urtinsa on the other hand only scores 1 point in this argg
develop their specific process (tailored to their context and
beginning. In terms of replication, the technical aspect of ige wodel currently requires
more support, time, and experience. In conclusion, th i
transferable, but the implementation pathways differ based
and legal background.

5 aspects (6
still need to

Community engagement and ownership
involvement of residents, businesses, an
members feel a sense of ownership

s. Energy communities thrive when
. Energy communities developed by

le@give efents and gatherings, which serve as an occasion
to talk about the energy comm i ilgin a top-down project, the target group has to be
identified, and the appropz ipati@n culture needs to be established, whereas bottom-
oping that culture organically. Raising awareness on
and providing training on energy management can
empower commuga n active role, making such actions an integral part of the
management tas Wwg that energy communities are inclusive and accessible to all
SOCI0€CONONAIBAGI QU ial for scaling up and replicability, as well as the sustainability of
the project. Qommu gigagement demonstrates the largest performance differential between
th@findings of the REC design importance hypothesis. Social engagement

context-dependent, yet predictable and deeply ingrained in the
ructure. A sense of ownership is necessary for sustainability of the
specially for the individual motivation to engage, and this is mainly determined
of energy community. Despite the different revenue models in some cases, financial
viability did exhibit convergence. The community and member aspects are captured with the
social, governance, managerial aspects, and the biggest difference between the two REC
examples are within the social aspects.

Due to its nature and the rural context, the Austrian case (scoring 12 points in the social
aspect) evolved from the efforts of active citizens who well connected to the local village
community. They developed a governance and management scheme that allows the integration
of personal and individual aims, skills and ambitions as social activities, on voluntary basis. In
the rural context, where the social activity landscape is rather thin, the combination of social
and environmental activism under the umbrella of an energy project can be highly motivational.



In the case of the Spanish REC, the business-driven and municipality supported (Private-
Public) partnership falls short on the topic of citizen engagement (scoring 3 points in social
aspects) and needs to create more capacities in this regard. In terms of management and
governance, both RECs have scored between seven and nine, which makes them good
candidates to learn from regarding how to establish successful management in different
conditions. They both could, however, utilise some capacity building to strengthen their
management and governance scheme.

The Urtinsa energy community has successfully developed a business model in which the
energy-producing investor collaborates with building owners, allowing them to partially
consume the generated energy instead of paying rent for rooftop or surface use. Various forms

projects. Multiple financial models are viable, the particular choi
values. Innovative benefit structures can overcome participatQ
projects must design low-barrier financial entry points (pay
for-contribution swaps).

(Stice-oriented
g scales, energy-

Scalability and Adaptability. Different energy projects an®g@0ncept$ can be integrated into

ind. For example, a

prosumer can begin with their own household gfb nd gradually form an energy
community, eventually guiding that comm oming a PED. This modular
approach is particularly important for bo s that receive little or no support
from professionals. These initiatives ufblement complex systems from the

start, so their development pathway
enting and sharing successful case studies,
fics and communities in replicating effective

resources, legal framg ‘ culftiral preferences. Innovative technologies like bladeless
turbines were explegcd QB innenKRAFTwerk, specifically when considering the
visual character @ ge-protected site [31]. The evaluation in the technical and
process asp 1513 for the scalability and adaptability aspects of energy
communjti pf these two communities, both have obtained a scoring of 5-6

two¥aspects, with the Spanish case scoring low regarding the process aspect.
y communities potentially have capacities to scale-up or out their REC,
strictions the different options are not yet explored and developed.

and conimunity engagement helps track the success of an energy project and identify areas
for improvement. Regular feedback and creating spaces for community members and
stakeholders to come together and meet ensures that the energy project remains aligned with
local needs and goals. Additionally, the results indicate that the inclusion of gender criteria
[34] affects the prioritisation of actions. Without gender criteria, actions with a technical
component are favoured. However, with gender criteria, actions involving social elements
become more important. Additionally, gender criteria impact climate objectives, but not vice
versa. The relationship between gender and climate criteria in policy actions is complex and
context dependent but should be highlighted in the monitoring and evaluation of a
community s activities and development. While gender considerations can inform and



enhance climate policies, climate change itself can also have differential impacts on different
genders and necessitate specific gender-sensitive responses. If no gender perspective is used
in formulating urban decarbonisation policies, these can lead to the reproduction of the
existing gender inequalities. In contrast, if policymakers formulate climate policies in cities
with gender criteria, these can become a catalyser to overcome urban inequalities and
contribute towards a more sustainable and equitable future. Social aspects play a significant
role in evaluating vulnerabilities, inclusion, and social barriers. Regarding managerial
aspects, equity considerations shape stakeholder engagement, managerial capacity
development, and decision-making structures. For the community governance scheme of
renewable energy communities (RECs), evaluating contributions to the common good and
identifying governance failures can provide a balanced perspective on vulnerability 4
Neither case demonstrated fully developed monitoring and evaluation systems in 0
analysis, representing a gap in both models that limits learning for replication.
equity criteria should be embedded in monitoring and evaluation frameworks.

Especially in regards of organisation and governance, both energy C(
good basis to assess the social contribution. The matrix allows cro o
the REC and determine where the strong and rather weak aspects of

€ CIILS imunity are
Using self-assessment to develop capacities and collaborationgmagge- ass8ss conditions can
deliver the justification (evaluation and monitoring results) td e RN all its aspects.

DISCUSSION
A comparative analysis of two contrasting munities provides empirical
evidence addressing a critical gap in energy tra orsini [35] examined 74,932

°d studies remain significantly
irectly addressed by the hypothesis-
evaluates how organisational structure
rticularly social, governance, financial, and

documented, the social dimensions
underrepresented in academic literaturd®
driven case study methodology, whi
affects justice outcomes across ei
participatory dimensions.

Two energy communit different starting points were examined in this
article, with the purpose o ocial dimensions can be tackled when the main actors
are the community itsg d that every community has its particular priorities, skill
sets and trajectories, th bdvagate for their own interests and therefore are an important player

ormations. Kalkbrenner and Roosen [36] examined how
prms, trust, and environmental concern influence participation in

ss to volunteer than to invest financially. This served as a motivation to use
hich willingness is higher, given that members are already engaged and
Rural residency and cultural heritage, like in the case of

The key difference was the design of governance, not formalisation. The Austrian model
lowered barriers by accepting citizens regardless of their energy contract status, while the
Spanish model structured membership around energy production or property provision. Both
were formally codified but had opposite implications regarding accessibility. This aligns with
Kalkbrenner and Roosen’s observation that community energy volunteering exceeds financial
investment. The Austrian model offered participation pathways beyond capital investment,
while the Spanish model required production capacity or property assets, excluding those with
high willingness but low capital.



This finding contributes to energy commons theory, particularly Bauwens’ [24] paradoxes
of energy commons. Bauwens identified tensions between community logic, emphasising
participation, equity, asocial values, and market logic, emphasising efficiency, return on
investment, and professional management. The results empirically demonstrate that these
tensions manifest as trade-offs in justice parameter profiles. Communities cannot
simultaneously optimise all dimensions and must choose emphasis areas aligned with their core
values. This also extends Giotitsas et al.’s [29] debate about whether energy commons can
challenge capitalist structures or merely operate within them. The cases suggest a third
possibility: value-driven selective optimisation. Communities intentionally de-emphasise
certaln dimensions (e. g professmnahsed management in Austria, grassroots moblhsatlon n

strategic positioning within hybrid 1nst1tut10nal logics.

This article promotes pro-environmental behaviours and highlights com
potential. It emphasises that community energy organisations can take various &
case design allows for deep comparative analysis but limits statisy
However, identified patterns, such as spatial trade-offs, complementa
driven emphasis, suggest underlying structural dynamics. The hyy
and PED Matrix methodology are replicable, so future researchgca
test these patterns across broader samples.

CONCLUSIONS

This study investigated how organisational stru
energy projects. By comparing two
Biirger*innenKRAFTwerk in rural Austria ap@”the B
in urban Spain, the hypothesis was test ap
governance formalisation, legal frame or@gnisagonal complexity, spatial context, and
justice parameter performance.

The comparative analysis of
evaluated dimensions. In te

ases, the citizen-driven
s-municipality partnership Urtinsa

etwo cage studies reveals notable differences across the
of Yocialfinclusion, the citizen driven Austrian REC
demonstrates a broad capac ate (comprehensive) the diverse interests of its
members, predommantly ds, achieving a score of 12 out of 15. By contrast,
the Spamsh communi 3y 1n its current configuration, exhibits a comparatively

Objectives into community actions, where the Austrian case
against the Spanish case’s 3 out of 15 (limited), reflecting the

the 1 amework, an inverse pattern emerges. Urtinsa benefits from its close
ith fhe municipal government, which provides access to a well-developed
regulatory structure, resulting in a score of 14 out of 15 (comprehensive). The

r¢ moderately developed legal framework, scoring 7 out of 15. In the domain of
, both communities demonstrate comparable and moderate capacities, suggesting
that this dimension represents a shared area of improvement regardless of the leading
community, but signals that there is a good basis for governing the community already
established.

Overall these findings indicate that targeted support in technical and process-related aspects
would significantly enhance the impact and relevance of both RECs within their respective
energy transition pathways.

The replication of energy projects with energy communities is feasible through tailored policy
support, technological innovation, community engagement, and sustainable financing. A deeper
look on their benefit of empowering local actors and uniting them in a community is worth the



effort, and the facilitating regulations and financial provisions throughout Europe could enable
widespread replication. However, the energy transition’s complexity demands a nuanced
understanding of its drivers, as demonstrated by the analyses of two very different energy
communities, in very different contexts, with different identities, revealing the risks of incremental
approaches. Social dimensions need to be integrated into energy models to assess adoption barriers
and societal acceptance, with governance and business model innovations playing a crucial role
in decentralising energy systems.

Despite their potential, RECs face challenges, including limited awareness, path dependency
on centralized infrastructure, and governance constraints, as seen in cases like Austria’s
underutilized capacity. A holistic approach, combining technological, social, and institutional
reforms, is essential to foster resilient, community-driven energy systems. Future rese should
prioritize context-specific solutions that enhance participatory governance, local em%nt,

and alignment with broader sustainability goals. Only through such integrated strgf€g ajust
ﬁ%l nd

and inclusive energy transition be achieved, unlocking the full potential of rene
energy communities.
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